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Standard Work Breakdown Structure Overview
National Reconnaissance Office (NRO) Directive (NROD) 82-5 requires the NRO Cost Group to develop and maintain a standard work breakdown structure (WBS) for NRO programs.  It also defines a Contract Data Requirements List (CDRL) item called Contractor Cost and Technical Data Report.  This CDRL item discusses the reporting of contract costs in accordance with the standard WBS.  NROD 82-5 does not require program offices to use the standard WBS as the program WBS, but it does require contractors to map their costs into the standard WBS for the CDRL item delivery.  The attached standard WBS and dictionary are provided to guide contractors in submitting contract costs in a consistent format to the NRO Cost Group.  The Cost Group will use the standard WBS as the structure for a cost-estimating database at an end item (box or computer software configuration item) level.

The standard WBS was developed to capture the costs of any NRO program, whether it is an operational space program, technology demonstration program, ground station upgrade, or a system of systems.  It is structured to accommodate varying levels of detail in available data.  This allows data to be reported at either lower levels or at higher levels, if lower level data are not available.  The wide range of system engineering, integration and test, and program management levels within the WBS is a prime example of how data are reported at many different levels within a program.  The standard WBS is designed to allow data reporting at whatever level they are recorded.  Because of this versatility, some WBS elements may be repeated, such as the case of a satellite system that operates with two ground stations.  For this situation, the costs for each ground station are reported separately via WBS elements 1.3a and 1.3b, and all lower level elements for each ground station will sum up to their respective ground station.  The same scheme applies to multiple and dissimilar spacecraft within a program, which will be reported separately as “spacecraft a” and “spacecraft b”.  Thus, there may be a number of elements in the standard WBS that are irrelevant to any individual program, but are necessary for the database structure to account for a varying level of cost data on disparate legacy programs.  If cost data are sparse, they still may be mapped into appropriate higher levels of the WBS.  Three specific examples below help to illustrate the versatility of this WBS.

Systems Engineering, Integration and Test, and Program Management (SEIT/PM)

There are various levels of SEIT/PM throughout this WBS.  The Cost Group prefers that SEIT/PM costs be reported with the item they are supporting.  If a contractor does not collect SEIT/PM data at this level, such as a bus subsystem, then the costs should be reported at the next higher-level WBS element, which for this example would be the satellite bus.  

Special attention must be paid to integration and test associated with lower level assemblies or components.  As an example, the Electrical Power Subsystem (EPS) solar array positioner consists of the drive assembly and drive electronics, which will be integrated and tested.  If the resources associated with this integration and testing are available, they should be reported in WBS 1.2a.2.4.2.3.1.  If the data do not exist at this low a level, they should be reported in WBS 1.2a.2.4.2.1, which is the next higher level of SEIT/PM.

Anomaly Resolution

Anomaly resolution costs may be incurred in various phases of a program.  These costs will be reported in different WBS elements, depending on when they occur.  Table 1-1 indicates how to report these costs.  If the contract stipulates where to report anomaly resolution costs, comply with the contract specification.  If the contract does not contain such a stipulation, report the costs in the appropriate WBS element according to program phase as shown in Table 1-1.  If the resources cannot be identified with a specific portion of the acquisition life cycle, then report anomaly resolution costs in WBS 1.2a.8, Launch Operations & Mission Support.

Table 1-1.  Mapping of Anomaly Resolution Costs

	Anomaly Occurrence
	Mapping Location

	Contract specifies
	As specified in the contract

	Resources identified with a specific phase of the acquisition life cycle

	During development
	System Engineering at the appropriate level (Bus, subsystem, etc.)

	During launch preparation
	Launch Operations & Mission Support (WBS 1.2a.8)

	During launch and on-orbit checkout
	Launch Operations & Mission Support  (WBS 1.2a.8)

	After system turnover (on-orbit checkout is complete)
	Engineering Management, and Test (EM&T) (O&M WBS-TBD) and/or Operations (O&M WBS -TBD) (where ever the cost is incurred)

	Resources not identified with a specific phase of the acquisition life cycle

	Launch Operations & Mission Support  (WBS 1.2a.8)


Software Development

The standard WBS contains various levels for software development to enable collecting of these costs at the lowest level possible, preferably with the end item/subsystem it supports.  Table 1-2 illustrates how to use the standard WBS for several scenarios.

Table 1-2.  Mapping of Software Development Costs

	Development Occurrence
	Mapping Location

	Flight software not specifically identified with the bus, communications, or payloads areas
	Bus flight software accounts

	Bus subsystem (Thermal Control (TC), Electrical Power Subsystem (EPS), etc.) flight software
	Appropriate bus subsystem flight software accounts

	Communication / Payload but not further identified
	Communication / payload level flight software accounts

	Communication suite
	Communication suite level flight software accounts

	Communication suite subsystem (TC, etc.)
	Communication suite subsystem level flight software accounts

	Payload but not further identified
	Payload level flight software accounts.

	Payload suite
	Payload suite level flight software accounts

	Payload suite subsystem (TC, etc.)
	Payload suite subsystem level flight software accounts

	Ground subsystems
	Appropriate ground subsystem software accounts


Algorithm Development

Similar to the earlier items, algorithm development costs may appear at various levels in the WBS.  To help understand where to report these costs, we first provide our definition of algorithm development.  The overall algorithm development and coding process occurs in multiple steps:  

1. Scientific/engineering/mathematical development of the algorithm

2. Some rudimentary coding of the developed algorithm (this step may be omitted)

3. Final operational language coding of the algorithm to make it efficient and effective.

We define algorithm development as that effort performed by the scientific/engineering/ mathematical team.  It includes the effort performed in step one and may include the effort in step two if it is performed by the scientific/engineering/mathematical team.  If the effort in step two is performed by programmers in the “code and debug” phase of the software development effort, then that effort is defined as software development, not algorithm development.

Generally, the scientific/engineering/mathematical algorithm development and any rudimentary coding is performed as a level of effort within the system engineering function.  Some organizations perform algorithm development within a software development Integrated Product Team.  Thus, there are multiple locations where algorithm development costs may be reported.  The Cost Group preference is to associate algorithm development costs with the item/subsystem it supports (see Table 1-3).  If mapping cannot be made at this level, then the algorithm development should be booked at the next higher level.

Table 1-3.  Mapping of Algorithm Development Costs

	Algorithm Development Occurrence
	Mapping Location

	Algorithm development not specifically identified with flight software for the communications, bus, or payloads areas
	Bus flight software SEIT/PM accounts

	Bus subsystem (Thermal Control (TC), Electrical Power Subsystem (EPS), etc.) flight software algorithm development
	Appropriate bus subsystem flight software SEIT/PM accounts

	Communication / Payload flight software algorithm development, but not further identified
	Communication / payload level flight software SEIT/PM accounts

	Communication suite flight software algorithm development
	Communication suite level flight software SEIT/PM accounts

	Communication suite subsystem (TC, etc.) flight software algorithm development
	Communication suite subsystem level flight software SEIT/PM accounts

	Payload suite flight software algorithm development
	Payload suite level flight software SEIT/PM accounts

	Payload suite subsystem (TC, etc) flight software algorithm development
	Payload suite subsystem level flight software SEIT/PM accounts

	Algorithm development not specifically identified with a ground subsystem
	Ground SEIT/PM accounts

	Ground subsystem algorithm development
	Appropriate ground subsystem SEIT/PM accounts

	Ground subsystem software algorithm development
	Appropriate ground subsystem software SEIT/PM accounts


Operations and Maintenance (O&M) Accounts

This section is under development.

Standard Work Breakdown Structure Elements

	WBS Element
	Element Title

	0
	System of Systems (SOS)

	1
	Space System

	1.1
	Space System - System Engineering, Integration & Test, and Program Management (SEIT/PM)

	1.1.1
	System Engineering

	1.1.2
	Integration and Test

	1.1.3
	Program Management

	1.1.4
	Data

	1.1.5
	Training

	1.2a
	Spacecraft (a = 1st Spacecraft in a multiple and dissimilar Spacecraft configuration; b = 2nd Spacecraft...)

	1.2a.1
	Spacecraft SEIT/PM

	1.2a.1.1
	System Engineering

	1.2a.1.2
	Integration and Test

	1.2a.1.3
	Program Management

	1.2a.1.4
	Data

	1.2a.1.5
	Training

	1.2a.2
	Spacecraft Bus

	1.2a.2.1
	Spacecraft Bus SEIT/PM

	1.2a.2.1.1
	System Engineering

	1.2a.2.1.2
	Integration and Test

	1.2a.2.1.3
	Program Management

	1.2a.2.2
	Structures and Mechanisms Subsystem

	1.2a.2.2.1
	Structures and Mechanisms Subsystem SEIT/PM

	1.2a.2.2.1.1
	System Engineering

	1.2a.2.2.1.2
	Integration and Test

	1.2a.2.2.1.3
	Program Management

	1.2a.2.2.2
	Structures

	1.2a.2.2.2.1
	Integration and Test

	1.2a.2.2.2.2
	Primary Structures

	1.2a.2.2.2.2.1
	Integration and Test

	1.2a.2.2.2.2.2
	Load Carrying Shell/Truss

	1.2a.2.2.2.2.3
	Equipment Compartments

	1.2a.2.2.2.2.4
	Booms

	1.2a.2.2.2.2.5
	Adapters

	1.2a.2.2.2.3
	Secondary Structures

	1.2a.2.2.2.3.1
	Integration and Test

	1.2a.2.2.2.3.2
	Equipment Mounting

	1.2a.2.2.2.3.3
	Ballast Weight

	1.2a.2.2.3
	Mechanisms

	1.2a.2.2.3.1
	Integration and Test

	1.2a.2.2.3.2
	Positioning 

	1.2a.2.2.3.3
	Deployment and Stowage Equipment

	1.2a.2.2.4
	Structures with Thermal Control

	1.2a.2.2.5
	Pyrotechnics

	1.2a.2.2.5.1
	Integration and Test

	1.2a.2.2.5.2
	Initiator Squibs

	1.2a.2.2.5.3
	Ordnance Separation Units

	1.2a.2.2.6
	Structures and Mechanisms Subsystem Support Equipment

	1.2a.2.2.7
	Structures and Mechanisms Subsystem Other Costs

	1.2a.2.3
	Thermal Control Subsystem

	1.2a.2.3.1
	Thermal Control Subsystem SEIT/PM

	1.2a.2.3.1.1
	System Engineering

	1.2a.2.3.1.2
	Integration and Test

	1.2a.2.3.1.3
	Program Management

	1.2a.2.3.2
	Active Devices

	1.2a.2.3.2.1
	Integration & Test

	1.2a.2.3.2.2
	Cryogenic Devices

	1.2a.2.3.2.3
	Liquid Loops

	1.2a.2.3.2.4
	Electric Cooling (Thermoelectric)

	1.2a.2.3.2.5
	Electric Heaters Thermisters & Thermostats

	1.2a.2.3.2.6
	Shutters

	1.2a.2.3.3
	Passive Devices

	1.2a.2.3.3.1
	Integration & Test

	1.2a.2.3.3.2
	Radiator Panels/Fins

	1.2a.2.3.3.3
	Coatings

	1.2a.2.3.3.4
	Heat Pipes

	1.2a.2.3.3.5
	Insulation

	1.2a.2.3.3.6
	Conductive Structures

	1.2a.2.3.3.7
	Louvers

	1.2a.2.3.3.8
	Sun Shields

	1.2a.2.3.3.9
	Second Surface Mirrors

	
	Embedded Thermal (See Structures – 1.2a.2.2.4)

	1.2a.2.3.4
	Thermal Control Subsystem Flight Software

	1.2a.2.3.4.1
	Thermal Control Subsystem Flight Software SEIT/PM

	1.2a.2.3.4.1.1
	System Engineering

	1.2a.2.3.4.1.2
	Integration and Test

	1.2a.2.3.4.1.3
	Program Management

	1.2a.2.3.4.1.4
	Algorithm Development

	1.2a.2.3.4.2
	Thermal Control Subsystem Custom Flight Software

	1.2a.2.3.4.2.x = 1
	Thermal Control Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Thermal Control Subsystem)

	1.2a.2.3.4.2.1.1
	Requirements Analysis

	1.2a.2.3.4.2.1.2
	Design

	1.2a.2.3.4.2.1.3
	Coding and Design Entity (objects, classes, modules, CSC, etc.) Testing

	1.2a.2.3.4.2.1.4
	Design Entity Integration and Test

	1.2a.2.3.4.2.1.5
	Configuration Item Testing

	1.2a.2.3.4.2.x = 2
	Thermal Control Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Thermal Control Subsystem)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.2.3.4.2.x+1=3
	Thermal Control Subsystem Flight Software Glue Code

	1.2a.2.3.4.3
	Thermal Control Subsystem Commercial Off the Shelf (COTS) Flight Software 

	1.2a.2.3.4.4
	Thermal Control Subsystem Other Flight Software Costs

	1.2a.2.3.5
	Thermal Control Subsystem Support Equipment

	1.2a.2.3.6
	Thermal Control Subsystem Other Costs

	1.2a.2.4
	Electrical Power Subsystem

	1.2a.2.4.1
	Electrical Power Subsystem SEIT/PM

	1.2a.2.4.1.1
	System Engineering

	1.2a.2.4.1.2
	Integration and Test

	1.2a.2.4.1.3
	Program Management

	1.2a.2.4.2
	Electrical Power Generation

	1.2a.2.4.2.1
	Integration and Test

	1.2a.2.4.2.2
	Solar Array

	1.2a.2.4.2.2.1
	Integration & Test

	1.2a.2.4.2.2.2
	Substrates

	1.2a.2.4.2.2.3
	Solar Cells

	1.2a.2.4.2.2.4
	Support Structure

	1.2a.2.4.2.2.5
	Sun Sensor

	1.2a.2.4.2.3
	Solar Array Positioner

	1.2a.2.4.2.3.1
	Integration & Test

	1.2a.2.4.2.3.2
	Drive Assembly

	1.2a.2.4.2.3.3
	Drive Electronics

	1.2a.2.4.2.4
	Radioisotope Thermionic Generator

	1.2a.2.4.2.5
	Other Power Sources

	1.2a.2.4.3
	Electrical Power Conditioning

	1.2a.2.4.3.1
	Integration & Test

	1.2a.2.4.3.2
	Power Control Electronics 

	1.2a.2.4.3.2.1
	Integration & Test

	1.2a.2.4.3.2.2
	Junction Boxes

	1.2a.2.4.3.2.3
	Pyrotechnics/Heater Controls

	1.2a.2.4.3.3
	Power Conversion Electronics

	1.2a.2.4.3.3.1
	Integration & Test

	1.2a.2.4.3.3.2
	Inverters

	1.2a.2.4.3.3.3
	Converters

	1.2a.2.4.3.3.4
	Regulators

	1.2a.2.4.3.4
	Power Dissipation Devices 

	1.2a.2.4.3.4.1
	Integration & Test

	1.2a.2.4.3.4.2
	Shunt Resistor Banks

	1.2a.2.4.3.4.3
	Dissipators

	1.2a.2.4.4
	Electrical Power Storage

	1.2a.2.4.4.1
	Integration & Test

	1.2a.2.4.4.2
	Rechargeable Batteries

	1.2a.2.4.4.2.1
	Integration & Test

	1.2a.2.4.4.2.2
	Cells

	1.2a.2.4.4.2.3
	Support Structure

	1.2a.2.4.4.2.4
	Interconnects

	1.2a.2.4.4.3
	Charge Control Electronics

	1.2a.2.4.5
	Harnesses & Cables 

	1.2a.2.4.6
	Electrical Power Subsystem Flight Software

	1.2a.2.4.6.1
	Electrical Power Subsystem Flight Software SEIT/PM

	1.2a.2.4.6.1.1
	System Engineering

	1.2a.2.4.6.1.2
	Integration and Test

	1.2a.2.4.6.1.3
	Program Management

	1.2a.2.4.6.1.4
	Algorithm Development

	1.2a.2.4.6.2
	Electrical Power Subsystem Custom Flight Software

	1.2a.2.4.6.2.x = 1
	Electrical Power Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Electrical Power Subsystem)

	1.2a.2.4.6.2.1.1
	Requirements Analysis

	1.2a.2.4.6.2.1.2
	Design

	1.2a.2.4.6.2.1.3
	Coding and Design Entity Testing

	1.2a.2.4.6.2.1.4
	Design Entity Integration and Test

	1.2a.2.4.6.2.1.5
	Configuration Item Testing

	1.2a.2.4.6.2.x = 2
	Electrical Power Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Electrical Power Subsystem)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.2.4.6.2.x+1=3
	Electrical Power Subsystem Flight Software Glue Code

	1.2a.2.4.6.3
	Electrical Power Subsystem Commercial Off the Shelf (COTS) Flight Software 

	1.2a.2.4.6.4
	Electrical Power Subsystem Other Flight Software Costs

	1.2a.2.4.7
	Electrical Power Subsystem Support Equipment

	1.2a.2.4.8
	Electrical Power Subsystem Other Costs

	1.2a.2.5
	Attitude Control Subsystem

	1.2a.2.5.1
	Attitude Control Subsystem SEIT/PM

	1.2a.2.5.1.1
	System Engineering

	1.2a.2.5.1.2
	Integration and Test

	1.2a.2.5.1.3
	Program Management

	1.2a.2.5.2
	Attitude Determination

	1.2a.2.5.2.1
	Integration and Test

	1.2a.2.5.2.2
	Attitude Reference

	1.2a.2.5.2.2.1
	Integration and Test

	1.2a.2.5.2.2.2
	Star Trackers/Sensors

	1.2a.2.5.2.2.3
	Earth (Horizon) Sensors

	1.2a.2.5.2.2.4
	Sun Sensors

	1.2a.2.5.2.2.5
	Magnetometers

	1.2a.2.5.2.3
	Inertial Reference

	1.2a.2.5.2.3.1
	Integration and Test

	1.2a.2.5.2.3.2
	Inertial Reference Unit

	1.2a.2.5.2.3.3
	Rate Gyro’s

	1.2a.2.5.2.3.4
	Accelerometers

	1.2a.2.5.2.4
	Bearing and Power Transfer Assembly (BAPTA)

	
	GPS Receiver (See TT&C 1.2a.2.7.3.8)

	1.2a.2.5.3
	Attitude Control

	1.2a.2.5.3.1
	Integration and Test

	1.2a.2.5.3.2
	Gyro Stabilization Devices

	1.2a.2.5.3.2.1
	Integration and Test

	1.2a.2.5.3.2.2
	Reaction Wheels

	1.2a.2.5.3.2.3
	Momentum Wheels

	1.2a.2.5.3.2.4
	Control Moment Gyro’s

	1.2a.2.5.3.2.5
	Energy Storage Devices (Flywheels)

	1.2a.2.5.3.3
	Magnetic Control Devices

	1.2a.2.5.3.4
	Spin Control Devices

	1.2a.2.5.3.5
	Control Electronics

	
	Reaction Control Propulsion (see Propulsion)

	1.2a.2.5.4
	Attitude Control Subsystem Flight Software

	1.2a.2.5.4.1
	Attitude Control Subsystem Flight Software SEIT/PM

	1.2a.2.5.4.1.1
	System Engineering

	1.2a.2.5.4.1.2
	Integration and Test

	1.2a.2.5.4.1.3
	Program Management

	1.2a.2.5.4.1.4
	Algorithm Development

	1.2a.2.5.4.2
	Attitude Control Subsystem Custom Flight Software

	1.2a.2.5.4.2.x = 1
	Attitude Control Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Attitude Control Subsystem)

	1.2a.2.5.4.2.1.1
	Requirements Analysis

	1.2a.2.5.4.2.1.2
	Design

	1.2a.2.5.4.2.1.3
	Coding and Design Entity Testing

	1.2a.2.5.4.2.1.4
	Design Entity Integration and Test

	1.2a.2.5.4.2.1.5
	Configuration Item Testing

	1.2a.2.5.4.2.x = 2
	Attitude Control Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Attitude Control Subsystem)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.2.5.4.2.x+1=3
	Attitude Control Subsystem Flight Software Glue Code

	1.2a.2.5.4.3
	Attitude Control Subsystem Commercial Off the Shelf (COTS) Flight Software 

	1.2a.2.5.4.4
	Attitude Control Subsystem Other Flight Software Costs

	1.2a.2.5.5
	Attitude Control Subsystem Support Equipment

	1.2a.2.5.6
	Attitude Control Subsystem Other Costs

	1.2a.2.6
	Propulsion Subsystem

	1.2a.2.6.1
	Propulsion Subsystem SEIT/PM

	1.2a.2.6.1.1
	System Engineering

	1.2a.2.6.1.2
	Integration and Test

	1.2a.2.6.1.3
	Program Management

	1.2a.2.6.2
	Tanks

	1.2a.2.6.2.1
	Integration and Test

	1.2a.2.6.2.2
	Oxidizer Tanks

	1.2a.2.6.2.3
	Fuel Tanks

	1.2a.2.6.2.4
	Monopropellant Tanks

	1.2a.2.6.2.5
	Pressurant Tanks

	1.2a.2.6.3
	Plumbing

	1.2a.2.6.3.1
	Integration and Test

	1.2a.2.6.3.2
	Fluid Lines & Manifolds

	1.2a.2.6.3.3
	Valves

	1.2a.2.6.3.4
	Regulators

	1.2a.2.6.3.5
	Flowmeters, Transducers

	1.2a.2.6.3.6
	Filters

	1.2a.2.6.4
	Thrusters

	1.2a.2.6.4.1
	Integration and Test

	1.2a.2.6.4.2
	Bipropellant

	1.2a.2.6.4.3
	Monopropellant

	1.2a.2.6.4.4
	Electric

	1.2a.2.6.4.5
	Cold-gas

	1.2a.2.6.5
	Solid Rocket Motors

	1.2a.2.6.5.1
	Integration and Test

	1.2a.2.6.5.2
	Apogee Kick Motor

	1.2a.2.6.5.3
	Service Rockets

	1.2a.2.6.5.3.1
	Integration and Test

	1.2a.2.6.5.3.2
	Separation Motors

	1.2a.2.6.5.3.3
	Spin Rockets

	1.2a.2.6.5.4
	Solid Propellants

	1.2a.2.6.6
	Liquid Propellants

	1.2a.2.6.7
	Propulsion Subsystem Support Equipment

	
	Electronics (See ACS)

	1.2a.2.6.8
	Propulsion Subsystem Other Costs

	1.2a.2.7
	Telemetry, Tracking, and Command Subsystem

	1.2a.2.7.1
	Telemetry, Tracking, and Command Subsystem SEIT/PM

	1.2a.2.7.1.1
	System Engineering

	1.2a.2.7.1.2
	Integration and Test

	1.2a.2.7.1.3
	Program Management

	1.2a.2.7.2
	Passive RF Components

	1.2a.2.7.2.1
	Integration and Test

	1.2a.2.7.2.2
	Antennas

	1.2a.2.7.2.2.1
	Integration and Test

	1.2a.2.7.2.2.2
	Omni

	1.2a.2.7.2.2.3
	Spiral

	1.2a.2.7.2.2.4
	Horn

	1.2a.2.7.2.2.5
	Patch

	1.2a.2.7.2.3
	RF Plumbing

	1.2a.2.7.2.3.1
	Integration and Test

	1.2a.2.7.2.3.2
	Diplexers

	1.2a.2.7.2.3.3
	Triplexers

	1.2a.2.7.2.3.4
	Multiplexers

	1.2a.2.7.2.3.5
	Multicouplers

	1.2a.2.7.2.3.6
	Coaxial Switches

	1.2a.2.7.2.3.7
	RF Switches

	1.2a.2.7.2.3.8
	Filters

	1.2a.2.7.2.3.9
	Waveguide

	1.2a.2.7.2.3.10
	Harnesses and Cables

	1.2a.2.7.3
	Other RF

	1.2a.2.7.3.1
	Integration and Test

	1.2a.2.7.3.2
	Receivers

	1.2a.2.7.3.3
	Transmitters

	1.2a.2.7.3.4
	Transponders

	1.2a.2.7.3.5
	Modulators

	1.2a.2.7.3.6
	Demodulators

	1.2a.2.7.3.7
	Power Amplifiers

	1.2a.2.7.3.7.1
	Traveling Wave Tube Assembly (TWTA)

	1.2a.2.7.3.7.2
	Solid State Power Amplifiers

	1.2a.2.7.3.8
	GPS Receivers

	1.2a.2.7.3.9
	Downconverters

	1.2a.2.7.3.10
	Upconverters

	1.2a.2.7.4
	Other Electronics

	1.2a.2.7.4.1
	Integration and Test

	1.2a.2.7.4.2
	Processors

	1.2a.2.7.4.3
	Solid State Memory

	1.2a.2.7.4.4
	Decoders

	1.2a.2.7.4.5
	Command Units

	1.2a.2.7.4.6
	Telemetry Units

	1.2a.2.7.4.7
	Command Sequencers

	1.2a.2.7.4.8
	Timing Units

	1.2a.2.7.4.9
	Frequency Generators

	1.2a.2.7.4.10
	Signal Conditioners

	1.2a.2.7.4.11
	Data Switches

	1.2a.2.7.4.12
	COMSEC

	1.2a.2.7.4.13
	Interface Units

	1.2a.2.7.4.14
	Tape Recorders

	1.2a.2.7.4.15
	Disk Recorders 

	1.2a.2.7.5
	Telemetry, Tracking, and Command Subsystem Flight Software

	1.2a.2.7.5.1
	Telemetry, Tracking, and Command Subsystem Flight Software SEIT/PM

	1.2a.2.7.5.1.1
	System Engineering

	1.2a.2.7.5.1.2
	Integration and Test

	1.2a.2.7.5.1.3
	Program Management

	1.2a.2.7.5.1.4
	Algorithm Development

	1.2a.2.7.5.2
	Telemetry, Tracking, and Command Subsystem Custom Flight Software

	1.2a.2.7.5.2.x = 1
	Telemetry, Tracking, and Command Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Telemetry, Tracking, and Command Subsystem)

	1.2a.2.7.5.2.1.1
	Requirements Analysis

	1.2a.2.7.5.2.1.2
	Design

	1.2a.2.7.5.2.1.3
	Coding and Design Entity Testing

	1.2a.2.7.5.2.1.4
	Design Entity Integration and Test

	1.2a.2.7.5.2.1.5
	Configuration Item Testing

	1.2a.2.7.5.2.x = 2
	Telemetry, Tracking, and Command Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Telemetry, Tracking, and Command Subsystem)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.2.7.5.2.x+1=3
	Telemetry, Tracking, and Command Subsystem Flight Software Glue Code

	1.2a.2.7.5.3
	Telemetry, Tracking, and Command Subsystem Commercial Off the Shelf (COTS) Flight Software 

	1.2a.2.7.5.4
	Telemetry, Tracking, and Command Subsystem Other Flight Software Costs

	1.2a.2.7.6
	Telemetry, Tracking, and Command Subsystem Support Equipment

	1.2a.2.7.7
	Telemetry, Tracking, and Command Subsystem Other Costs

	1.2a.2.8
	Spacecraft Bus Flight Software

	1.2a.2.8.1
	Spacecraft Bus Flight Software SEIT/PM

	1.2a.2.8.1.1
	System Engineering

	1.2a.2.8.1.2
	Integration and Test

	1.2a.2.8.1.3
	Program Management

	1.2a.2.8.1.4
	Algorithm Development

	1.2a.2.8.n = 2
	Spacecraft Bus Flight Software First Flight Function (n = 2 which is the first Spacecraft Bus software flight function)

	1.2a.2.8.2.1
	Spacecraft Bus Flight Software First Flight Function SEIT/PM

	1.2a.2.8.2.1.1
	System Engineering

	1.2a.2.8.2.1.2
	Integration and Test

	1.2a.2.8.2.1.3
	Program Management

	1.2a.2.8.2.1.4
	Algorithm Development

	1.2a.2.8.2.2
	Spacecraft Bus Flight Software First Flight Function Custom Software

	1.2a.2.8.2.2.x = 1
	Spacecraft Bus Flight Software First Flight Function Configuration Item one (x = 1 which is the first software configuration item for the first Spacecraft Bus Software flight function)

	1.2a.2.8.2.2.1.1
	Requirements Analysis

	1.2a.2.8.2.2.1.2
	Design

	1.2a.2.8.2.2.1.3
	Coding and Design Entity Testing

	1.2a.2.8.2.2.1.4
	Design Entity Integration and Test

	1.2a.2.8.2.2.1.5
	Configuration Item Testing

	1.2a.2.8.2.2.x = 2
	Spacecraft Bus Flight Software First Flight Function Configuration Item two (x = 2 which is the second software configuration item for the first Spacecraft Bus flight function)

	
	(See the WBS breakout for the first flight function first software configuration item)

	1.2a.2.8.2.2.x+1 = 3
	Spacecraft Bus Flight Software First Flight Function Glue Code

	1.2a.2.8.2.3
	Spacecraft Bus Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 

	1.2a.2.8.2.4
	Spacecraft Bus Flight Software First Flight Function Other Software Costs

	1.2a.2.8.n = 3
	Spacecraft Bus Flight Software Second Flight Function (n = 3 which is the second Spacecraft Bus software flight function)

	
	(See the WBS breakout for the first software flight function)

	1.2a.2.8.n+1 = 4
	Spacecraft Bus Flight Software Other Costs

	1.2a.2.9
	Spacecraft Bus Support Equipment

	1.2a.3
	Communication / Payload

	1.2a.3.1
	Communication / Payload SEIT/PM

	1.2a.3.1.1
	System Engineering

	1.2a.3.1.2
	Integration & Test

	1.2a.3.1.3
	Program Management

	1.2a.3.1.4
	Data

	1.2a.3.1.5
	Training

	1.2a.3.2
	Communication

	1.2a.3.2.1
	Communication SEIT/PM

	1.2a.3.2.1.1
	System Engineering

	1.2a.3.2.1.2
	Integration & Test

	1.2a.3.2.1.3
	Program Management

	1.2a.3.2.1.4
	Data

	1.2a.3.2.1.5
	Training

	1.2a.3.2.n = 2
	Communication #1 (n = 2 or the First Communication suite in a Spacecraft multiple Communication suite configuration)

	1.2a.3.2.2.1
	Communication #1 SEIT/PM

	1.2a.3.2.2.1.1
	System Engineering

	1.2a.3.2.2.1.2
	Integration & Test

	1.2a.3.2.2.1.3
	Program Management

	1.2a.3.2.2.1.4
	Data

	1.2a.3.2.2.1.5
	Training

	1.2a.3.2.2.2
	Communication #1 Structures & Mechanisms

	1.2a.3.2.2.2.1
	Communication #1 Structures & Mechanisms SEIT/PM

	1.2a.3.2.2.2.1.1
	System Engineering

	1.2a.3.2.2.2.1.2
	Integration and Test

	1.2a.3.2.2.2.1.3
	Program Management

	1.2a.3.2.2.2.2
	Structures

	1.2a.3.2.2.2.2.1
	Integration and Test

	1.2a.3.2.2.2.2.2
	Primary Structures

	1.2a.3.2.2.2.2.2.1
	Integration and Test

	1.2a.3.2.2.2.2.2.2
	Load Carrying Shell/Truss

	1.2a.3.2.2.2.2.2.3
	Equipment Compartments

	1.2a.3.2.2.2.2.2.4
	Booms

	1.2a.3.2.2.2.2.2.5
	Adapters

	1.2a.3.2.2.2.2.3
	Secondary Structures

	1.2a.3.2.2.2.2.3.1
	Integration and Test

	1.2a.3.2.2.2.2.3.2
	Equipment Mounting

	1.2a.3.2.2.2.2.3.3
	Ballast Weight

	1.2a.3.2.2.2.3
	Mechanisms

	1.2a.3.2.2.2.3.1
	Integration and Test

	1.2a.3.2.2.2.3.2
	Positioning 

	1.2a.3.2.2.2.3.3
	Deployment & Stowage Equipment

	1.2a.3.2.2.2.4
	Structures with Thermal Control

	1.2a.3.2.2.2.5
	Pyrotechnics

	1.2a.3.2.2.2.5.1
	Integration and Test

	1.2a.3.2.2.2.5.2
	Initiator Squibs

	1.2a.3.2.2.2.5.3
	Ordnance Separation Units

	1.2a.3.2.2.2.6
	Communication #1 Structures & Mechanisms Support Equipment

	1.2a.3.2.2.2.7
	Communication #1 Structures & Mechanisms Other Costs

	1.2a.3.2.2.3
	Communication #1 Thermal Control

	1.2a.3.2.2.3.1
	Communication #1 Thermal Control SEIT/PM

	1.2a.3.2.2.3.1.1
	System Engineering

	1.2a.3.2.2.3.1.2
	Integration and Test

	1.2a.3.2.2.3.1.3
	Program Management

	1.2a.3.2.2.3.2
	Active Devices

	1.2a.3.2.2.3.2.1
	Integration & Test

	1.2a.3.2.2.3.2.2
	Cryogenic Devices

	1.2a.3.2.2.3.2.3
	Liquid Loops

	1.2a.3.2.2.3.2.4
	Electric Cooling (Thermoelectric)

	1.2a.3.2.2.3.2.5
	Electric Heaters Thermisters & Thermostats

	1.2a.3.2.2.3.2.6
	Shutters

	1.2a.3.2.2.3.3
	Passive Devices

	1.2a.3.2.2.3.3.1
	Integration & Test

	1.2a.3.2.2.3.3.2
	Radiator Panels/Fins

	1.2a.3.2.2.3.3.3
	Coatings

	1.2a.3.2.2.3.3.4
	Heat Pipes

	1.2a.3.2.2.3.3.5
	Insulation

	1.2a.3.2.2.3.3.6
	Conductive Structures

	1.2a.3.2.2.3.3.7
	Louvers

	1.2a.3.2.2.3.3.8
	Sun Shields

	1.2a.3.2.2.3.3.9
	Second Surface Mirrors

	
	Embedded Thermal (See Structures & Mechanisms – 1.2a.3.2.2.2.4)

	1.2a.3.2.2.3.4
	Communication #1 Thermal Control Flight Software

	1.2a.3.2.2.3.4.1


	Communication #1 Thermal Control Flight Software SEIT/PM

	1.2a.3.2.2.3.4.1.1
	System Engineering

	1.2a.3.2.2.3.4.1.2
	Integration and Test

	1.2a.3.2.2.3.4.1.3
	Program Management

	1.2a.3.2.2.3.4.1.4
	Algorithm Development

	1.2a.3.2.2.3.4.2
	Communication #1 Thermal Control Custom Flight Software

	1.2a.3.2.2.3.4.2.x = 1


	Communication #1 Thermal Control Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Thermal Control Flight Software)

	1.2a.3.2.2.3.4.2.1.1
	Requirements Analysis

	1.2a.3.2.2.3.4.2.1.2
	Design

	1.2a.3.2.2.3.4.2.1.3
	Coding and Design Entity Testing

	1.2a.3.2.2.3.4.2.1.4
	Design Entity Integration and Test

	1.2a.3.2.2.3.4.2.1.5
	Configuration Item Testing

	1.2a.3.2.2.3.4.2.x = 2
	Communication #1 Thermal Control Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Thermal Control Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.2.2.3.4.2.x+1=3
	Communication #1 Thermal Control Flight Software Glue Code

	1.2a.3.2.2.3.4.3
	Communication #1 Thermal Control Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.2.2.3.4.4
	Communication #1 Thermal Control Flight Software Other Costs

	1.2a.3.2.2.3.5
	Communication #1 Thermal Control Support Equipment

	1.2a.3.2.2.3.6
	Communication #1 Thermal Control Other Costs

	1.2a.3.2.2.4
	Communication #1 Optics 

	1.2a.3.2.2.4.1
	Communication #1 Optics SEIT/PM

	1.2a.3.2.2.4.1.1
	System Engineering

	1.2a.3.2.2.4.1.2
	Integration and Test

	1.2a.3.2.2.4.1.3
	Program Management

	1.2a.3.2.2.4.1.4
	Data

	1.2a.3.2.2.4.1.5
	Training

	1.2a.3.2.2.4.2
	Structure

	1.2a.3.2.2.4.2.1
	Integration and Test

	1.2a.3.2.2.4.2.2
	Support Structure

	1.2a.3.2.2.4.2.3
	Barrels

	1.2a.3.2.2.4.2.4
	Thermal Doors

	1.2a.3.2.2.4.2.5
	Mechanisms

	1.2a.3.2.2.4.3
	Thermal Control

	1.2a.3.2.2.4.4
	Fore Optics

	1.2a.3.2.2.4.4.1
	Integration and Test

	1.2a.3.2.2.4.4.2
	Primary Mirror

	1.2a.3.2.2.4.4.3
	Secondary Mirror(s)

	1.2a.3.2.2.4.4.4
	Tertiary Optics

	1.2a.3.2.2.4.5
	Aft Optics

	1.2a.3.2.2.4.6
	Alignment Sensors / Calibration

	1.2a.3.2.2.4.7
	Communication #1 Optics Flight Software

	1.2a.3.2.2.4.7.1


	Communication #1 Optics Flight Software SEIT/PM

	1.2a.3.2.2.4.7.1.1
	System Engineering

	1.2a.3.2.2.4.7.1.2
	Integration and Test

	1.2a.3.2.2.4.7.1.3
	Program Management

	1.2a.3.2.2.4.7.1.4
	Algorithm Development

	1.2a.3.2.2.4.7.2
	Communication #1 Optics Custom Flight Software

	1.2a.3.2.2.4.7.2.x = 1


	Communication #1 Optics Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Optics Flight Software)

	1.2a.3.2.2.4.7.2.1.1
	Requirements Analysis

	1.2a.3.2.2.4.7.2.1.2
	Design

	1.2a.3.2.2.4.7.2.1.3
	Coding and Design Entity Testing

	1.2a.3.2.2.4.7.2.1.4
	Design Entity Integration and Test

	1.2a.3.2.2.4.7.2.1.5
	Configuration Item Testing

	1.2a.3.2.2.4.7.2.x = 2
	Communication #1 Optics Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Optics Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.2.2.4.7.2.x+1=3
	Communication #1 Optics Flight Software Glue Code

	1.2a.3.2.2.4.7.3
	Communication #1 Optics Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.2.2.4.7.4
	Communication #1 Optics Flight Software Other Costs

	1.2a.3.2.2.4.8
	Communication #1 Optics Support Equipment

	1.2a.3.2.2.4.9
	Communication #1 Optics Other Costs

	1.2a.3.2.2.5
	Communication #1 Sensor

	1.2a.3.2.2.5.1
	Communication #1 Sensor SEIT/PM

	1.2a.3.2.2.5.1.1
	System Engineering

	1.2a.3.2.2.5.1.2
	Integration and Test

	1.2a.3.2.2.5.1.3
	Program Management

	1.2a.3.2.2.5.1.4
	Data

	1.2a.3.2.2.5.1.5
	Training

	1.2a.3.2.2.5.2
	Enclosure

	1.2a.3.2.2.5.3
	Thermal

	1.2a.3.2.2.5.4
	Focal Plane

	1.2a.3.2.2.5.5
	Optics

	1.2a.3.2.2.5.6
	Electronics

	1.2a.3.2.2.5.7
	Communication #1 Sensor Flight Software

	1.2a.3.2.2.5.7.1


	Communication #1 Sensor Flight Software SEIT/PM

	1.2a.3.2.2.5.7.1.1
	System Engineering

	1.2a.3.2.2.5.7.1.2
	Integration and Test

	1.2a.3.2.2.5.7.1.3
	Program Management

	1.2a.3.2.2.5.7.1.4
	Algorithm Development

	1.2a.3.2.2.5.7.2
	Communication #1 Sensor Custom Flight Software

	1.2a.3.2.2.5.7.2.x = 1


	Communication #1 Sensor Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Sensor Flight Software)

	1.2a.3.2.2.5.7.2.1.1
	Requirements Analysis

	1.2a.3.2.2.5.7.2.1.2
	Design

	1.2a.3.2.2.5.7.2.1.3
	Coding and Design Entity Testing

	1.2a.3.2.2.5.7.2.1.4
	Design Entity Integration and Test

	1.2a.3.2.2.5.7.2.1.5
	Configuration Item Testing

	1.2a.3.2.2.5.7.2.x = 2
	Communication #1 Sensor Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Sensor Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.2.2.5.7.2.x+1=3
	Communication #1 Sensor Flight Software Glue Code

	1.2a.3.2.2.5.7.3
	Communication #1 Sensor Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.2.2.5.7.4
	Communication #1 Sensor Flight Software Other Costs

	1.2a.3.2.2.5.8
	Communication #1 Sensor Calibration

	1.2a.3.2.2.5.9
	Communication #1 Sensor Support Equipment

	1.2a.3.2.2.5.10
	Communication #1 Sensor Other Costs

	1.2a.3.2.2.6
	Communication #1 Laser Photonics

	1.2a.3.2.2.7
	Communication #1 Power Supplies

	1.2a.3.2.2.8
	Communication #1 RF / Analog Electronics

	1.2a.3.2.2.8.1
	Integration and Test

	1.2a.3.2.2.8.2
	RF Plumbing

	1.2a.3.2.2.8.2.1
	Integration and Test

	1.2a.3.2.2.8.2.2
	Multicouplers

	1.2a.3.2.2.8.2.3
	Diplexers

	1.2a.3.2.2.8.2.4
	Triplexers

	1.2a.3.2.2.8.2.5
	Multiplexers

	1.2a.3.2.2.8.2.6
	Demultiplexers

	1.2a.3.2.2.8.2.7
	Coaxial Switch

	1.2a.3.2.2.8.2.8
	RF Switch

	1.2a.3.2.2.8.2.9
	Filters

	1.2a.3.2.2.8.2.10
	Waveguide

	1.2a.3.2.2.8.2.11
	Harnesses and Cables

	1.2a.3.2.2.8.3
	Receivers

	1.2a.3.2.2.8.4
	Transmitters

	1.2a.3.2.2.8.5
	Transponders

	1.2a.3.2.2.8.6
	Modulators

	1.2a.3.2.2.8.7
	Demodulators

	1.2a.3.2.2.8.8
	Power Amplifiers

	1.2a.3.2.2.8.8.1
	Traveling Wave Tube Assembly (TWTA)

	1.2a.3.2.2.8.8.2
	Solid State Power Amplifiers

	1.2a.3.2.2.8.9
	Downconverters

	1.2a.3.2.2.8.10
	Upconverters

	
	GPS (See TT&C 1.2a.2.7.3.8)

	1.2a.3.2.2.8.11
	Timing Units

	1.2a.3.2.2.8.12
	Frequency Generators

	1.2a.3.2.2.8.13
	Signal Conditioners

	1.2a.3.2.2.8.14
	Data Switches

	1.2a.3.2.2.8.15
	COMSEC

	1.2a.3.2.2.8.16
	Interface Units

	1.2a.3.2.2.8.17
	Tape Recorders

	1.2a.3.2.2.8.18
	Disk Recorders

	1.2a.3.2.2.8.19
	Communication #1 Miscellaneous RF / Analog Electronic Equipment

	1.2a.3.2.2.9
	Communication #1 Digital Electronics

	1.2a.3.2.2.9.1
	Integration and Test

	1.2a.3.2.2.9.2
	Processors

	1.2a.3.2.2.9.3
	Solid State Memory

	1.2a.3.2.2.9.4
	Decoders

	1.2a.3.2.2.9.5
	Analog / Digital Converters

	1.2a.3.2.2.9.6
	COMSEC

	1.2a.3.2.2.9.7
	Modulators

	1.2a.3.2.2.9.8
	Demodulators

	1.2a.3.2.2.9.9
	Multiplexers

	1.2a.3.2.2.9.10
	Demultiplexers

	1.2a.3.2.2.9.11
	Communication #1 Miscellaneous Digital Electronic Equipment

	1.2a.3.2.2.10
	Communication #1 Data Storage

	1.2a.3.2.2.11a
	Communication #1 First Antenna (a = the first antenna in a multiple antenna configuration; b = the second antenna…)

	1.2a.3.2.2.11a.1
	Communication #1 Antenna SEIT/PM

	1.2a.3.2.2.11a.1.1
	System Engineering

	1.2a.3.2.2.11a.1.2
	Integration and Test

	1.2a.3.2.2.11a.1.3
	Program Management

	1.2a.3.2.2.11a.2
	Antenna Feeds

	1.2a.3.2.2.11a.3
	Antenna Reflectors

	1.2a.3.2.2.11a.4
	Antenna Arrays

	1.2a.3.2.2.11a.5
	Antenna Support Structure & Mechanisms

	1.2a.3.2.2.11a.6
	Communication #1 Antenna Support Equipment

	1.2a.3.2.2.11a.7
	Communication #1 Antenna Miscellaneous Antenna Equipment

	1.2a.3.2.2.11b
	Communication #1 Second Antenna  (b = the second antenna in a multiple antenna configuration)

	
	(See the WBS breakout for the first Antenna configuration)

	1.2a.3.2.2.12
	Communication #1 Flight Software

	1.2a.3.2.2.12.1
	Communication #1 Flight Software SEIT/PM

	1.2a.3.2.2.12.1.1
	System Engineering

	1.2a.3.2.2.12.1.2
	Integration and Test

	1.2a.3.2.2.12.1.3
	Program Management

	1.2a.3.2.2.12.1.4
	Algorithm Development

	1.2a.3.2.2.12.x = 2
	Communication #1 Flight Software First Flight Function (x = 2 which is the first Communication #1 software flight function)

	1.2a.3.2.2.12.2.1
	Communication #1 Flight Software First Flight Function SEIT/PM

	1.2a.3.2.2.12.2.1.1
	System Engineering

	1.2a.3.2.2.12.2.1.2
	Integration and Test

	1.2a.3.2.2.12.2.1.3
	Program Management

	1.2a.3.2.2.12.2.1.4
	Algorithm Development

	1.2a.3.2.2.12.2.2
	Custom Software

	1.2a.3.2.2.12.2.2.y = 1
	Communication #1 Flight Software First Flight Function Configuration Item one (y = 1 which is the first software configuration item for the first Communication #1 Software flight function)

	1.2a.3.2.2.12.2.2.1.1
	Requirements Analysis

	1.2a.3.2.2.12.2.2.1.2
	Design

	1.2a.3.2.2.12.2.2.1.3
	Coding and Design Entity Testing

	1.2a.3.2.2.12.2.2.1.4
	Design Entity Integration and Test

	1.2a.3.2.2.12.2.2.1.5
	Configuration Item Testing

	1.2a.3.2.2.12.2.2.y = 2
	Communication #1 Flight Software First Flight Function Configuration Item two (y = 2 which is the second software configuration item for the first Communication #1 flight function)

	
	(See the WBS breakout for the first flight function first software configuration item)

	1.2a.3.2.2.12.2.2.y+1 = 3
	Communication #1 Flight Software First Flight Function Glue Code

	1.2a.3.2.2.12.2.3
	Communication #1 Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 

	1.2a.3.2.2.12.2.4
	Communication #1 Flight Software First Flight Function Other Software Costs

	1.2a.3.2.2.12.x = 3
	Communication #1 Flight Software Second Flight Function (x = 3 which is the second Communication #1 software flight function)

	
	(See the WBS breakout for the first software flight function)

	1.2a.3.2.2.12.x+1 = 4
	Communication #1 Flight Software Other Costs

	1.2a.3.2.2.13
	Communication #1 Support Equipment

	1.2a.3.2.2.14
	Communication #1 Other Costs

	1.2a.3.2.n=3
	Communication #2 (n =3 or the second Communication suite in a Spacecraft multiple Communication suite configuration)

	
	(See the WBS breakout for the first Communication Package)

	1.2a.3.3
	Payload

	1.2a.3.3.1
	Payload SEIT/PM

	1.2a.3.3.1.1
	System Engineering

	1.2a.3.3.1.2
	Integration & Test

	1.2a.3.3.1.3
	Program Management

	1.2a.3.3.1.4
	Data

	1.2a.3.3.1.5
	Training

	1.2a.3.3.n=2
	Payload #1 (n = 2 or the First Payload in a Spacecraft multiple Payload configuration)

	1.2a.3.3.2.1
	Payload #1 SEIT/PM

	1.2a.3.3.2.1.1
	System Engineering

	1.2a.3.3.2.1.2
	Integration & Test

	1.2a.3.3.2.1.3
	Program Management

	1.2a.3.3.2.1.4
	Data

	1.2a.3.3.2.1.5
	Training

	1.2a.3.3.2.2
	Payload #1 Structures & Mechanisms

	1.2a.3.3.2.2.1
	Payload #1 Structures & Mechanisms SEIT/PM

	1.2a.3.3.2.2.1.1
	System Engineering

	1.2a.3.3.2.2.1.2
	Integration and Test

	1.2a.3.3.2.2.1.3
	Program Management

	1.2a.3.3.2.2.2
	Structures

	1.2a.3.3.2.2.2.1
	Integration and Test

	1.2a.3.3.2.2.2.2
	Primary Structures

	1.2a.3.3.2.2.2.2.1
	Integration and Test

	1.2a.3.3.2.2.2.2.2
	Load Carrying Shell/Truss

	1.2a.3.3.2.2.2.2.3
	Equipment Compartments

	1.2a.3.3.2.2.2.2.4
	Booms

	1.2a.3.3.2.2.2.2.5
	Adapters

	1.2a.3.3.2.2.2.3
	Secondary Structures

	1.2a.3.3.2.2.2.3.1
	Integration and Test

	1.2a.3.3.2.2.2.3.2
	Equipment Mounting

	1.2a.3.3.2.2.2.3.3
	Ballast Weight

	1.2a.3.3.2.2.3
	Mechanisms

	1.2a.3.3.2.2.3.1
	Integration and Test

	1.2a.3.3.2.2.3.2
	Positioning 

	1.2a.3.3.2.2.3.3
	Deployment & Stowage Equipment

	1.2a.3.3.2.2.4
	Structures with Thermal Control

	1.2a.3.3.2.2.5
	Pyrotechnics

	1.2a.3.3.2.2.5.1
	Integration and Test

	1.2a.3.3.2.2.5.2
	Initiator Squibs

	1.2a.3.3.2.2.5.3
	Ordnance separation Units

	1.2a.3.3.2.2.6
	Payload #1 Structures & Mechanisms Support Equipment

	1.2a.3.3.2.2.7
	Payload #1 Structures & Mechanisms Other Costs

	1.2a.3.3.2.3
	Payload #1 Thermal Control

	1.2a.3.3.2.3.1
	Payload #1 Thermal Control SEIT/PM

	1.2a.3.3.2.3.1.1
	System Engineering

	1.2a.3.3.2.3.1.2
	Integration and Test

	1.2a.3.3.2.3.1.3
	Program Management

	1.2a.3.3.2.3.2
	Active Devices

	1.2a.3.3.2.3.2.1
	Integration & Test

	1.2a.3.3.2.3.2.2
	Cryogenic Devices

	1.2a.3.3.2.3.2.3
	Liquid Loops

	1.2a.3.3.2.3.2.4
	Electric Cooling (Thermoelectric)

	1.2a.3.3.2.3.2.5
	Electric Heaters Thermisters & Thermostats

	1.2a.3.3.2.3.2.6
	Shutters

	1.2a.3.3.2.3.3
	Passive Devices

	1.2a.3.3.2.3.3.1
	Integration & Test

	1.2a.3.3.2.3.3.2
	Radiator Panels/Fins

	1.2a.3.3.2.3.3.3
	Coatings

	1.2a.3.3.2.3.3.4
	Heat Pipes

	1.2a.3.3.2.3.3.5
	Insulation

	1.2a.3.3.2.3.3.6
	Conductive Structures

	1.2a.3.3.2.3.3.7
	Louvers

	1.2a.3.3.2.3.3.8
	Sun Shields

	1.2a.3.3.2.3.3.9
	Second Surface Mirrors

	
	Embedded Thermal (See Structures & Mechanisms – 1.2a.3.3.2.2.4)

	1.2a.3.3.2.3.4
	Payload #1 Thermal Control Flight Software

	1.2a.3.3.2.3.4.1


	Payload #1 Thermal Control Flight Software SEIT/PM

	1.2a.3.3.2.3.4.1.1
	System Engineering

	1.2a.3.3.2.3.4.1.2
	Integration and Test

	1.2a.3.3.2.3.4.1.3
	Program Management

	1.2a.3.3.2.3.4.1.4
	Algorithm Development

	1.2a.3.3.2.3.4.2
	Payload #1 Thermal Control Custom Flight Software

	1.2a.3.3.2.3.4.2.x = 1


	Payload #1 Thermal Control Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Thermal Control Flight Software)

	1.2a.3.3.2.3.4.2.1.1
	Requirements Analysis

	1.2a.3.3.2.3.4.2.1.2
	Design

	1.2a.3.3.2.3.4.2.1.3
	Coding and Design Entity Testing

	1.2a.3.3.2.3.4.2.1.4
	Design Entity Integration and Test

	1.2a.3.3.2.3.4.2.1.5
	Configuration Item Testing

	1.2a.3.3.2.3.4.2.x = 2
	Payload #1 Thermal Control Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Thermal Control Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.3.2.3.4.2.x+1=3
	Payload #1 Thermal Control Flight Software Glue Code

	1.2a.3.3.2.3.4.3
	Payload #1 Thermal Control Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.3.2.3.4.4
	Payload #1 Thermal Control Flight Software Other Costs

	1.2a.3.3.2.3.5
	Payload #1 Thermal Control Support Equipment

	1.2a.3.3.2.3.6
	Payload #1 Thermal Control Other Costs

	1.2a.3.3.2.4
	Payload #1 Optics

	1.2a.3.3.2.4.1
	Payload #1 Optics SEIT/PM

	1.2a.3.3.2.4.1.1
	System Engineering

	1.2a.3.3.2.4.1.2
	Integration and Test

	1.2a.3.3.2.4.1.3
	Program Management

	1.2a.3.3.2.4.1.4
	Data

	1.2a.3.3.2.4.1.5
	Training

	1.2a.3.3.2.4.2
	Structure

	1.2a.3.3.2.4.2.1
	Integration and Test

	1.2a.3.3.2.4.2.2
	Support Structure

	1.2a.3.3.2.4.2.3
	Barrels

	1.2a.3.3.2.4.2.4
	Thermal Doors

	1.2a.3.3.2.4.2.5
	Mechanisms

	1.2a.3.3.2.4.3
	Thermal Control

	1.2a.3.3.2.4.4
	Fore Optics

	1.2a.3.3.2.4.4.1
	Integration and Test

	1.2a.3.3.2.4.4.2
	Primary Mirror

	1.2a.3.3.2.4.4.3
	Secondary Mirror(s)

	1.2a.3.3.2.4.4.4
	Tertiary Optics

	1.2a.3.3.2.4.5
	Aft Optics

	1.2a.3.3.2.4.6
	Alignment Sensors / Calibration

	1.2a.3.3.2.4.7
	Payload #1 Optics Flight Software

	1.2a.3.3.2.4.7.1


	Payload #1 Optics Flight Software SEIT/PM

	1.2a.3.3.2.4.7.1.1
	System Engineering

	1.2a.3.3.2.4.7.1.2
	Integration and Test

	1.2a.3.3.2.4.7.1.3
	Program Management

	1.2a.3.3.2.4.7.1.4
	Algorithm Development

	1.2a.3.3.2.4.7.2
	Payload #1 Optics Custom Flight Software

	1.2a.3.3.2.4.7.2.x = 1


	Payload #1 Optics Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Optics Flight Software)

	1.2a.3.3.2.4.7.2.1.1
	Requirements Analysis

	1.2a.3.3.2.4.7.2.1.2
	Design

	1.2a.3.3.2.4.7.2.1.3
	Coding and Design Entity Testing

	1.2a.3.3.2.4.7.2.1.4
	Design Entity Integration and Test

	1.2a.3.3.2.4.7.2.1.5
	Configuration Item Testing

	1.2a.3.3.2.4.7.2.x = 2
	Payload #1 Optics Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Optics Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.3.2.4.7.2.x+1=3
	Payload #1 Optics Flight Software Glue Code

	1.2a.3.3.2.4.7.3
	Payload #1 Optics Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.3.2.4.7.4
	Payload #1 Optics Flight Software Other Costs

	1.2a.3.3.2.4.8
	Payload #1 Optics Support Equipment

	1.2a.3.3.2.4.9
	Payload #1 Optics Other Costs

	1.2a.3.3.2.5
	Payload #1 Sensor

	1.2a.3.3.2.5.1
	Payload #1 Sensor SEIT/PM

	1.2a.3.3.2.5.1.1
	System Engineering

	1.2a.3.3.2.5.1.2
	Integration and Test

	1.2a.3.3.2.5.1.3
	Program Management

	1.2a.3.3.2.5.1.4
	Data

	1.2a.3.3.2.5.1.5
	Training

	1.2a.3.3.2.5.2
	Enclosure

	1.2a.3.3.2.5.3
	Thermal

	1.2a.3.3.2.5.4
	Focal Plane

	1.2a.3.3.2.5.5
	Optics

	1.2a.3.3.2.5.6
	Electronics

	1.2a.3.3.2.5.7
	Payload #1 Sensor Flight Software

	1.2a.3.3.2.5.7.1


	Payload #1 Sensor Flight Software SEIT/PM

	1.2a.3.3.2.5.7.1.1
	System Engineering

	1.2a.3.3.2.5.7.1.2
	Integration and Test

	1.2a.3.3.2.5.7.1.3
	Program Management

	1.2a.3.3.2.5.7.1.4
	Algorithm Development

	1.2a.3.3.2.5.7.2
	Payload #1 Sensor Custom Flight Software

	1.2a.3.3.2.5.7.2.x = 1


	Payload #1 Sensor Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Sensor Flight Software)

	1.2a.3.3.2.5.7.2.1.1
	Requirements Analysis

	1.2a.3.3.2.5.7.2.1.2
	Design

	1.2a.3.3.2.5.7.2.1.3
	Coding and Design Entity Testing

	1.2a.3.3.2.5.7.2.1.4
	Design Entity Integration and Test

	1.2a.3.3.2.5.7.2.1.5
	Configuration Item Testing

	1.2a.3.3.2.5.7.2.x = 2
	Payload #1 Sensor Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Sensor Flight Software)

	
	(See the WBS breakout for the first software configuration item)

	1.2a.3.3.2.5.7.2.x+1=3
	Payload #1 Sensor Flight Software Glue Code

	1.2a.3.3.2.5.7.3
	Payload #1 Sensor Flight Software Commercial Off the Shelf (COTS) Flight Software 

	1.2a.3.3.2.5.7.4
	Payload #1 Sensor Flight Software Other Costs

	1.2a.3.3.2.5.8
	Payload #1 Sensor Calibration

	1.2a.3.3.2.5.9
	Payload #1 Sensor Support Equipment

	1.2a.3.3.2.5.10
	Payload #1 Sensor Other Costs

	1.2a.3.3.2.6
	Payload #1 Laser

	1.2a.3.3.2.7
	Payload #1 Power Supplies

	1.2a.3.3.2.8
	Payload #1 RF / Analog Electronics

	1.2a.3.3.2.8.1
	Integration and Test

	1.2a.3.3.2.8.2
	RF Plumbing

	1.2a.3.3.2.8.2.1
	Integration and Test

	1.2a.3.3.2.8.2.2
	Multicouplers

	1.2a.3.3.2.8.2.3
	Diplexers

	1.2a.3.3.2.8.2.4
	Triplexers

	1.2a.3.3.2.8.2.5
	Multiplexers

	1.2a.3.3.2.8.2.6
	Demultiplexers

	1.2a.3.3.2.8.2.7
	Coaxial Switch

	1.2a.3.3.2.8.2.8
	RF Switch

	1.2a.3.3.2.8.2.9
	Filters

	1.2a.3.3.2.8.2.10
	Waveguide

	1.2a.3.3.2.8.2.11
	Harnesses and Cables

	1.2a.3.3.2.8.3
	Receivers

	1.2a.3.3.2.8.4
	Transmitters

	1.2a.3.3.2.8.5
	Transponders

	1.2a.3.3.2.8.6
	Modulators

	1.2a.3.3.2.8.7
	Demodulators

	1.2a.3.3.2.8.8
	Power Amplifiers

	1.2a.3.3.2.8.8.1
	Traveling Wave Tube Assembly (TWTA)

	1.2a.3.3.2.8.8.2
	Solid State Power Amplifiers

	1.2a.3.3.2.8.9
	Downconverters

	1.2a.3.3.2.8.10
	Upconverters

	
	GPS (See TT&C 1.2a.2.7.3.8)

	1.2a.3.3.2.8.11
	Timing Units

	1.2a.3.3.2.8.12
	Frequency Generators

	1.2a.3.3.2.8.13
	Signal Conditioners

	1.2a.3.3.2.8.14
	Data Switches

	1.2a.3.3.2.8.15
	COMSEC

	1.2a.3.3.2.8.16
	Interface Units

	1.2a.3.3.2.8.17
	Tape Recorders

	1.2a.3.3.2.8.18
	Disk Recorders

	1.2a.3.3.2.8.19
	Payload #1 Miscellaneous RF / Analog Electronic Equipment

	1.2a.3.3.2.9
	Payload #1 Digital Electronics

	1.2a.3.3.2.9.1
	Integration and Test

	1.2a.3.3.2.9.2
	Processors

	1.2a.3.3.2.9.3
	Solid State Memory

	1.2a.3.3.2.9.4
	Decoders

	1.2a.3.3.2.9.5
	Analog / Digital Converters

	1.2a.3.3.2.9.6
	COMSEC

	1.2a.3.3.2.9.7
	Modulators

	1.2a.3.3.2.9.8
	Demodulators

	1.2a.3.3.2.9.9
	Multiplexers

	1.2a.3.3.2.9.10
	Demultiplexers

	1.2a.3.3.2.9.11
	Payload #1 Miscellaneous Digital Electronic Equipment

	1.2a.3.3.2.10
	Payload #1 Data Storage

	1.2a.3.3.2.11a
	Payload #1 First Antenna  (a = the first antenna in a multiple antenna configuration, b = second antenna…)

	1.2a.3.3.2.11a.1
	Payload #1 Antenna SEIT/PM

	1.2a.3.3.2.11a.1.1
	System Engineering

	1.2a.3.3.2.11a.1.2
	Integration and Test

	1.2a.3.3.2.11a.1.3
	Program Management

	1.2a.3.3.2.11a.2
	Antenna Feeds

	1.2a.3.3.2.11a.3
	Antenna Reflectors

	1.2a.3.3.2.11a.4
	Antenna Arrays

	1.2a.3.3.2.11a.5
	Antenna Support Structure & Mechanisms

	1.2a.3.3.2.11a.6
	Payload #1 Antenna Support Equipment

	1.2a.3.3.2.11a.7
	Payload #1 Antenna Miscellaneous Antenna Equipment

	1.2a.3.3.2.11b
	Payload #1 Second Antenna  (b = the second antenna in a multiple antenna configuration)

	
	(See the WBS breakout for the first Antenna configuration)

	1.2a.3.3.2.12
	Payload #1 Flight Software

	1.2a.3.3.2.12.1
	Payload #1 Flight Software SEIT/PM

	1.2a.3.3.2.12.1.1
	System Engineering

	1.2a.3.3.2.12.1.2
	Integration and Test

	1.2a.3.3.2.12.1.3
	Program Management

	1.2a.3.3.2.12.1.4
	Algorithm Development

	1.2a.3.3.2.12.x = 2
	Payload #1 Flight Software First Flight Function (x = 2 which is the first Payload #1 software flight function)

	1.2a.3.3.2.12.2.1
	Payload #1 Flight Software First Flight Function SEIT/PM

	1.2a.3.3.2.12.2.1.1
	System Engineering

	1.2a.3.3.2.12.2.1.2
	Integration and Test

	1.2a.3.3.2.12.2.1.3
	Program Management

	1.2a.3.3.2.12.2.1.4
	Algorithm Development

	1.2a.3.3.2.12.2.2
	Custom Software

	1.2a.3.3.2.12.2.2.y = 1
	Payload #1 Flight Software First Flight Function Configuration Item one (y = 1 which is the first software configuration item for the first Payload #1 Software flight function)

	1.2a.3.3.2.12.2.2.1.1
	Requirements Analysis

	1.2a.3.3.2.12.2.2.1.2
	Design

	1.2a.3.3.2.12.2.2.1.3
	Coding and Design Entity Testing

	1.2a.3.3.2.12.2.2.1.4
	Design Entity Integration and Test

	1.2a.3.3.2.12.2.2.1.5
	Configuration Item Testing

	1.2a.3.3.2.12.2.2.y = 2
	Payload #1 Flight Software First Flight Function Configuration Item two (y = 2 which is the second software configuration item for the first Payload #1 flight function)

	
	(See the WBS breakout for the first flight function first software configuration item)

	1.2a.3.3.2.12.2.2.y+1 = 3
	Payload #1 Flight Software First Flight Function Glue Code

	1.2a.3.3.2.12.2.3
	Payload #1 Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 

	1.2a.3.3.2.12.2.4
	Payload #1 Flight Software First Flight Function Other Software Costs

	1.2a.3.3.2.12.x = 3
	Payload #1 Flight Software Second Flight Function (x = 3 which is the second Payload #1 software flight function)

	
	(See the WBS breakout for the first software flight function)

	1.2a.3.3.2.12.x+1 = 4
	Payload #1 Flight Software Other Costs

	1.2a.3.3.2.13
	Payload #1 Support Equipment

	1.2a.3.3.2.14
	Payload #1 Other Costs

	1.2a.3.3.n=3
	Payload #2 (n =3 or the second Payload in a Spacecraft multiple Payload configuration)

	
	(See the WBS breakout for the first Payload)

	1.2a.3.4
	Communication / Payload Flight Software

	1.2a.3.4.1
	Communication / Payload Flight Software SEIT/PM

	1.2a.3.4.1.1
	System Engineering

	1.2a.3.4.1.2
	Integration and Test

	1.2a.3.4.1.3
	Program Management

	1.2a.3.4.1.4
	Algorithm Development

	1.2a.3.4.n = 2
	Communication / Payload Flight Software First Flight Function (n = 2 which is the first Communication / Payload software flight function)

	1.2a.3.4.2.1
	Communication / Payload Flight Software First Flight Function SEIT/PM

	1.2a.3.4.2.1.1
	System Engineering

	1.2a.3.4.2.1.2
	Integration and Test

	1.2a.3.4.2.1.3
	Program Management

	1.2a.3.4.2.1.4
	Algorithm Development

	1.2a.3.4.2.2
	Custom Software

	1.2a.3.4.2.2.x = 1
	Communication / Payload Flight Software First Flight Function Configuration Item one (x = 1 which is the first software configuration item for the first Communication / Payload Software flight function)

	1.2a.3.4.2.2.1.1
	Requirements Analysis

	1.2a.3.4.2.2.1.2
	Design

	1.2a.3.4.2.2.1.3
	Coding and Design Entity Testing

	1.2a.3.4.2.2.1.4
	Design Entity Integration and Test

	1.2a.3.4.2.2.1.5
	Configuration Item Testing

	1.2a.3.4.2.2.x = 2
	Communication / Payload Flight Software First Flight Function Configuration Item two (x = 2 which is the second software configuration item for the first Communication / Payload flight function)

	
	(See the WBS breakout for the first flight function first software configuration item)

	1.2a.3.4.2.2.x+1 = 3
	Communication / Payload Flight Software First Flight Function Glue Code

	1.2a.3.4.2.3
	Communication / Payload Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 

	1.2a.3.4.2.4
	Communication / Payload Flight Software First Flight Function Other Software Costs

	1.2a.3.4.n = 3
	Communication / Payload Flight Software Second Flight Function (n = 3 which is the second Communication / Payload software flight function)

	
	(See the WBS breakout for the first software flight function)

	1.2a.3.4.n+1 = 4
	Communication / Payload Flight Software Other Costs

	1.2a.3.5
	Communication / Payload Support Equipment

	1.2a.3.6
	Communication / Payload Other Costs

	1.2a.4
	Booster Adapter

	1.2a.5
	Spacecraft Storage

	1.2a.6
	Refurbishment

	1.2a.7
	Launch Systems Integration

	1.2a.8
	Launch Operations & Mission Support

	1.2a.9
	Spacecraft Support Equipment

	1.2a.10
	Spacecraft Other Costs

	1.2a.11
	Spacecraft Government Furnished Equipment/Data/Property (GFE/D/P)

	1.2a.12
	Spacecraft Other Government Costs (OGC)

	1.2b
	Spacecraft (b = 2nd Spacecraft in a multiple and dissimilar Spacecraft purchase; c = 3rd Spacecraft...)

	
	(See the WBS breakout for the first Spacecraft)

	1.3a
	Ground (a = 1st Ground Site in a multiple Ground Site configuration; b = 2nd Ground Site...)

	1.3a.1
	Ground SEIT/PM

	1.3a.1.1
	System Engineering

	1.3a.1.2
	Integration and Test

	1.3a.1.3
	Program Management

	1.3a.1.4
	Data

	1.3a.1.5
	Training

	1.3a.1.6
	Site Activation

	1.3a.1.7
	Algorithm Development

	1.3a.2
	Ground Terminal

	1.3a.2.1
	Ground Terminal SEIT/PM

	1.3a.2.1.1
	System Engineering

	1.3a.2.1.2
	Integration and Test

	1.3a.2.1.3
	Program Management

	1.3a.2.1.4
	Data

	1.3a.2.1.5
	Training

	1.3a.2.1.6
	Site Activation

	1.3a.2.1.7


	Algorithm Development

	1.3a.2.2
	Ground Terminal Hardware

	1.3a.2.2.1
	Ground Terminal Hardware SEIT/PM

	1.3a.2.2.1.1
	System Engineering

	1.3a.2.2.1.2
	Integration and Test

	1.3a.2.2.1.3
	Program Management

	1.3a.2.2.1.4
	Data

	1.3a.2.2.1.5
	Training

	1.3a.2.2.2
	Ground Terminal Custom Hardware

	1.3a.2.2.2.1
	Ground Terminal Custom Hardware Integration & Test

	1.3a.2.2.2.2
	Front End Electronics

	1.3a.2.2.2.3
	Telemetry & Ranging

	1.3a.2.2.2.4
	RF Subgroup

	1.3a.2.2.2.x = 5
	Other Custom Hardware Items (x = 5 is the first “other hardware item”.  Add items and x+1 numbering as required.)

	1.3a.2.2.3
	Ground Terminal COTS Hardware 

	1.3a.2.2.3.1
	Ground Terminal COTS Hardware Integration & Test

	1.3a.2.2.3.x = 2
	COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.2.2.4
	Ground Terminal Other Hardware Costs

	1.3a.2.3
	Ground Terminal Software

	1.3a.2.3.1
	Ground Terminal Software SEIT/PM

	1.3a.2.3.1.1
	System Engineering

	1.3a.2.3.1.2
	Integration and Test

	1.3a.2.3.1.3
	Program Management

	1.3a.2.3.1.4
	Data

	1.3a.2.3.1.5
	Training

	1.3a.2.3.1.6
	Algorithm Development

	1.3a.2.3.2
	Ground Terminal Custom Software

	1.3a.2.3.2.x = 1
	Configuration Item one (x = 1 which is the first software configuration item for the Ground Terminal)

	1.3a.2.3.2.1.1
	Requirements Analysis

	1.3a.2.3.2.1.2
	Design

	1.3a.2.3.2.1.3
	Coding and Design Entity Testing

	1.3a.2.3.2.1.4
	Design Entity Integration and Test

	1.3a.2.3.2.1.5
	Configuration Item Testing

	1.3a.2.3.2.x = 2
	Configuration Item two (x = 2 which is the second software configuration item for the Ground Terminal)

	
	(See the WBS breakout for the Ground Terminal first software configuration item)

	1.3a.2.3.2.x+1 = 3
	Ground Terminal Glue Code

	1.3a.2.3.3
	Ground Terminal Commercial Off the Shelf (COTS) Software 

	1.3a.2.3.4
	Ground Terminal Other Software Costs

	1.3a.2.4
	Ground Terminal Ground Facilities/Building

	1.3a.2.5
	Ground Terminal Factory/Contractor Support Facility

	1.3a.2.6
	Ground Terminal Initial Support

	1.3a.2.7
	Ground Terminal Support Equipment

	1.3a.2.8
	Ground Terminal Other Costs

	1.3a.2.9
	Ground Terminal GFE/D/P

	1.3a.2.10
	Ground Terminal OGC

	1.3a.3
	Command and Control

	1.3a.3.1
	Command and Control SEIT/PM

	1.3a.3.1.1
	System Engineering

	1.3a.3.1.2
	Integration and Test

	1.3a.3.1.3
	Program Management

	1.3a.3.1.4
	Data

	1.3a.3.1.5
	Training

	1.3a.3.1.6
	Site Activation

	1.3a.3.1.7
	Algorithm Development

	1.3a.3.2
	Command and Control Hardware

	1.3a.3.2.1
	Command and Control Hardware SEIT/PM

	1.3a.3.2.1.1
	System Engineering

	1.3a.3.2.1.2
	Integration and Test

	1.3a.3.2.1.3
	Program Management

	1.3a.3.2.1.4
	Data

	1.3a.3.2.1.5
	Training

	1.3a.3.2.2
	Command and Control Custom Hardware

	1.3a.3.2.2.1
	Command and Control Custom Hardware Integration and Test

	1.3a.3.2.2.x = 2
	Command and Control Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.3.2.3
	Command and Control COTS Hardware

	1.3a.3.2.3.1
	Command and Control COTS Hardware Integration and Test

	1.3a.3.2.3.x = 2
	Command and Control COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.3.2.4
	Command and Control Other Hardware Costs

	1.3a.3.3
	Command and Control Software

	1.3a.3.3.1
	Command and Control Software SEIT/PM

	1.3a.3.3.1.1
	System Engineering

	1.3a.3.3.1.2
	Integration and Test

	1.3a.3.3.1.3
	Program Management

	1.3a.3.3.1.4
	Data

	1.3a.3.3.1.5
	Training

	1.3a.3.3.1.6
	Algorithm Development

	1.3a.3.3.2
	Command and Control Custom Software

	1.3a.3.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Command and Control)

	1.3a.3.3.2.1.1
	Requirements Analysis

	1.3a.3.3.2.1.2
	Design

	1.3a.3.3.2.1.3
	Coding and Design Entity Testing

	1.3a.3.3.2.1.4
	Design Entity Integration and Test

	1.3a.3.3.2.1.5
	Configuration Item Testing

	1.3a.3.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Command and Control)

	
	(See the WBS breakout for the Command and Control first software configuration item)

	1.3a.3.3.2.x+1 = 3
	Command and Control Glue Code

	1.3a.3.3.3
	Command and Control COTS Software 

	1.3a.3.3.4
	Command and Control Other Software Costs

	1.3a.3.4
	Command and Control Ground Facilities/Building

	1.3a.3.5
	Command and Control Factory/Contractor Support Facility

	1.3a.3.6
	Command and Control Initial Support

	1.3a.3.7
	Command and Control Support Equipment

	1.3a.3.8
	Command and Control Other Costs

	1.3a.3.9
	Command and Control GFE/D/P

	1.3a.3.10
	Command and Control OGC

	1.3a.4
	Mission Management

	1.3a.4.1
	Mission Management SEIT/PM

	1.3a.4.1.1
	System Engineering

	1.3a.4.1.2
	Integration and Test

	1.3a.4.1.3
	Program Management

	1.3a.4.1.4
	Data

	1.3a.4.1.5
	Training

	1.3a.4.1.6
	Site Activation

	1.3a.4.1.7
	Algorithm Development

	1.3a.4.2
	Mission Management Hardware

	1.3a.4.2.1
	Mission Management Hardware SEIT/PM

	1.3a.4.2.1.1
	System Engineering

	1.3a.4.2.1.2
	Integration and Test

	1.3a.4.2.1.3
	Program Management

	1.3a.4.2.1.4
	Data

	1.3a.4.2.1.5
	Training

	1.3a.4.2.2
	Mission Management Custom Hardware

	1.3a.4.2.2.1
	Mission Management Custom Hardware Integration and Test

	1.3a.4.2.2.x = 2
	Mission Management Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.4.2.3
	Mission Management COTS Hardware

	1.3a.4.2.3.1
	Mission Management COTS Hardware Integration and Test

	1.3a.4.2.3.x = 2
	Mission Management COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.4.2.4
	Mission Management Other Hardware Costs

	1.3a.4.3
	Mission Management Software

	1.3a.4.3.1
	Mission Management Software SEIT/PM

	1.3a.4.3.1.1
	System Engineering

	1.3a.4.3.1.2
	Integration and Test

	1.3a.4.3.1.3
	Program Management

	1.3a.4.3.1.4
	Data

	1.3a.4.3.1.5
	Training

	1.3a.4.3.1.6
	Algorithm Development

	1.3a.4.3.2
	Mission Management Custom Software

	1.3a.4.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Management)

	1.3a.4.3.2.1.1
	Requirements Analysis

	1.3a.4.3.2.1.2
	Design

	1.3a.4.3.2.1.3
	Coding and Design Entity Testing

	1.3a.4.3.2.1.4
	Design Entity Integration and Test

	1.3a.4.3.2.1.5
	Configuration Item Testing

	1.3a.4.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Management)

	
	(See the WBS breakout for the Mission Management first software configuration item)

	1.3a.4.3.2.x+1 = 3
	Mission Management Glue Code

	1.3a.4.3.3
	Mission Management COTS Software 

	1.3a.4.3.4
	Mission Management Other Software Costs

	1.3a.4.4
	Mission Management Ground Facilities/Building

	1.3a.4.5
	Mission Management Factory/Contractor Support Facility

	1.3a.4.6
	Mission Management Initial Support

	1.3a.4.7
	Mission Management Support Equipment

	1.3a.4.8
	Mission Management Other Costs

	1.3a.4.9
	Mission Management GFE/D/P

	1.3a.4.10
	Mission Management OGC

	1.3a.5
	Data Archive/Storage

	1.3a.5.1
	Data Archive/Storage SEIT/PM

	1.3a.5.1.1
	System Engineering

	1.3a.5.1.2
	Integration and Test

	1.3a.5.1.3
	Program Management

	1.3a.5.1.4
	Data

	1.3a.5.1.5
	Training

	1.3a.5.1.6
	Site Activation

	1.3a.5.1.7
	Algorithm Development

	1.3a.5.2
	Data Archive/Storage Hardware

	1.3a.5.2.1
	Data Archive/Storage Hardware SEIT/PM

	1.3a.5.2.1.1
	System Engineering

	1.3a.5.2.1.2
	Integration and Test

	1.3a.5.2.1.3
	Program Management

	1.3a.5.2.1.4
	Data

	1.3a.5.2.1.5
	Training

	1.3a.5.2.2
	Data Archive/Storage Custom Hardware

	1.3a.5.2.2.1
	Data Archive/Storage Custom Hardware Integration and Test

	1.3a.5.2.2.x = 2
	Data Archive/Storage Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.5.2.3
	Data Archive/Storage COTS Hardware

	1.3a.5.2.3.1
	Data Archive/Storage COTS Hardware Integration and Test

	1.3a.5.2.3.x = 2
	Data Archive/Storage COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.5.2.4
	Data Archive/Storage Other Hardware Costs

	1.3a.5.3
	Data Archive/Storage Software

	1.3a.5.3.1
	Data Archive/Storage Software SEIT/PM

	1.3a.5.3.1.1
	System Engineering

	1.3a.5.3.1.2
	Integration and Test

	1.3a.5.3.1.3
	Program Management

	1.3a.5.3.1.4
	Data

	1.3a.5.3.1.5
	Training

	1.3a.5.3.1.6
	Algorithm Development

	1.3a.5.3.2
	Data Archive/Storage Custom Software

	1.3a.5.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Data Archive/Storage)

	1.3a.5.3.2.1.1
	Requirements Analysis

	1.3a.5.3.2.1.2
	Design

	1.3a.5.3.2.1.3
	Coding and Design Entity Testing

	1.3a.5.3.2.1.4
	Design Entity Integration and Test

	1.3a.5.3.2.1.5
	Configuration Item Testing

	1.3a.5.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Data Archive/Storage)

	
	(See the WBS breakout for the Data Archive/Storage first software configuration item)

	1.3a.5.3.2.x+1 = 3
	Data Archive/Storage Glue Code

	1.3a.5.3.3
	Data Archive/Storage COTS Software 

	1.3a.5.3.4
	Data Archive/Storage Other Software Costs

	1.3a.5.4
	Data Archive/Storage Ground Facilities/Building

	1.3a.5.5
	Data Archive/Storage Factory/Contractor Support Facility

	1.3a.5.6
	Data Archive/Storage Initial Support

	1.3a.5.7
	Data Archive/Storage Support Equipment

	1.3a.5.8
	Data Archive/Storage Other Costs

	1.3a.5.9
	Data Archive/Storage GFE/D/P

	1.3a.5.10
	Data Archive/Storage OGC

	1.3a.6
	Mission Data Processing

	1.3a.6.1
	Mission Data Processing SEIT/PM

	1.3a.6.1.1
	System Engineering

	1.3a.6.1.2
	Integration and Test

	1.3a.6.1.3
	Program Management

	1.3a.6.1.4
	Data

	1.3a.6.1.5
	Training

	1.3a.6.1.6
	Site Activation

	1.3a.6.1.7
	Algorithm Development

	1.3a.6.2
	Mission Data Processing Hardware

	1.3a.6.2.1
	Mission Data Processing Hardware SEIT/PM

	1.3a.6.2.1.1
	System Engineering

	1.3a.6.2.1.2
	Integration and Test

	1.3a.6.2.1.3
	Program Management

	1.3a.6.2.1.4
	Data

	1.3a.6.2.1.5
	Training

	1.3a.6.2.2
	Mission Data Processing Custom Hardware

	1.3a.6.2.2.1
	Mission Data Processing Custom Hardware Integration and Test

	1.3a.6.2.2.x = 2
	Mission Data Processing Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.6.2.3
	Mission Data Processing COTS Hardware

	1.3a.6.2.3.1
	Mission Data Processing COTS Hardware Integration and Test

	1.3a.6.2.3.x = 2
	Mission Data Processing COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.6.2.4
	Mission Data Processing Other Hardware Costs

	1.3a.6.3
	Mission Data Processing Software

	1.3a.6.3.1
	Mission Data Processing Software SEIT/PM

	1.3a.6.3.1.1
	System Engineering

	1.3a.6.3.1.2
	Integration and Test

	1.3a.6.3.1.3
	Program Management

	1.3a.6.3.1.4
	Data

	1.3a.6.3.1.5
	Training

	1.3a.6.3.1.6
	Algorithm Development

	1.3a.6.3.2
	Mission Data Processing Custom Software

	1.3a.6.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Data Processing)

	1.3a.6.3.2.1.1
	Requirements Analysis

	1.3a.6.3.2.1.2
	Design

	1.3a.6.3.2.1.3
	Coding and Design Entity Testing

	1.3a.6.3.2.1.4
	Design Entity Integration and Test

	1.3a.6.3.2.1.5
	Configuration Item Testing

	1.3a.6.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Data Processing)

	
	(See the WBS breakout for the Mission Data Processing first software configuration item)

	1.3a.6.3.2.x+1 = 3
	Mission Data Processing Glue Code

	1.3a.6.3.3
	Mission Data Processing COTS Software 

	1.3a.6.3.4
	Mission Data Processing Other Software Costs

	1.3a.6.4
	Mission Data Processing Ground Facilities/Building

	1.3a.6.5
	Mission Data Processing Factory/Contractor Support Facility

	1.3a.6.6
	Mission Data Processing Initial Support

	1.3a.6.7
	Mission Data Processing Support Equipment

	1.3a.6.8
	Mission Data Processing Other Costs

	1.3a.6.9
	Mission Data Processing GFE/D/P

	1.3a.6.10
	Mission Data Processing OGC

	1.3a.7
	Mission Data Analysis and Dissemination

	1.3a.7.1
	Mission Data Analysis and Dissemination SEIT/PM

	1.3a.7.1.1
	System Engineering

	1.3a.7.1.2
	Integration and Test

	1.3a.7.1.3
	Program Management

	1.3a.7.1.4
	Data

	1.3a.7.1.5
	Training

	1.3a.7.1.6
	Site Activation

	1.3a.7.1.7
	Algorithm Development

	1.3a.7.2
	Mission Data Analysis and Dissemination Hardware

	1.3a.7.2.1
	Mission Data Analysis and Dissemination Hardware SEIT/PM

	1.3a.7.2.1.1
	System Engineering

	1.3a.7.2.1.2
	Integration and Test

	1.3a.7.2.1.3
	Program Management

	1.3a.7.2.1.4
	Data

	1.3a.7.2.1.5
	Training

	1.3a.7.2.2
	Mission Data Analysis and Dissemination Custom Hardware

	1.3a.7.2.2.1
	Mission Data Analysis and Dissemination Custom Hardware Integration and Test

	1.3a.7.2.2.x = 2
	Mission Data Analysis and Dissemination Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.7.2.3
	Mission Data Analysis and Dissemination COTS Hardware

	1.3a.7.2.3.1
	Mission Data Analysis and Dissemination COTS Hardware Integration and Test

	1.3a.7.2.3.x = 2
	Mission Data Analysis and Dissemination COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.7.2.4
	Mission Data Analysis and Dissemination Other Hardware Costs

	1.3a.7.3
	Mission Data Analysis and Dissemination Software

	1.3a.7.3.1
	Mission Data Analysis and Dissemination Software SEIT/PM

	1.3a.7.3.1.1
	System Engineering

	1.3a.7.3.1.2
	Integration and Test

	1.3a.7.3.1.3
	Program Management

	1.3a.7.3.1.4
	Data

	1.3a.7.3.1.5
	Training

	1.3a.7.3.1.6
	Algorithm Development

	1.3a.7.3.2
	Mission Data Analysis and Dissemination Custom Software

	1.3a.7.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Data Analysis and Dissemination)

	1.3a.7.3.2.1.1
	Requirements Analysis

	1.3a.7.3.2.1.2
	Design

	1.3a.7.3.2.1.3
	Coding and Design Entity Testing

	1.3a.7.3.2.1.4
	Design Entity Integration and Test

	1.3a.7.3.2.1.5
	Configuration Item Testing

	1.3a.7.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Data Analysis and Dissemination)

	
	(See the WBS breakout for the Mission Data Analysis and Dissemination first software configuration item)

	1.3a.7.3.2.x+1 = 3
	Mission Data Analysis and Dissemination Glue Code

	1.3a.7.3.3
	Mission Data Analysis and Dissemination COTS Software 

	1.3a.7.3.4
	Mission Data Analysis and Dissemination Other Software Costs

	1.3a.7.4
	Mission Data Analysis and Dissemination Ground Facilities/Building

	1.3a.7.5
	Mission Data Analysis and Dissemination Factory/Contractor Support Facility

	1.3a.7.6
	Mission Data Analysis and Dissemination Initial Support

	1.3a.7.7
	Mission Data Analysis and Dissemination Support Equipment

	1.3a.7.8
	Mission Data Analysis and Dissemination Other Costs

	1.3a.7.9
	Mission Data Analysis and Dissemination GFE/D/P

	1.3a.7.10
	Mission Data Analysis and Dissemination OGC

	1.3a.8
	Mission Infrastructure

	1.3a.8.1
	Mission Infrastructure SEIT/PM

	1.3a.8.1.1
	System Engineering

	1.3a.8.1.2
	Integration and Test

	1.3a.8.1.3
	Program Management

	1.3a.8.1.4
	Data

	1.3a.8.1.5
	Training

	1.3a.8.1.6
	Site Activation

	1.3a.8.1.7
	Algorithm Development

	1.3a.8.2
	Mission Infrastructure Hardware

	1.3a.8.2.1
	Mission Infrastructure Hardware SEIT/PM

	1.3a.8.2.1.1
	System Engineering

	1.3a.8.2.1.2
	Integration and Test

	1.3a.8.2.1.3
	Program Management

	1.3a.8.2.1.4
	Data

	1.3a.8.2.1.5
	Training

	1.3a.8.2.2
	Mission Infrastructure Custom Hardware

	1.3a.8.2.2.1
	Mission Infrastructure Custom Hardware Integration and Test

	1.3a.8.2.2.x = 2
	Mission Infrastructure Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.8.2.3
	Mission Infrastructure COTS Hardware

	1.3a.8.2.3.1
	Mission Infrastructure COTS Hardware Integration and Test

	1.3a.8.2.3.x = 2
	Mission Infrastructure COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.8.2.4
	Mission Infrastructure Other Hardware Costs

	1.3a.8.3
	Mission Infrastructure Software

	1.3a.8.3.1
	Mission Infrastructure Software SEIT/PM

	1.3a.8.3.1.1
	System Engineering

	1.3a.8.3.1.2
	Integration and Test

	1.3a.8.3.1.3
	Program Management

	1.3a.8.3.1.4
	Data

	1.3a.8.3.1.5
	Training

	1.3a.8.3.1.6
	Algorithm Development

	1.3a.8.3.2
	Mission Infrastructure Custom Software

	1.3a.8.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Infrastructure)

	1.3a.8.3.2.1.1
	Requirements Analysis

	1.3a.8.3.2.1.2
	Design

	1.3a.8.3.2.1.3
	Coding and Design Entity Testing

	1.3a.8.3.2.1.4
	Design Entity Integration and Test

	1.3a.8.3.2.1.5
	Configuration Item Testing

	1.3a.8.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Infrastructure)

	
	(See the WBS breakout for the Mission Infrastructure first software configuration item)

	1.3a.8.3.2.x+1 = 3
	Mission Infrastructure Glue Code

	1.3a.8.3.3
	Mission Infrastructure COTS Software 

	1.3a.8.3.4
	Mission Infrastructure Other Software Costs

	1.3a.8.4
	Mission Infrastructure Ground Facilities/Building

	1.3a.8.5
	Mission Infrastructure Factory/Contractor Support Facility

	1.3a.8.6
	Mission Infrastructure Initial Support

	1.3a.8.7
	Mission Infrastructure Support Equipment

	1.3a.8.8
	Mission Infrastructure Other Costs

	1.3a.8.9
	Mission Infrastructure GFE/D/P

	1.3a.8.10
	Mission Infrastructure OGC

	1.3a.9
	Collection Management

	1.3a.9.1
	Collection Management SEIT/PM

	1.3a.9.1.1
	System Engineering

	1.3a.9.1.2
	Integration and Test

	1.3a.9.1.3
	Program Management

	1.3a.9.1.4
	Data

	1.3a.9.1.5
	Training

	1.3a.9.1.6
	Site Activation

	1.3a.9.1.7
	Algorithm Development

	1.3a.9.2
	Collection Management Hardware

	1.3a.9.2.1
	Collection Management Hardware SEIT/PM

	1.3a.9.2.1.1
	System Engineering

	1.3a.9.2.1.2
	Integration and Test

	1.3a.9.2.1.3
	Program Management

	1.3a.9.2.1.4
	Data

	1.3a.9.2.1.5
	Training

	1.3a.9.2.2
	Collection Management Custom Hardware

	1.3a.9.2.2.1
	Collection Management Custom Hardware Integration and Test

	1.3a.9.2.2.x = 2
	Collection Management Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)

	1.3a.9.2.3
	Collection Management COTS Hardware

	1.3a.9.2.3.1
	Collection Management COTS Hardware Integration and Test

	1.3a.9.2.3.x = 2
	Collection Management COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)

	1.3a.9.2.4
	Collection Management Other Hardware Costs

	1.3a.9.3
	Collection Management Software

	1.3a.9.3.1
	Collection Management Software SEIT/PM

	1.3a.9.3.1.1
	System Engineering

	1.3a.9.3.1.2
	Integration and Test

	1.3a.9.3.1.3
	Program Management

	1.3a.9.3.1.4
	Data

	1.3a.9.3.1.5
	Training

	1.3a.9.3.1.6
	Algorithm Development

	1.3a.9.3.2
	Collection Management Custom Software

	1.3a.9.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for Collection Management)

	1.3a.9.3.2.1.1
	Requirements Analysis

	1.3a.9.3.2.1.2
	Design

	1.3a.9.3.2.1.3
	Coding and Design Entity Testing

	1.3a.9.3.2.1.4
	Design Entity Integration and Test

	1.3a.9.3.2.1.5
	Configuration Item Testing

	1.3a.9.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for Collection Management)

	
	(See the WBS breakout for the Collection Management first software configuration item)

	1.3a.9.3.2.x+1 = 3
	Collection Management Glue Code

	1.3a.9.3.3
	Collection Management COTS Software 

	1.3a.9.3.4
	Collection Management Other Software Costs

	1.3a.9.4
	Collection Management Ground Facilities/Building

	1.3a.9.5
	Collection Management Factory/Contractor Support Facility

	1.3a.9.6
	Collection Management Initial Support

	1.3a.9.7
	Collection Management Support Equipment

	1.3a.9.8
	Collection Management Other Costs

	1.3a.9.9
	Collection Management GFE/D/P

	1.3a.9.10
	Collection Management OGC

	1.3a.10
	Ground Facilities/Building 

	1.3a.11
	Factory/Contractor Support Facility

	1.3a.12
	Ground Initial Support 

	1.3a.13
	Ground Support Equipment

	1.3a.14
	Ground Other Costs

	1.3a.15
	Ground GFE/D/P 

	1.3a.16
	Ground OGC

	1.3b
	Ground (b = 2nd Ground Site in a multiple Ground Site configuration; c = 3rd Ground Site, etc.)

	
	See the WBS breakout for the 1st Ground Site.

	1.4a
	Operations and Maintenance (O&M) (a = the first ground site in a multiple ground site configuration)

	1.5a
	Launch (a = the first launch site in a multiple site launch configuration)

	1.5a.1
	Launch Vehicle 

	1.5a.2
	Launch Operations and Support

	1.5a.2.1
	Common Launch Base Activity

	1.5a.2.2
	Common Engineering and Services

	1.6
	Space System Support Equipment

	1.7
	Space System Government Furnished Equipment / Data / Property

	1.8
	Space System Other Government Costs

	2
	System Of Systems Level SEIT/PM 

	2.1
	System Of Systems Level System Engineering

	2.2
	System Of Systems Level Integration and Test

	2.3
	System Of Systems Level Program Management

	3
	System Of Systems Level External Communication

	4a
	Operations and Maintenance Site-level Costs (a = the first ground site in a multiple ground site configuration)


Standard Work Breakdown Structure Diagrams


































Standard Work Breakdown Structure Dictionary

	WBS Element
	Element Title
	Element Description

	0
	System of Systems (SOS)
	This WBS summing element contains all of the resources associated with: the design, development, production, integration, assembly, test and operation of the System of Systems (SOS) both internal and external to the system(s) themselves.   

This element includes costs for the Space System(s), plus the SOS Level System Engineering (SE), Integration and Test, and Program Management (SEIT/PM), and External Communication (i.e. those Communications external to the space system(s)).  

	1
	Space System
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, test and operation of the entire Space System.  

This element includes Space System SEIT/PM; the Spacecraft; Ground; Operations and Maintenance; Launch; Space System Support Equipment; Space System Level Government Furnished Equipment, Data, and Property (GFE/D/P); and Space System Other Government Costs (OGC).   

	1.1
	Space System - System Engineering, Integration & Test, and Program Management (SEIT/PM)
	This WBS summing element represents overall management, technical direction and integration of the Space System, to include the operational phase as well.  Included in the Space System SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the Space System is developed, produced, tested, delivered, operated and supported.  

SEIT/PM involving multiple Space System WBS items, subsystems, or components from multiple Space System items or subsystems, are included in this WBS element. SEIT/PM devoted to a single Space System WBS item, subsystem, or components thereof, is excluded here and included in the appropriate WBS level SEIT/PM.

Support for the SOS level integration and testing provided by the producer/integrator of the Space System is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the Space System are included in this element.

	1.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development and production of the Space System.  This engineering support includes:  System Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Space System. 

The Space System SE function is responsible for the analysis, derivation, allocation, and traceability of Space System requirements and interfaces.  This effort includes establishing system-level requirements; system/system or system/element interfaces; system analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Space System.

	1.1.2
	Integration and Test
	This WBS element represents Space System Integration and Test (I&T) and includes all resources necessary to integrate the Space System elements into a functional space-ground system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting Space System I&T; and review, analysis and documentation of Space System test results.

I&T involving multiple Space System WBS items, subsystems, or components from multiple Space System items or subsystems, are included in this WBS element. I&T devoted to a single Space System WBS item, subsystem, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the System of Systems/Architecture level I&T provided by the producer/integrator of the Space System is included in this WBS element.

	1.1.3
	Program Management
	Space System Program Management (PM) includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the entire Space System. It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Space System.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Space System.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Ground system with maximum efficiency.  

	1.2a
	Spacecraft (a = 1st Spacecraft in a multiple and dissimilar Spacecraft configuration; b = 2nd Spacecraft...)
	This is the WBS summing element for the first complete Spacecraft in a multiple and dissimilar spacecraft configuration.  It contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the first Spacecraft. 

It includes the Spacecraft SEIT/PM; Spacecraft Bus; Communication / Payload Equipment; Booster Adapter; Spacecraft Storage; Refurbishment; Launch systems Integration; Launch Operations and Mission Support; Spacecraft Support Equipment; Spacecraft Other Costs; Spacecraft GFE/D/P; and Spacecraft OGC.   

	1.2a.1
	Spacecraft SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Spacecraft.  Included in the Spacecraft SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the Spacecraft is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QC/QA inspections, and all resources directly related to, or in support of, the design, fabrication, assembly and test of the Spacecraft as a whole.

SEIT/PM involving multiple Spacecraft WBS items, subsystems, or components from multiple Spacecraft items or subsystems, are included in this WBS element. SEIT/PM devoted to a single Spacecraft WBS item, subsystem, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Spacecraft Bus related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in this WBS.

Support for the Space System level integration and testing provided by the producer/integrator of the Spacecraft is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the Spacecraft are included in this element.

	1.2a.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Spacecraft.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Spacecraft.  

The Spacecraft SE function is responsible for the analysis, derivation, allocation, and traceability of derived Spacecraft requirements and interfaces.  This effort includes establishing Spacecraft-level requirements; system/subsystem interfaces; Spacecraft analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Spacecraft.

	1.2a.1.2
	Integration and Test
	This WBS element represents Spacecraft I&T and includes all resources necessary to integrate the Spacecraft into a functional system. It includes I&T management – requirements definition, planning, and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting Spacecraft I&T; and review, analysis and documentation of Spacecraft test results.

Tests involving multiple Spacecraft Subsystems, or components from multiple subsystems, are included in this WBS element.  I&T devoted to the Spacecraft Bus, or a single Communication / Payload Equipment item, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for System of Systems level, Space System, Launch, and the Ground portion of the Space System (if different from the producer/integrator of the Spacecraft) I&T provided by the producer/integrator of the Spacecraft is included in this WBS element.

	1.2a.1.3
	Program Management
	Spacecraft PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Spacecraft.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Spacecraft.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Spacecraft.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Spacecraft with maximum efficiency.  

	1.2a.2
	Spacecraft Bus
	This a summary level WBS element for the complete Spacecraft Bus, or space platform, which consists of Bus SEIT/PM; Structures and Mechanisms (S&M); Thermal Control (TC), Electrical Power (EPS), Attitude Control (ACS), Propulsion (PS), Telemetry, Tracking, and Command (TT&C) subsystems; Bus Flight Software where the software cannot be broken out to the subsystem or component level; and Bus Support Equipment.  It contains all of the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the spacecraft bus.  It also includes all design, development, and production and assembly effort to provide the spacecraft equipment as a discrete entity for integration with other WBS Level 4 (i.e., Communication / Payload Equipment) hardware elements. 

	1.2a.2.1
	Spacecraft Bus SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Spacecraft Bus. Included in the Spacecraft Bus SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Spacecraft Bus is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Spacecraft Bus.

SEIT/PM involving multiple Spacecraft Bus WBS items, subsystems, or components from multiple Spacecraft Bus items or subsystems, are included in this WBS element. SEIT/PM devoted to a single Spacecraft Bus WBS item, subsystem, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Spacecraft Bus related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in the Spacecraft SEIT/PM.

	1.2a.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Spacecraft Bus.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Spacecraft Bus.  

The Spacecraft Bus SE function is responsible for the analysis, derivation, allocation, and traceability of derived Spacecraft Bus requirements and interfaces.  This effort includes establishing Spacecraft Bus-level requirements; system/subsystem or subsystem/subsystem interfaces; Spacecraft Bus analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Spacecraft Bus.

	1.2a.2.1.2
	Integration and Test
	This WBS element represents Spacecraft Bus I&T and includes all resources necessary to integrate the Spacecraft Bus into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Spacecraft Bus I&T; and review, analysis and documentation of Spacecraft Bus test results.

Tests involving multiple Spacecraft Bus WBS items, subsystems, or components from multiple Spacecraft Bus items or subsystems, are included in this WBS element. I&T devoted to a single Spacecraft Bus WBS item, subsystem, or components thereof, is excluded here and included in the appropriate element level WBS (1.X.2.N).

Support for the Spacecraft level I&T provided by the producer/integrator of the Spacecraft Bus is included in this WBS element.

	1.2a.2.1.3
	Program Management
	Spacecraft PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Spacecraft.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.2
	Structures and Mechanisms Subsystem
	This WBS element is a summing element for the complete S&M Subsystem containing all the resources associated with the design, development, fabrication, assembly, quality control/assurance, and test to include verification testing of spacecraft structure, mechanisms, structures with integral (non-removable) thermal control, pyrotechnics and support equipment.  It also includes the S&M Subsystem SEIT/PM, or components thereof. 

	1.2a.2.2.1
	Structures and Mechanisms Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the S&M Subsystem.  Included in the S&M Subsystem SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the S&M Subsystem is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of S&M Subsystem components.

	1.2a.2.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the S&M Subsystem.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall S&M Subsystem.  

The S&M Subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived S&M Subsystem requirements and interfaces.  This effort includes establishing S&M Subsystem-level requirements; subsystem/component or component/component interfaces; S&M Subsystem analyses, models and simulations; S&M Subsystem quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the S&M Subsystem.

	1.2a.2.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the S&M Subsystem.  It includes all resources necessary to integrate and test the S&M Subsystem components as a complete S&M Subsystem.  It includes S&M Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level S&M Subsystem component groupings or components should be carried at those levels

	1.2a.2.2.1.3
	Program Management
	S&M PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the S&M.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.2.2
	Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Spacecraft Bus, and Communication / Payload Equipment components and assemblies during launch, orbit injection, and on‑orbit operations. It includes items such as equipment compartments; trusses, frames and shells for carrying primary loads; and secondary structures for equipment support. It also includes structural assemblies for interfacing with the booster adapter and/or with the launch vehicle (e.g., if the booster adapter and spacecraft structure are integral).   [Note: The payload fairing is included in Launch, WBS 1.5a.]  This element includes all load-carrying devices, such as payload equipment panels that are provided to Communication / Payload Equipment suppliers for supporting Communication / Payload Equipment components. However, structural elements such as small equipment compartments or pallets that house Communication / Payload electronics and are provided as part of Communication / Payload Equipment are excluded from this WBS and included in the appropriate Communication / Payload Equipment Structures element. Booms exclusively for supporting Communication / Payload Equipment components or assemblies are also included in Communication / Payload Equipment Structures.  Similarly, when a spacecraft structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.2.2.4.

	1.2a.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to primary and secondary structures.

I&T related to the higher-level spacecraft S&M Subsystem or to lower-level primary and secondary structure component groupings should be carried at those levels.

	1.2a.2.2.2.2
	Primary Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Spacecraft Bus components and assemblies during launch, orbit injection, and on‑orbit operations. Where Communication / Payload Equipment structural support end items cannot be separated, they will be carried in this WBS.   If the items can be separated, they should be carried in their appropriate WBS element.

It includes items such as load carrying shells and trusses; equipment compartments; booms; and adapters.  

	1.2a.2.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Primary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.2.2.2.2.2
	Load Carrying Shell/Truss
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Load Carrying Shell and Truss.

	1.2a.2.2.2.2.3
	Equipment Compartments
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Compartments.

	1.2a.2.2.2.2.4
	Booms
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Booms.

	1.2a.2.2.2.2.5
	Adapters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Adapters.

	1.2a.2.2.2.3
	Secondary Structures
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Secondary Structures.  It includes items such as mounting equipment and ballast weight.

	1.2a.2.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Secondary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.2.2.2.3.2
	Equipment Mounting
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Mounting devices.

	1.2a.2.2.2.3.3
	Ballast Weight
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ballast Weight.

	1.2a.2.2.3
	Mechanisms
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test these hardware end items, which deploy and support solar arrays, antennas and other spacecraft components -- to the extent that the mechanisms are separable from the components they support.  It includes supports for cables and harnesses.

	1.2a.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Mechanisms.

I&T related to the higher-level spacecraft S&M Subsystem should be carried at that level.

	1.2a.2.2.3.2
	Positioning 
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Positioning components.  (Note: This WBS will be used only in cases where the positioning equipment cannot be identified with the end item it supports.  See WBS 1.2a.2.4.2.3 – Solar Array Positioner; WBS 1.2a.3.2.2.2.3.2 – Communication #1 Positioning Mechanisms; and WBS 1.2a.3.3.2.2.3.2 – Payload #1 Positioning Mechanisms.) 

	1.2a.2.2.3.3
	Deployment and Stowage Equipment
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Deployment and Stowage Equipment.

	1.2a.2.2.4
	Structures with Thermal Control
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of those hardware components that not only provide structural support for all of Spacecraft Bus components (and where end items cannot be separated, Communication / Payload Equipment.  If the items can be separated, they should be carried in their WBS element), but also contain integral (non-removable) thermal control provisions such as heat sinks.  

When a Spacecraft Bus structural component has thermal control provisions which has separately identified costs, then that spacecraft bus structural item is included in WBS 1.2a.2.2.2 while the separately identified thermal control provisions are included in WBS 1.2a.2.3.

	1.2a.2.2.5
	Pyrotechnics
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test of those hardware components that provide reaction force for separation maneuvers.  These devices include initiator squibs and ordnance separation units.

	1.2a.2.2.5.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Pyrotechnics.

I&T related to the higher-level spacecraft S&M Subsystem should be carried at that level.

	1.2a.2.2.5.2
	Initiator Squibs
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Initiator Squibs.

	1.2a.2.2.5.3
	Ordnance Separation Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ordnance Separation Units.

	1.2a.2.2.6
	Structures and Mechanisms Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of S&M Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.2.2.7
	Structures and Mechanisms Subsystem Other Costs
	This WBS element contains all the resources associated with S&M Subsystem hardware or software items not included in WBS elements 1.2a.2.2.1 through 1.2a.2.2.7 above.

	1.2a.2.3
	Thermal Control Subsystem
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of TC Subsystem.  The TC Subsystem maintains the temperatures of all spacecraft bus components, and those Communication / Payload suites without their own thermal control provisions, within acceptable limits during ground test, launch and on‑orbit operations.  The components may be either active or passive, including multi-layer thermal insulation blankets, surface coatings (thermal paint), mirrors with optical coatings, thermal tape, heat pipes, heat sinks, active coolers, heaters, thermisters, thermal conducting elements and radiator panels. In cases where Communication / Payload contains its own thermal control provisions, the thermal control components are included in the Communication / Payload WBS element. Similarly, when a spacecraft structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.2.2.4.

	1.2a.2.3.1
	Thermal Control Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the TC Subsystem.  Included in the TC Subsystem SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the TC Subsystem is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of TC Subsystem components.

	1.2a.2.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the TC Subsystem.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall TC Subsystem.  

The TC Subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived TC Subsystem requirements and interfaces.  This effort includes establishing TC Subsystem-level requirements; subsystem/component or component/component interfaces; TC Subsystem analyses, models and simulations; TC Subsystem quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the TC Subsystem.

	1.2a.2.3.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the TC Subsystem.  It includes all resources necessary to integrate and test the TC Subsystem components as a complete TC Subsystem.  It includes TC Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level TC Subsystem component groupings or components should be carried at those levels.

	1.2a.2.3.1.3
	Program Management
	TC PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the TC.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.3.2
	Active Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those active components that maintain the temperatures of all spacecraft bus components, and those Communication / Payload suites without their own thermal control provisions, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Cryogenic Devices, Liquid Loops, Electric Cooling (Thermoelectric), Electric Heaters Thermisters & Thermostats, and Shutters.

	1.2a.2.3.2.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to TC Subsystem Active Devices.

I&T related to the higher-level TC Subsystem, or to other Spacecraft Bus subsystems should be carried at those level.

	1.2a.2.3.2.2
	Cryogenic Devices
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Cryogenic Devices.

	1.2a.2.3.2.3
	Liquid Loops
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Liquid Loops.

	1.2a.2.3.2.4
	Electric Cooling (Thermoelectric)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Cooling (Thermoelectric) Units.

	1.2a.2.3.2.5
	Electric Heaters Thermisters & Thermostats
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Heaters Thermisters & Thermostats.

	1.2a.2.3.2.6
	Shutters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Shutters.

	1.2a.2.3.3
	Passive Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those passive components that maintain the temperatures of all spacecraft bus components, and those Communication / Payload suites without their own thermal control provisions, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Radiator Panels/Fins, Coatings, Heat Pipes, Insulation, Conductive Structures, Louvers, and Sun Shields.

	1.2a.2.3.3.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to TC Subsystem Passive Devices.

I&T related to the higher-level spacecraft TC Subsystem, or to other Spacecraft Bus subsystems should be carried at those levels.

	1.2a.2.3.3.2
	Radiator Panels/Fins
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Radiator Panels/Fins.

	1.2a.2.3.3.3
	Coatings
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coatings.

	1.2a.2.3.3.4
	Heat Pipes
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Heat Pipes.

	1.2a.2.3.3.5
	Insulation
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Insulation Blankets.

	1.2a.2.3.3.6
	Conductive Structures
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Conductive Structures.

	1.2a.2.3.3.7
	Louvers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Louvers.

	1.2a.2.3.3.8
	Sun Shields
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Sun Shields.

	1.2a.2.3.3.9
	Second Surface Mirrors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Second Surface Mirrors.

	
	Embedded Thermal (See Structures – 1.2a.2.2.4)
	

	1.2a.2.3.4
	Thermal Control Subsystem Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus TC Subsystem functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If TC software functions cannot be separated from the Spacecraft Bus software functions then the combined resources will be carried in WBS 1.2a.2.8.  

	1.2a.2.3.4.1
	Thermal Control Subsystem Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with TC Subsystem Flight Software management, engineering, analysis, design, testing and all other Flight Software level efforts associated with the TC Subsystem as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting TC Subsystem Custom and commercial-off-the-shelf (COTS) Software I&T; and review, analysis and documentation of test results. 

	1.2a.2.3.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the TC Subsystem Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall TC Subsystem Flight Software.  

The TC Subsystem Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived TC Subsystem Flight Software requirements and interfaces.  This effort includes establishing TC Subsystem Flight Software-level requirements; subsystem/function items or function item/ function item interfaces; TC Subsystem Flight Software analyses; models and simulations; TC Subsystem Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the TC Subsystem Flight Software.

	1.2a.2.3.4.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T verification and validation (V&V) of the TC Subsystem flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform TC Subsystem flight software integration analysis; perform software build and test; and update Software Development Files/Folders (SDFs).

	1.2a.2.3.4.1.3
	Program Management
	TC Subsystem Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the TC Subsystem Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.3.4.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the TC Subsystem Flight Software algorithms, or modification of historical/heritage TC Subsystem Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity (objects, classes, modules, CSC, etc.) Testing WBS for the affected software configuration item.

	1.2a.2.3.4.2
	Thermal Control Subsystem Custom Flight Software
	This WBS element is a summing element for the custom software for the TC Subsystem to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.2.3.4.2.x = 1
	Thermal Control Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Thermal Control Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the TC Subsystem.  

	1.2a.2.3.4.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the TC Subsystem.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.2.3.4.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the TC Subsystem.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.2.3.4.2.1.3
	Coding and Design Entity (objects, classes, modules, CSC, etc.) Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the TC Subsystem.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.2.3.4.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the TC Subsystem.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.2.3.4.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the TC Subsystem.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the Software Test Reports (STRs).

	1.2a.2.3.4.2.x = 2
	Thermal Control Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Thermal Control Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the TC Subsystem.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.2.3.4.2.x+1=3
	Thermal Control Subsystem Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the TC Subsystem.

	1.2a.2.3.4.3
	Thermal Control Subsystem Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the TC Subsystem COTS Flight Software.

	1.2a.2.3.4.4
	Thermal Control Subsystem Other Flight Software Costs
	This WBS element contains all the resources associated with TC Subsystem Flight Software items not included in WBS elements 1.2a.2.3.4.1 through 1.2a.2.3.4.3 above.

	1.2a.2.3.5
	Thermal Control Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of TC Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.2.3.6
	Thermal Control Subsystem Other Costs
	This WBS element contains all the resources associated with TC Subsystem hardware or software items not included in WBS elements 1.2a.2.3.1 through 1.2a.2.3.5 above.

	1.2a.2.4
	Electrical Power Subsystem
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of EPS Subsystem.  This subsystem generates, converts, regulates, stores and distributes electrical energy to spacecraft bus and Communication / Payload suites.

Included in the EPS Subsystem are Electrical Power SEIT/PM, Power Generation, Conditioning, and Storage; Flight Software; Support Equipment; and electrical Harnesses and Cables.

	1.2a.2.4.1
	Electrical Power Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the EPS Subsystem.  Included in the EPS Subsystem SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the EPS Subsystem is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of EPS Subsystem components.

	1.2a.2.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the EPS Subsystem.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall EPS Subsystem.  

The EPS Subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived EPS Subsystem requirements and interfaces.  This effort includes establishing EPS Subsystem-level requirements; subsystem/component or component/component interfaces; EPS Subsystem analyses, models and simulations; EPS Subsystem quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the EPS Subsystem.

	1.2a.2.4.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the EPS Subsystem.  It includes all resources necessary to integrate and test the EPS Subsystem components as a complete EPS Subsystem.  It includes EPS Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level EPS Subsystem component groupings or components should be carried at those levels

	1.2a.2.4.1.3
	Program Management
	EPS PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the EPS Subsystem.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.4.2
	Electrical Power Generation
	This WBS summing element contains all the resources specifically related to and limited to the design, development, and production of those components that provide for generation of spacecraft power.   Examples of spacecraft power generation are Solar Arrays and their associated electronics, Radioisotope Thermionic Generators, and other power sources.

	1.2a.2.4.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Electrical Power Generation.

I&T related to the higher-level spacecraft EPS Subsystem or to lower-level Solar Array and Solar Array Positioners should be carried at those levels.

	1.2a.2.4.2.2
	Solar Array
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solar Arrays.  The base unit of a Solar Array is the solar cell.  These cells are connected in series-parallel combinations that are either planar or concentrator.  Planar arrays contain solar cells that are mounted onto a surface with an adhesive.  Concentrator solar arrays increase the solar cell’s output by using reflective surfaces to focus more solar radiation on the cells.  This WBS includes Substrates, the Solar Cells, and a Support Structure, which together form a solar panel.  A solar array is made up of more than one solar panel.

	1.2a.2.4.2.2.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Solar Array.

I&T related to the higher-level Electrical Power Generation or to Solar Array Positioners should be carried at those levels.

	1.2a.2.4.2.2.2
	Substrates
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Substrates.

	1.2a.2.4.2.2.3
	Solar Cells
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solar Cells.

	1.2a.2.4.2.2.4
	Support Structure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Support Structure.

	1.2a.2.4.2.2.5
	Sun Sensor
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of a Sun Sensor supporting only the solar array.

	1.2a.2.4.2.3
	Solar Array Positioner
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Solar Array Positioner.  A Solar Array Positioner is associated with a panel-mounted configuration and tracks and points the solar array to get the best sun incidence angle, which increases the solar cell efficiency.   This WBS includes the Drive Assembly and the Drive Electronics.

	1.2a.2.4.2.3.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Solar Array Positioner.

I&T related to the higher-level Electrical Power Generation or to Solar Array should be carried at those levels.

	1.2a.2.4.2.3.2
	Drive Assembly
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Drive Assembly.

	1.2a.2.4.2.3.3
	Drive Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Drive Electronics.

	1.2a.2.4.2.4
	Radioisotope Thermionic Generator
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Radioisotope Thermionic Generators.

	1.2a.2.4.2.5
	Other Power Sources
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Other Power Sources.

	1.2a.2.4.3
	Electrical Power Conditioning
	This WBS summing element contains all the resources specifically related to and limited to the design, development, and production of those components that modify the raw power of the supply to satisfy the spacecraft electrical requirements.  Typical component breakouts include Power Control Electronics, Power Conversion Electronics, and Power Dissipation Devices.

	1.2a.2.4.3.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to Electrical Power Conditioning.

I&T related to the higher-level spacecraft EPS Subsystem or to the Power Control Electronics, Power Conversion Electronics, and Power Dissipation Devices should be carried at those levels.

	1.2a.2.4.3.2
	Power Control Electronics 
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Power Control Electronics.  The Power Control Electronics allow for power flow throughout the spacecraft.  This WBS includes Junction Boxes, and Pyrotechnics/Heater Controls.

	1.2a.2.4.3.2.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Power Control Electronics.

I&T related to the higher-level Electrical Power Conditioning or to Power Conversion Electronics and Power Dissipation Devices should be carried at those levels.

	1.2a.2.4.3.2.2
	Junction Boxes
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Junction Boxes.

	1.2a.2.4.3.2.3
	Pyrotechnics/Heater Controls
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Pyrotechnics/Heater Control electronics.

	1.2a.2.4.3.3
	Power Conversion Electronics
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Power Conversion Electronics.  The Power Conversion Electronics control and regulate the power distribution throughout the spacecraft.  This WBS includes Inverters, Converters, and Regulators.

	1.2a.2.4.3.3.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Power Conversion Electronics.

I&T related to the higher-level Electrical Power Conditioning or to Power Control Electronics and Power Dissipation Devices should be carried at those levels.

	1.2a.2.4.3.3.2
	Inverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Inverters.

	1.2a.2.4.3.3.3
	Converters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Converters.

	1.2a.2.4.3.3.4
	Regulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Regulators.

	1.2a.2.4.3.4
	Power Dissipation Devices 
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Power Dissipation Devices.  The Power Dissipation Devices dissipates power not used by the spacecraft.  This WBS includes Shunt Resistor Banks, and Dissipators.

	1.2a.2.4.3.4.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Power Conversion Electronics.

I&T related to the higher-level Electrical Power Conditioning or to Power Control Electronics and Power Conversion Electronics should be carried at those levels.

	1.2a.2.4.3.4.2
	Shunt Resistor Banks
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Shunt Resistor Banks.

	1.2a.2.4.3.4.3
	Dissipators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Dissipators.

	1.2a.2.4.4
	Electrical Power Storage
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Electrical Power Storage.  This element stores energy for peak-power demands and/or eclipse periods. It includes Rechargeable Batteries and Charge Control Electronics.

	1.2a.2.4.4.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Electrical Power Storage

I&T related to the higher-level Electrical Power Subsystem or to Rechargeable Batteries should be carried at those levels.

	1.2a.2.4.4.2
	Rechargeable Batteries
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Rechargeable Batteries.  Rechargeable Batteries convert chemical energy into electrical energy during discharge and electrical energy into chemical energy during charge.  This WBS includes Cells, Support Structure, and Interconnects.

	1.2a.2.4.4.2.1
	Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to the Rechargeable Batteries

I&T related to the higher-level Electrical Power Storage element should be carried at that level.

	1.2a.2.4.4.2.2
	Cells
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Cells.

	1.2a.2.4.4.2.3
	Support Structure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Support Structure.

	1.2a.2.4.4.2.4
	Interconnects
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Interconnects.

	1.2a.2.4.4.3
	Charge Control Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Charge Control Electronics.

	1.2a.2.4.5
	Harnesses & Cables 
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Harnesses & Cables that are used to provide electrical power throughout the spacecraft.

	1.2a.2.4.6
	Electrical Power Subsystem Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus EPS functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If EPS software functions cannot be separated from the Spacecraft Bus software functions then the combined resources will be carried in WBS 1.2a.2.8.  

	1.2a.2.4.6.1
	Electrical Power Subsystem Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with EPS Flight Software management, engineering, analysis, design, testing and all other Flight Software level efforts associated with the EPS as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting EPS Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.2.4.6.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the EPS Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall EPS Flight Software.  

The EPS Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived EPS Flight Software requirements and interfaces.  This effort includes establishing EPS Flight Software-level requirements; subsystem/function items or function item/ function item interfaces; EPS Flight Software analyses; models and simulations; EPS Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the EPS Flight Software.

	1.2a.2.4.6.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T verification and validation (V&V) of the EPS flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform EPS flight software integration analysis; perform software build and test; and update Software Development Files/Folders (SDFs).

	1.2a.2.4.6.1.3
	Program Management
	EPS Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the EPS Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.4.6.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the EPS Flight Software algorithms, or modification of historical/heritage EPS Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.2.4.6.2
	Electrical Power Subsystem Custom Flight Software
	This WBS element is a summing element for the custom software for the EPS to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.2.4.6.2.x = 1
	Electrical Power Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Electrical Power Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the EPS.  

	1.2a.2.4.6.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the EPS.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.2.4.6.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the EPS.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.2.4.6.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the EPS.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.2.4.6.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the EPS.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.2.4.6.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the EPS.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.2.4.6.2.x = 2
	Electrical Power Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Electrical Power Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the EPS.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.2.4.6.2.x+1=3
	Electrical Power Subsystem Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the EPS.

	1.2a.2.4.6.3
	Electrical Power Subsystem Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the EPS COTS Flight Software.

	1.2a.2.4.6.4
	Electrical Power Subsystem Other Flight Software Costs
	This WBS element contains all the resources associated with EPS Flight Software items not included in WBS elements 1.2a.2.4.6.1 through 1.2a.2.4.6.3 above.

	1.2a.2.4.7
	Electrical Power Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of EPS Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.2.4.8
	Electrical Power Subsystem Other Costs
	This WBS element contains all the resources associated with EPS Subsystem hardware or software items not included in WBS elements 1.2a.2.4.1 through 1.2a.2.4.7 above.

	1.2a.2.5
	Attitude Control Subsystem
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of ACS Subsystem, which determines and controls spacecraft orbital positions, attitudes, velocities and angular rates using onboard sensors and torque application devices.   It may also send control signals to PS components (e.g. thrusters), EPS solar array positioners and Communication / Payload positioner electronics. 

The ACS WBS includes the ACS SEIT/PM, Attitude Determination, Attitude Control, ACS Flight Software, and ACS Support Equipment.  It may also include sensors, electronics and mechanical devices for Safe-Mode control of the spacecraft. 

	1.2a.2.5.1
	Attitude Control Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the ACS Subsystem.  Included in this WBS element are all engineering, analysis, design, integration and test, management activities, and resources required to ensure the ACS Subsystem is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of ACS Subsystem components.

SEIT/PM involving multiple ACS Subsystem WBS items, or components from multiple ACS Subsystem items or components, are included in this WBS element.  SEIT/PM devoted to a single ACS Subsystem WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS. 

	1.2a.2.5.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the ACS Subsystem.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall ACS Subsystem.  

The ACS Subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived ACS Subsystem requirements and interfaces.  This effort includes establishing ACS Subsystem-level requirements; subsystem/component or component/component interfaces; ACS Subsystem analyses, models and simulations; ACS Subsystem quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the ACS.

	1.2a.2.5.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the ACS Subsystem.  It includes all resources necessary to integrate and test the ACS Subsystem components as a complete ACS Subsystem.  It includes ACS Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level ACS Subsystem component groupings or components should be carried at those levels.

	1.2a.2.5.1.3
	Program Management
	ACS PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the ACS.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.5.2
	Attitude Determination
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Attitude Determination equipment.  This subsystem function determines the spacecraft orbital positions, attitudes, velocities and angular rates using onboard sensors.

	1.2a.2.5.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Attitude Determination.

I&T related to the higher-level spacecraft ACS Subsystem or to lower-level Attitude Reference and Inertial Reference should be carried at those levels.

	1.2a.2.5.2.2
	Attitude Reference
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Attitude Reference. This grouping measures the attitude of the spacecraft with respect to some external reference. 

	1.2a.2.5.2.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Attitude Reference.

I&T related to the higher-level spacecraft Attitude Determination or to Inertial Reference should be carried at those levels.

	1.2a.2.5.2.2.2
	Star Trackers/Sensors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Star Trackers/Sensors.

	1.2a.2.5.2.2.3
	Earth (Horizon) Sensors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Earth (Horizon) Sensors.

	1.2a.2.5.2.2.4
	Sun Sensors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Sun Sensors.

	1.2a.2.5.2.2.5
	Magnetometers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Magnetometers.

	1.2a.2.5.2.3
	Inertial Reference
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Inertial Reference equipment. This grouping measures both rotational and translational motion. 

	1.2a.2.5.2.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Inertial Reference.

I&T related to the higher-level spacecraft Attitude Determination or to Attitude Reference should be carried at those levels.

	1.2a.2.5.2.3.2
	Inertial Reference Unit
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Inertial Reference Unit.

	1.2a.2.5.2.3.3
	Rate Gyro’s
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Rate Gyro’s.

	1.2a.2.5.2.3.4
	Accelerometers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Accelerometers.

	1.2a.2.5.2.4
	Bearing and Power Transfer Assembly (BAPTA)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Bearing and Power Transfer Assembly (BAPTA).

	
	GPS Receiver (See TT&C 1.2a.2.7.3.8)
	

	1.2a.2.5.3
	Attitude Control
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Attitude Control equipment.  This grouping controls spacecraft orbital positions, attitudes, velocities and angular rates using onboard devices.  

	1.2a.2.5.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Attitude Control.

I&T related to the higher-level spacecraft ACS or to lower-level Gyro Stabilization Devices.

	1.2a.2.5.3.2
	Gyro Stabilization Devices
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Gyro Stabilization Devices. This grouping provides angular stabilization to the spacecraft. 

	1.2a.2.5.3.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Gyro Stabilization Devices.

I&T related to the higher-level spacecraft ACS should be carried at that level.

	1.2a.2.5.3.2.2
	Reaction Wheels
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Reaction Wheels.

	1.2a.2.5.3.2.3
	Momentum Wheels
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Momentum Wheels.

	1.2a.2.5.3.2.4
	Control Moment Gyro’s
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Control Moment Gyro’s.

	1.2a.2.5.3.2.5
	Energy Storage Devices (Flywheels)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Energy Storage Devices (Flywheels).

	1.2a.2.5.3.3
	Magnetic Control Devices
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Magnetic Control Devices, which apply torque (torquers).

	1.2a.2.5.3.4
	Spin Control Devices
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Spin Control Devices, which include nutation and wobble dampers.

	1.2a.2.5.3.5
	Control Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Control Electronics.

	
	Reaction Control Propulsion (see Propulsion)
	

	1.2a.2.5.4
	Attitude Control Subsystem Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus ACS functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If ACS software functions cannot be separated from the Spacecraft Bus software functions then the combined resources will be carried in WBS 1.2a.2.8.  

	1.2a.2.5.4.1
	Attitude Control Subsystem Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with ACS Flight Software management, engineering, analysis, design, testing and all other Flight Software level efforts associated with the ACS as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting ACS Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.2.5.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the ACS Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall ACS Flight Software.  

The ACS Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived ACS Flight Software requirements and interfaces.  This effort includes establishing ACS Flight Software-level requirements; subsystem/function items or function item/ function item interfaces; ACS Flight Software analyses; models and simulations; ACS Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the ACS Flight Software.

	1.2a.2.5.4.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T verification and validation (V&V) of the ACS flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform ACS flight software integration analysis; perform software build and test; and update Software Development Files/Folders (SDFs).

	1.2a.2.5.4.1.3
	Program Management
	ACS Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the ACS Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.5.4.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the ACS Flight Software algorithms, or modification of historical/heritage ACS Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.2.5.4.2
	Attitude Control Subsystem Custom Flight Software
	This WBS element is a summing element for the custom software for the ACS to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.2.5.4.2.x = 1
	Attitude Control Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Attitude Control Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the ACS.  

	1.2a.2.5.4.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the ACS.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.2.5.4.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the ACS.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.2.5.4.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the ACS.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.2.5.4.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the ACS.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.2.5.4.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the ACS.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.2.5.4.2.x = 2
	Attitude Control Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Attitude Control Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the ACS.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.2.5.4.2.x+1=3
	Attitude Control Subsystem Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the ACS.

	1.2a.2.5.4.3
	Attitude Control Subsystem Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the ACS COTS Flight Software.

	1.2a.2.5.4.4
	Attitude Control Subsystem Other Flight Software Costs
	This WBS element contains all the resources associated with ACS Flight Software items not included in WBS elements 1.2a.2.5.4.1 through 1.2a.2.5.4.3 above.

	1.2a.2.5.5
	Attitude Control Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of ACS Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.2.5.6
	Attitude Control Subsystem Other Costs
	This WBS element contains all the resources associated with ACS hardware or software items not included in WBS elements 1.2a.2.5.1 through 1.2a.2.5.5 above.

	1.2a.2.6
	Propulsion Subsystem
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of the PS.   Included are the PS SEIT/PM, Tanks, Plumbing, Thrusters, Solid Rocket Motors, Liquid Propellants, and Support Equipment.

	1.2a.2.6.1
	Propulsion Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the PS.  Included in the PS SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the PS is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of PS components.

SEIT/PM involving multiple PS WBS items, or components from multiple PS items or components, are included in this WBS element.  SEIT/PM devoted to a single PS WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

	1.2a.2.6.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the PS.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall PS.  

The PS SE function is responsible for the analysis, derivation, allocation, and traceability of derived PS requirements and interfaces.  This effort includes establishing PS -level requirements; subsystem/component or component/component interfaces; PS analyses, models and simulations; PS quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the PS.

	1.2a.2.6.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the PS It includes all resources necessary to integrate and test the PS components as a complete PS.  It includes PS I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level PS component groupings or components should be carried at those levels.

	1.2a.2.6.1.3
	Program Management
	PS PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the PS.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.6.2
	Tanks
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Tanks. 

	1.2a.2.6.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Tanks.

I&T related to the higher-level spacecraft PS should be carried at that level.

	1.2a.2.6.2.2
	Oxidizer Tanks
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Oxidizer Tanks.

	1.2a.2.6.2.3
	Fuel Tanks
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Fuel Tanks.

	1.2a.2.6.2.4
	Monopropellant Tanks
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Monopropellant Tanks.

	1.2a.2.6.2.5
	Pressurant Tanks
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Pressurant Tanks.

	1.2a.2.6.3
	Plumbing
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Plumbing. 

	1.2a.2.6.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Plumbing.

I&T related to the higher-level spacecraft PS should be carried at that level.

	1.2a.2.6.3.2
	Fluid Lines & Manifolds
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Fluid Lines & Manifolds for propellants and oxidizers.

	1.2a.2.6.3.3
	Valves
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Valves.

	1.2a.2.6.3.4
	Regulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Regulators.

	1.2a.2.6.3.5
	Flowmeters, Transducers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Flowmeters and Transducers.

	1.2a.2.6.3.6
	Filters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Filters.

	1.2a.2.6.4
	Thrusters
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Thrusters. 

	1.2a.2.6.4.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Thrusters.   I&T related to the higher-level spacecraft PS should be carried at that level.

	1.2a.2.6.4.2
	Bipropellant
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Bipropellant thrusters.

	1.2a.2.6.4.3
	Monopropellant
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Monopropellant thrusters.

	1.2a.2.6.4.4
	Electric
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric thrusters.

	1.2a.2.6.4.5
	Cold-gas
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Cold-gas thrusters.

	1.2a.2.6.5
	Solid Rocket Motors
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of the Solid Rocket Motors.  These motors provide reaction force for the final spacecraft maneuver into orbit and for orbit changes.  

	1.2a.2.6.5.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Solid Rocket Motors.  I&T related to the higher-level spacecraft PS should be carried at that level.

	1.2a.2.6.5.2
	Apogee Kick Motor
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Apogee Kick Motor.

	1.2a.2.6.5.3
	Service Rockets
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of the Service Rockets. 

	1.2a.2.6.5.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Pyrotechnics.  I&T related to the higher-level spacecraft PS and the Solid Rocket Motors should be carried at those levels.

	1.2a.2.6.5.3.2
	Separation Motors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Separation Motors.

	1.2a.2.6.5.3.3
	Spin Rockets
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Spin Rockets.

	1.2a.2.6.5.4
	Solid Propellants
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid Propellants.

	1.2a.2.6.6
	Liquid Propellants
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Liquid Propellants.

	1.2a.2.6.7
	Propulsion Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of PS Support Equipment. Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	
	Electronics (See ACS)
	

	1.2a.2.6.8
	Propulsion Subsystem Other Costs
	This WBS element contains all the resources associated with PS hardware or software items not included in WBS elements 1.2a.2.6.1 through 1.2a.2.6.7 above.

	1.2a.2.7
	Telemetry, Tracking, and Command Subsystem
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of the TT&C.   Functions performed by the TT&C subsystem include: (a) formatting and transmitting telemetry (on narrowband links);  (b) accepting, decoding, verifying, and storing uplink commands; and (c) generating command and control signals for the Spacecraft Bus and Communication / Payload suites based on uplink commands and/or internally generated data. The TT&C may also (a) provide timing signals to the Spacecraft Bus and Communication / Payload suites;  (b) perform on-board attitude determination, ephemeris calculations and ACS equipment control (if these are not performed by dedicated ACS computers/electronic components); and (c) perform thruster control, electrical power monitoring/ and control (if these are not performed by dedicated PS and EPS components, respectively).

The TT&C Subsystem includes TT&C SEIT/PM, Passive RF Components, Other RF, Other Electronics, Flight Software, and Support Equipment.

	1.2a.2.7.1
	Telemetry, Tracking, and Command Subsystem SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the TT&C Subsystem.  Included in the TT&C Subsystem SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the TT&C Subsystem is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of TT&C Subsystem components.

SEIT/PM involving multiple TT&C Subsystem WBS items, or components from multiple TT&C Subsystem items or components, are included in this WBS element.  SEIT/PM devoted to a single TT&C Subsystem WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS. 

	1.2a.2.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the TT&C Subsystem.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall TT&C Subsystem.  

The TT&C Subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived TT&C Subsystem requirements and interfaces.  This effort includes establishing TT&C Subsystem-level requirements; subsystem/component or component/component interfaces; TT&C Subsystem analyses, models and simulations; TT&C Subsystem quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the TT&C Subsystem.

	1.2a.2.7.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the TT&C Subsystem.  It includes all resources necessary to integrate and test the TT&C Subsystem components as a complete TT&C Subsystem.  It includes TT&C Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Spacecraft Bus, to other Spacecraft Bus subsystems, or to lower-level TT&C Subsystem component groupings or components should be carried at those levels.

	1.2a.2.7.1.3
	Program Management
	TT&C PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the TT&C.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.7.2
	Passive RF Components
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Passive RF Components. 

	1.2a.2.7.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to primary and secondary structures.

I&T related to the higher-level spacecraft TT&C Subsystem or to lower-level Antennas and RF Plumbing should be carried at those levels.

	1.2a.2.7.2.2
	Antennas
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of the Antennas. 

	1.2a.2.7.2.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Antennas.

I&T related to higher-level Passive RF Components should be carried at that level.

	1.2a.2.7.2.2.2
	Omni
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Omni antennas.

	1.2a.2.7.2.2.3
	Spiral
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Spiral antennas.

	1.2a.2.7.2.2.4
	Horn
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Horn antennas.

	1.2a.2.7.2.2.5
	Patch
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Patch antennas.

	1.2a.2.7.2.3
	RF Plumbing
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of RF Plumbing. 

	1.2a.2.7.2.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to RF Plumbing.

I&T related to higher-level Passive RF Components should be carried at that level.

	1.2a.2.7.2.3.2
	Diplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Diplexers.

	1.2a.2.7.2.3.3
	Triplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Triplexers.

	1.2a.2.7.2.3.4
	Multiplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multiplexers.

	1.2a.2.7.2.3.5
	Multicouplers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multicouplers.

	1.2a.2.7.2.3.6
	Coaxial Switches
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coaxial Switches.

	1.2a.2.7.2.3.7
	RF Switches
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of RF Switches.

	1.2a.2.7.2.3.8
	Filters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Filters.

	1.2a.2.7.2.3.9
	Waveguide
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Waveguides and Waveguide assemblies.

	1.2a.2.7.2.3.10
	Harnesses and Cables
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Harnesses and Cables (including coaxial and fiber optic) used for electronic communications.

	1.2a.2.7.3
	Other RF
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Other RF components. 

	1.2a.2.7.3.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Other RF.

I&T related to the higher-level spacecraft TT&C Subsystem should be carried at that level.

	1.2a.2.7.3.2
	Receivers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Receivers.

	1.2a.2.7.3.3
	Transmitters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transmitters.

	1.2a.2.7.3.4
	Transponders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transponders.

	1.2a.2.7.3.5
	Modulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Modulators.

	1.2a.2.7.3.6
	Demodulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Demodulators.

	1.2a.2.7.3.7
	Power Amplifiers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Power Amplifiers. 

	1.2a.2.7.3.7.1
	Traveling Wave Tube Assembly (TWTA)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of TWTAs.

	1.2a.2.7.3.7.2
	Solid State Power Amplifiers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Power Amplifiers.

	1.2a.2.7.3.8
	GPS Receivers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of GPS Receivers.

	1.2a.2.7.3.9
	Downconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Downconverters.

	1.2a.2.7.3.10
	Upconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Upconverters.

	1.2a.2.7.4
	Other Electronics
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Other Electronics. 

	1.2a.2.7.4.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Other Electronics.

I&T related to the higher-level spacecraft TT&C Subsystem should be carried at that level.

	1.2a.2.7.4.2
	Processors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Processors.

	1.2a.2.7.4.3
	Solid State Memory
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Memory.

	1.2a.2.7.4.4
	Decoders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Decoders.

	1.2a.2.7.4.5
	Command Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Command Processing Units.

	1.2a.2.7.4.6
	Telemetry Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Telemetry Processing Units.

	1.2a.2.7.4.7
	Command Sequencers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Command Sequencers.

	1.2a.2.7.4.8
	Timing Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Timing Units.

	1.2a.2.7.4.9
	Frequency Generators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Frequency Generators.

	1.2a.2.7.4.10
	Signal Conditioners
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Signal Conditioners.

	1.2a.2.7.4.11
	Data Switches
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Data Switches.

	1.2a.2.7.4.12
	COMSEC
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of COMSEC components.

	1.2a.2.7.4.13
	Interface Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Interface Units.

	1.2a.2.7.4.14
	Tape Recorders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Tape Recorders.

	1.2a.2.7.4.15
	Disk Recorders 
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Disk Recorders.

	1.2a.2.7.5
	Telemetry, Tracking, and Command Subsystem Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus TT&C functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If TT&C software functions cannot be separated from the Spacecraft Bus software functions then the combined resources will be carried in WBS 1.2a.2.8.  

	1.2a.2.7.5.1
	Telemetry, Tracking, and Command Subsystem Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with TT&C Flight Software management, engineering, analysis, design, testing and all other Flight Software level efforts associated with the TT&C as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting TT&C Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.2.7.5.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the TT&C Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall TT&C Flight Software.  

The TT&C Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived TT&C Flight Software requirements and interfaces.  This effort includes establishing TT&C Flight Software-level requirements; subsystem/function items or function item/ function item interfaces; TT&C Flight Software analyses; models and simulations; TT&C Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the TT&C Flight Software.

	1.2a.2.7.5.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T verification and validation (V&V) of the TT&C flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform TT&C flight software integration analysis; perform software build and test; and update Software Development Files/Folders (SDFs).

	1.2a.2.7.5.1.3
	Program Management
	TT&C Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the TT&C Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.7.5.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the TT&C Flight Software algorithms, or modification of historical/heritage TT&C Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.2.7.5.2
	Telemetry, Tracking, and Command Subsystem Custom Flight Software
	This WBS element is a summing element for the custom software for the TT&C to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.2.7.5.2.x = 1
	Telemetry, Tracking, and Command Subsystem Custom Flight Software First Configuration Item  (x = 1 which is the first custom software configuration item for the Telemetry, Tracking, and Command Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the TT&C.  

	1.2a.2.7.5.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the TT&C.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.2.7.5.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the TT&C.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.2.7.5.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the TT&C.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.2.7.5.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the TT&C.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.2.7.5.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the TT&C.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.2.7.5.2.x = 2
	Telemetry, Tracking, and Command Subsystem Custom Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Telemetry, Tracking, and Command Subsystem)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the TT&C.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.2.7.5.2.x+1=3
	Telemetry, Tracking, and Command Subsystem Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the TT&C.

	1.2a.2.7.5.3
	Telemetry, Tracking, and Command Subsystem Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the TT&C COTS Flight Software.

	1.2a.2.7.5.4
	Telemetry, Tracking, and Command Subsystem Other Flight Software Costs
	This WBS element contains all the resources associated with TT&C Flight Software items not included in WBS elements 1.2a.2.7.5.1 through 1.2a.2.7.5.3 above.

	1.2a.2.7.6
	Telemetry, Tracking, and Command Subsystem Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of TT&C Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.2.7.7
	Telemetry, Tracking, and Command Subsystem Other Costs
	This WBS element contains all the resources associated with TT&C Subsystem hardware or software items not included in WBS elements 1.2a.2.7.1 through 1.2a.2.7.6 above.

	1.2a.2.8
	Spacecraft Bus Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft functions. If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If flight software cannot be separated to the Spacecraft Bus subsystems or between the Spacecraft Bus and the Communication / Payload Equipment, then the combined resources will be carried in this WBS.  Otherwise, Software for performing Spacecraft Bus subsystems function or Communication / Payload Equipment functions is included in the appropriate subsystem or Communication / Payload Equipment WBS elements.

	1.2a.2.8.1
	Spacecraft Bus Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Spacecraft Bus Flight Software management, engineering, analysis, design, testing and all other Spacecraft Bus Flight Software level efforts associated with the Spacecraft Bus Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Spacecraft Bus flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

SEIT/PM involving multiple Spacecraft Bus Flight Software WBS items, or flight functions from multiple Spacecraft Bus Flight Software items, are included in this WBS element. SEIT/PM devoted to a single Spacecraft Bus Flight Software WBS item, or functions thereof, is excluded here and included in the appropriate flight function element level SEIT/PM WBS.

	1.2a.2.8.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Spacecraft Bus Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Spacecraft Bus Flight Software.  

The Spacecraft Bus Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Spacecraft Bus Flight Software requirements and interfaces.  This effort includes establishing Spacecraft Bus Flight Software-level requirements; subsystem/function items or function item/ function item interfaces; Spacecraft Bus Flight Software analyses, models and simulations; Spacecraft Bus Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Spacecraft Bus Flight Software.

	1.2a.2.8.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Spacecraft Bus flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Spacecraft Bus flight software integration analysis; perform software build and test; and update SDFs.

	1.2a.2.8.1.3
	Program Management
	Spacecraft Bus Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Spacecraft Bus Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.2.8.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Spacecraft Bus Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.2.8.n = 2
	Spacecraft Bus Flight Software First Flight Function (n = 2 which is the first Spacecraft Bus software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Spacecraft Bus first flight function COTS and custom flight (n = 2) software.

	1.2a.2.8.2.1
	Spacecraft Bus Flight Software First Flight Function SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the Spacecraft Bus Flight Software first flight function Custom and COTS Software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

I&T involving multiple Spacecraft Bus Flight Software First Flight Function configuration items, or components thereof are included in this WBS element.  I&T devoted to a single Spacecraft Bus Flight Software First Flight Function configuration item, or components thereof, is excluded here and included in the appropriate configuration item test level.

	1.2a.2.8.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Spacecraft Bus Flight Software First Flight Function.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Spacecraft Bus Flight Software First Flight Function.

The SE function is responsible for the analysis, derivation, allocation, and traceability of derived Spacecraft Bus Flight Software First Flight Function requirements and interfaces.  This effort includes establishing Spacecraft Bus Flight Software First Flight Function-level requirements; function/configuration item, configuration item/configuration item, or external/internal interfaces; Spacecraft Bus Flight Software First Flight Function analyses, models and simulations; Spacecraft Bus Flight Software First Flight Function-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Spacecraft Bus Flight Software First Flight Function.

	1.2a.2.8.2.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Spacecraft Bus Flight Software First Flight Function.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform Spacecraft Bus flight software first flight function integration analysis; perform software build and test; and update SDFs.

	1.2a.2.8.2.1.3
	Program Management
	Spacecraft Bus Flight Software First Flight Function PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Spacecraft Bus Flight Software First Flight Function.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management

	1.2a.2.8.2.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Spacecraft Bus Flight Software First Flight Function software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.2.8.2.2
	Spacecraft Bus Flight Software First Flight Function Custom Software
	This WBS element is a summing element for the first flight function custom software for the Spacecraft Bus. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the first flight function custom software.

	1.2a.2.8.2.2.x = 1
	Spacecraft Bus Flight Software First Flight Function Configuration Item one (x = 1 which is the first software configuration item for the first Spacecraft Bus Software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Spacecraft Bus Flight Software First Flight Function.  

	1.2a.2.8.2.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item requirements analysis for the Spacecraft Bus Flight Software First Flight Function.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.2.8.2.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item design for the Spacecraft Bus Flight Software First Flight Function.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.2.8.2.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item coding and design entity testing for the Spacecraft Bus Flight Software First Flight Function.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.2.8.2.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item design entity I&T for the Spacecraft Bus Flight Software First Flight Function.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.2.8.2.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item testing for the Spacecraft Bus Flight Software First Flight Function.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.2.8.2.2.x = 2
	Spacecraft Bus Flight Software First Flight Function Configuration Item two (x = 2 which is the second software configuration item for the first Spacecraft Bus flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item) for the Spacecraft Bus Flight Software First Flight Function.

	
	(See the WBS breakout for the first flight function first software configuration item)
	

	1.2a.2.8.2.2.x+1 = 3
	Spacecraft Bus Flight Software First Flight Function Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Spacecraft Bus Flight Software First Flight Function.

	1.2a.2.8.2.3
	Spacecraft Bus Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Spacecraft Bus Flight Software First Flight Function COTS software.

	1.2a.2.8.2.4
	Spacecraft Bus Flight Software First Flight Function Other Software Costs
	This WBS element contains all the resources associated with Spacecraft Bus Flight Software First Flight Function items not included in WBS elements 1.2a.2.8.2.1 through 1.2a.2.8.2.3 above.

	1.2a.2.8.n = 3
	Spacecraft Bus Flight Software Second Flight Function (n = 3 which is the second Spacecraft Bus software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all COTS and custom flight function (n = 3) software for the Spacecraft Bus Flight Software Second Flight Function.

	
	(See the WBS breakout for the first software flight function)
	

	1.2a.2.8.n+1 = 4
	Spacecraft Bus Flight Software Other Costs
	This WBS element contains all the resources associated with Spacecraft Bus Flight Software items not included in WBS elements 1.2a.2.8.1 through 1.2a.2.8.n=3 above.

	1.2a.2.9
	Spacecraft Bus Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Spacecraft Bus Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3
	Communication / Payload
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of Communication / Payload.  It includes Communication / Payload SEIT/PM, the Communication suites, the Payload suites, the Flight Software, and Support Equipment.

It includes all resources to provide the Communication / Payload as an integrated product for integration with the spacecraft bus, as required.  However, it excludes integration and assembly of the Communication / Payload into a spacecraft, which is included in WBS 1.2a.1 (Spacecraft SEIT/PM).  Also excluded are remote Command and Telemetry units supporting Communication / Payload, which are included in WBS 1.2a.2.7 (Spacecraft Bus TT&C Subsystem).

	1.2a.3.1
	Communication / Payload SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication / Payload. Included in the Communication / Payload SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Communication / Payload is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Communication / Payload.

SEIT/PM involving multiple Communication / Payload WBS items, or components from multiple Communication / Payload items, are included in this WBS element. SEIT/PM devoted to a single Communication / Payload WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Communication / Payload related SEIT/PM costs are not separable from Spacecraft Bus Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in Spacecraft SEIT/PM (see WBS 1.2a.1).

	1.2a.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication / Payload.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication / Payload.  

The Communication / Payload SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication / Payload requirements and interfaces.  This effort includes establishing Communication / Payload-level requirements; interfaces; Communication / Payload analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication / Payload.

	1.2a.3.1.2
	Integration & Test
	This WBS element represents Communication / Payload I&T and includes all resources necessary to integrate the Communication / Payload suites into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; development of software for supporting Communication / Payload I&T; and review, analysis and documentation of Communication / Payload test results.

Tests involving multiple Communication / Payload WBS items, or components from multiple Communication / Payload items, are included in this WBS element. I&T devoted to a single Communication / Payload WBS item, or components thereof, is excluded here and included in the appropriate element level WBS (1.X.2.N).

Support for the Spacecraft Bus level I&T provided by the producer/integrator of the Communication / Payload is included in this WBS element.

	1.2a.3.1.3
	Program Management
	Communication / Payload PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication / Payload.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Communication / Payload.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Communication / Payload.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Communication / Payload with maximum efficiency.  

	1.2a.3.2
	Communication
	This Communication WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration.  These Communication suites transmit and/or receive mission data from ground stations and/or other spacecraft.  This WBS includes Communication SEIT/PM, and all required Communication suites.

	1.2a.3.2.1
	Communication SEIT/PM
	This WBS summing element represents the overall management, technical direction and integration of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration, as an entity. 

Included in Communication SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Communication WBS is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Communication component.

SEIT/PM involving multiple Communication WBS suites, or components from multiple Communication suites are included in this WBS element. SEIT/PM devoted to a single Communication suite, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Communication related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in the Spacecraft SEIT/PM.

	1.2a.3.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with overall Communication.  

The Communication SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication requirements and interfaces.  This effort includes establishing Communication-level requirements; system/package or package/package interfaces; Communication analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of Communication.

	1.2a.3.2.1.2
	Integration & Test
	This WBS element represents Communication I&T and includes all resources necessary to integrate the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration, into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Communication I&T; and review, analysis and documentation of Communication test results.

Tests involving multiple Communication suites, or components from multiple Communication suites are included in this WBS element.  I&T devoted to a single Communication suite or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Communication /Payload and or Spacecraft Bus level I&T provided by the producer/integrator of Communication is included in this WBS element.

	1.2a.3.2.1.3
	Program Management
	Communication PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Communication WBS, which consists of one or more Communication suites in a multiple Communication suite configuration.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain Communication with maximum efficiency.  

	1.2a.3.2.n = 2
	Communication #1 (n = 2 or the First Communication suite in a Spacecraft multiple Communication suite configuration)
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the first Communication suite in a Spacecraft multiple Communication suite configuration.  

Communication #1 transmits and/or receives mission data from ground stations and/or other spacecraft. Included are remote command and telemetry components that interface with Communication #1 equipment and the TT&C subsystem for purposes of commanding Communication #1 components and monitoring their status.

TT&C commands and telemetry may be multiplexed with the mission data; this WBS element includes hardware components and efforts that are used for both TT&C and mission data transmit/receive functions, but it excludes hardware components and efforts that are devoted exclusively to TT&C functions (except the command and telemetry interfaces described above).

This WBS element includes the Communication #1 SEIT/PM, Structures and Mechanisms, Thermal Control, Optics, Sensors, Laser, Power Supplies, RF Electronics, Digital Electronics, Data Storage, Antenna(s), Flight Software, and Support Equipment.

	1.2a.3.2.2.1
	Communication #1 SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1. Included in Communication #1 SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure Communication #1 is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of Communication #1.

SEIT/PM involving multiple Communication #1 WBS items, or components from multiple Communication #1 items, are included in this WBS element. SEIT/PM devoted to a single Communication #1 WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Communication #1 related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM, the combined SEIT/PM costs are included in the Communication / Payload SEIT/PM.  Likewise, if the Communication #1 related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in the Spacecraft SEIT/PM.

	1.2a.3.2.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of Communication #1.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1.  

The Communication #1 SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 requirements and interfaces.  This effort includes establishing Communication #1-level requirements; interfaces; Communication #1 analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1.

	1.2a.3.2.2.1.2
	Integration & Test
	This WBS element represents Communication #1 I&T and includes all resources necessary to integrate Communication #1 into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Communication #1 I&T; and review, analysis and documentation of Communication #1 test results.

Tests involving multiple Communication #1 WBS items, or components from multiple Communication #1 items, are included in this WBS element. I&T devoted to a single Communication #1 WBS item, or components thereof, is excluded here and included in the appropriate element level WBS (1.X.2.N).

Support for the Communication / Payload level I&T provided by the producer/integrator of the Communication #1 is included in this WBS element.

	1.2a.3.2.2.1.3
	Program Management
	Communication #1 PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of Communication #1.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of Communication #1.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.2.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of Communication #1.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain Communication #1 with maximum efficiency.  

	1.2a.3.2.2.2
	Communication #1 Structures & Mechanisms
	This WBS element is a summing element for the complete Communication #1 Structures & Mechanisms containing all the resources associated with the design, development, fabrication, assembly, quality control/assurance, and test to include verification testing of Communication #1 structure, mechanisms, structures with integral (non-removable) thermal control, pyrotechnics and support equipment.  It also includes the Communication #1 Structures & Mechanisms SEIT/PM, or components thereof. 

	1.2a.3.2.2.2.1
	Communication #1 Structures & Mechanisms SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1 Structures & Mechanisms.  Included in the Communication #1 Structures & Mechanisms SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the Communication #1 Structures & Mechanisms is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of Communication #1 Structures & Mechanisms components.

SEIT/PM related to the higher-level Communication #1 or to lower-level Communication #1 Structures & Mechanisms component groupings or components (I&T) should be carried at those levels.

	1.2a.3.2.2.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Structures & Mechanisms.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Structures & Mechanisms.  

The Communication #1 Structures & Mechanisms SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Structures & Mechanisms requirements and interfaces.  This effort includes establishing Communication #1 Structures & Mechanisms-level requirements; interfaces; Communication #1 Structures & Mechanisms analyses, models and simulations; Communication #1 Structures & Mechanisms quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Structures & Mechanisms.

	1.2a.3.2.2.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Communication #1 Structures & Mechanisms.  It includes all resources necessary to integrate and test the Communication #1 Structures & Mechanisms components as a complete Communication #1 Structures & Mechanisms.  It includes Communication #1 Structures & Mechanisms I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Communication #1, or to lower-level Communication #1 Structures & Mechanisms component groupings or components should be carried at those levels

	1.2a.3.2.2.2.1.3
	Program Management
	Communication #1 Structures & Mechanisms PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Structures & Mechanisms.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.2.2
	Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Communication #1 components and assemblies during launch, orbit injection, and on‑orbit operations.  This element includes small equipment compartments or pallets that house Communication / Payload electronics and are provided as part of Communication / Payload Equipment plus Booms exclusively for supporting Communication / Payload Equipment components or assemblies.  Similarly, when a structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.3.2.2.2.4.

	1.2a.3.2.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to primary and secondary structures.

I&T related to the higher-level Communication #1 Structures & Mechanisms or to lower-level primary and secondary structure component groupings should be carried at those levels.

	1.2a.3.2.2.2.2.2
	Primary Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Communication #1 components and assemblies during launch, orbit injection, and on‑orbit operations. Where Communication / Payload Equipment structural support end items cannot be separated, they will be carried in WBS 1.2a.2.2.2.2.   If the items can be separated, they should be carried in this WBS element.

It includes items such as load carrying shells and trusses; equipment compartments; booms; and adapters specifically related and limited to Communication #1.  

	1.2a.3.2.2.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Primary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.3.2.2.2.2.2.2
	Load Carrying Shell/Truss
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Load Carrying Shell and Truss.

	1.2a.3.2.2.2.2.2.3
	Equipment Compartments
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Compartments.

	1.2a.3.2.2.2.2.2.4
	Booms
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Booms.

	1.2a.3.2.2.2.2.2.5
	Adapters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Adapters.

	1.2a.3.2.2.2.2.3
	Secondary Structures
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Secondary Structures.  It includes items such as mounting equipment and ballast weight.

	1.2a.3.2.2.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Secondary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.3.2.2.2.2.3.2
	Equipment Mounting
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Mounting devices.

	1.2a.3.2.2.2.2.3.3
	Ballast Weight
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ballast Weight.

	1.2a.3.2.2.2.3
	Mechanisms
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test these hardware end items, which deploy and support antennas and other Communication #1 components -- to the extent that the mechanisms are separable from the support structure and components they support.

	1.2a.3.2.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Mechanisms.

I&T related to the higher-level Communication #1 Structures & Mechanisms should be carried at that level.

	1.2a.3.2.2.2.3.2
	Positioning 
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Positioning components.

	1.2a.3.2.2.2.3.3
	Deployment & Stowage Equipment
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Deployment and Stowage Equipment.

	1.2a.3.2.2.2.4
	Structures with Thermal Control
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of those hardware components that not only provide structural support for all of Communication #1 components, but also contain integral (non-removable) thermal control provisions such as heat sinks.  (Where these end items cannot be separated from Spacecraft end items, they should be carried in WBS element 1.2a.2.2.4)

When a Communication #1 structural component has thermal control provisions which has separately identified costs, then that structural item is included in WBS 1.2a.3.2.2.2 while the separately identified thermal control provisions are included in WBS 1.2a.3.2.2.3.

	1.2a.3.2.2.2.5
	Pyrotechnics
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test of those hardware components that provide reaction force for separation maneuvers.  These devices include initiator squibs and ordnance separation units.

	1.2a.3.2.2.2.5.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Pyrotechnics.

I&T related to the higher-level Communication #1 Structures & Mechanisms should be carried at that level.

	1.2a.3.2.2.2.5.2
	Initiator Squibs
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Initiator Squibs.

	1.2a.3.2.2.2.5.3
	Ordnance Separation Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ordnance Separation Units.

	1.2a.3.2.2.2.6
	Communication #1 Structures & Mechanisms Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Structures & Mechanisms Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.2.7
	Communication #1 Structures & Mechanisms Other Costs
	This WBS element contains all the resources associated with Communication #1 Structures & Mechanisms hardware or software items not included in WBS elements 1.2a.3.2.2.2.1 through 1.2a.3.2.2.2.6 above.

	1.2a.3.2.2.3
	Communication #1 Thermal Control
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Thermal Control.  The Communication #1 Thermal Control maintains the temperatures of all Communication #1 components within acceptable limits during ground test, launch and on‑orbit operations.  The components may be either active or passive, including multi-layer thermal insulation blankets, surface coatings (thermal paint), mirrors with optical coatings, thermal tape, heat pipes, heat sinks, active coolers, heaters, thermisters, thermal conducting elements and radiator panels. 

In cases where Communication / Payload thermal control provisions are an integral portion of the Spacecraft thermal control provisions, the thermal control provisions are included in the Spacecraft WBS element 1.2a.2.3.  Similarly, when a Communication #1 structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.3.2.2.2.4.

	1.2a.3.2.2.3.1
	Communication #1 Thermal Control SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1 Thermal Control.  Included in the Communication #1 Thermal Control SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the Communication #1 Thermal Control is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of Communication #1 Thermal Control components.

SEIT/PM related to the higher-level Communication #1, or to lower-level Communication #1 Thermal Control component groupings or components (I&T) should be carried at those levels.

	1.2a.3.2.2.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Thermal Control.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Thermal Control.  

The Communication #1 Thermal Control SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Thermal Control requirements and interfaces.  This effort includes establishing Communication #1 Thermal Control-level requirements; interfaces; Communication #1 Thermal Control analyses, models and simulations; Communication #1 Thermal Control quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Thermal Control.

	1.2a.3.2.2.3.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Communication #1 Thermal Control.  It includes all resources necessary to integrate and test the Communication #1 Thermal Control components as a complete Communication #1 Thermal Control.  It includes Communication #1 Thermal Control I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Communication #1, or to lower-level Communication #1 Thermal Control component groupings or components should be carried at those levels.

	1.2a.3.2.2.3.1.3
	Program Management
	Communication #1 Thermal Control PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Thermal Control.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.3.2
	Active Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those active components that maintain the temperatures of all Communication #1 components, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Cryogenic Devices, Liquid Loops, Electric Cooling (Thermoelectric), Electric Heaters Thermisters & Thermostats, and Shutters.

	1.2a.3.2.2.3.2.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to Communication #1 Thermal Control Active Devices.

I&T related to the higher-level Communication #1 Thermal Control should be carried at that level.

	1.2a.3.2.2.3.2.2
	Cryogenic Devices
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Cryogenic Devices.

	1.2a.3.2.2.3.2.3
	Liquid Loops
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Liquid Loops.

	1.2a.3.2.2.3.2.4
	Electric Cooling (Thermoelectric)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Cooling (Thermoelectric) Units.

	1.2a.3.2.2.3.2.5
	Electric Heaters Thermisters & Thermostats
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Heaters Thermisters & Thermostats.

	1.2a.3.2.2.3.2.6
	Shutters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Shutters.

	1.2a.3.2.2.3.3
	Passive Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those passive components that maintain the temperatures of all Communication #1 components, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Radiator Panels/Fins, Coatings, Heat Pipes, Insulation, Conductive Structures, Louvers, Sun Shields, and Second Surface Mirrors.

	1.2a.3.2.2.3.3.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to Communication #1 Thermal Control Passive Devices.

I&T related to the higher-level Communication #1 Thermal Control should be carried at that level.

	1.2a.3.2.2.3.3.2
	Radiator Panels/Fins
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Radiator Panels/Fins.

	1.2a.3.2.2.3.3.3
	Coatings
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coatings.

	1.2a.3.2.2.3.3.4
	Heat Pipes
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Heat Pipes.

	1.2a.3.2.2.3.3.5
	Insulation
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Insulation.

	1.2a.3.2.2.3.3.6
	Conductive Structures
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Conductive Structures.

	1.2a.3.2.2.3.3.7
	Louvers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Louvers.

	1.2a.3.2.2.3.3.8
	Sun Shields
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Sun Shields.

	1.2a.3.2.2.3.3.9
	Second Surface Mirrors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Second Surface Mirrors.

	
	Embedded Thermal (See Structures & Mechanisms – 1.2a.3.2.2.2.4)
	

	1.2a.3.2.2.3.4
	Communication #1 Thermal Control Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Communication #1 Thermal Control functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Communication #1 Thermal Control flight software functions cannot be separated from the Communication #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.2.2.n+2 (13).   

	1.2a.3.2.2.3.4.1


	Communication #1 Thermal Control Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Communication #1 Thermal Control Flight Software management, engineering, analysis, design, testing and all other Communication #1 Thermal Control Flight Software level efforts associated with the Communication #1 Thermal Control Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Communication #1 Thermal Control flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.2.2.3.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Thermal Control Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Thermal Control Flight Software.  

The Communication #1 Thermal Control Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Thermal Control Flight Software requirements and interfaces.  This effort includes establishing Communication #1 Thermal Control Flight Software-level requirements; interfaces; Communication #1 Thermal Control Flight Software analyses, models and simulations; Communication #1 Thermal Control Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Thermal Control Flight Software.

	1.2a.3.2.2.3.4.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Communication #1 Thermal Control flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Communication #1 Thermal Control flight software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.2.2.3.4.1.3
	Program Management
	Communication #1 Thermal Control Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Thermal Control Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.3.4.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Communication #1 Thermal Control Flight Software algorithms, or modification of historical/heritage Communication #1 Thermal Control Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.2.2.3.4.2
	Communication #1 Thermal Control Custom Flight Software
	This WBS element is a summing element for the custom software for the Communication #1 Thermal Control to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.2.2.3.4.2.x = 1


	Communication #1 Thermal Control Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Thermal Control Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Communication #1 Thermal Control.  

	1.2a.3.2.2.3.4.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Communication #1 Thermal Control.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.2.2.3.4.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Communication #1 Thermal Control.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.2.2.3.4.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Communication #1 Thermal Control.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.2.2.3.4.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Communication #1 Thermal Control.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.2.2.3.4.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Communication #1 Thermal Control.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.2.2.3.4.2.x = 2
	Communication #1 Thermal Control Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Thermal Control Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Communication #1 Thermal Control.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.2.2.3.4.2.x+1=3
	Communication #1 Thermal Control Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Communication #1 Thermal Control.

	1.2a.3.2.2.3.4.3
	Communication #1 Thermal Control Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Communication #1 Thermal Control COTS Flight Software.

	1.2a.3.2.2.3.4.4
	Communication #1 Thermal Control Flight Software Other Costs
	This WBS element contains all the resources associated with Communication #1 Thermal Control Flight Software items not included in WBS elements 1.2a.3.2.2.3.4.1 through 1.2a.3.2.2.3.4.3 above.

	1.2a.3.2.2.3.5
	Communication #1 Thermal Control Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Thermal Control Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.3.6
	Communication #1 Thermal Control Other Costs
	This WBS element contains all the resources associated with Communication #1 Thermal Control hardware or software items not included in WBS elements 1.2a.3.2.2.3.1 through 1.2a.3.2.2.3.5 above.

	1.2a.3.2.2.4
	Communication #1 Optics 
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Communication #1 Optics that provides an optical train, which can collect signals.  

The components Communication #1 Optics include SEIT/PM, Structure, Thermal Control, Fore Optics, Aft Optics, Alignment Sensors / Calibration, Flight Software, and Support Equipment.

	1.2a.3.2.2.4.1
	Communication #1 Optics SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1 Optics. Included in the Communication #1 Optics SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Communication #1 Optics is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Communication #1 Optics.

SEIT/PM related to the higher-level Communication #1, or to lower-level Communication #1 Optics component groupings or components (I&T) should be carried at those levels.

	1.2a.3.2.2.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Optics.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Optics.  

The Communication #1 Optics SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Optics requirements and interfaces.  This effort includes establishing Communication #1 Optics-level requirements; interfaces; Communication #1 Optics analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Optics.

	1.2a.3.2.2.4.1.2
	Integration and Test
	This WBS element represents Communication #1 Optics I&T and includes all resources necessary to integrate the Communication #1 Optics into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Communication #1 Optics I&T; and review, analysis and documentation of Communication #1 Optics test results.

Tests involving multiple Communication #1 Optics WBS items, or components from multiple Communication #1 Optics items are included in this WBS element. I&T devoted to a single Communication #1 Optics WBS item, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Communication / Payload level I&T provided by the producer/integrator of the Communication #1 Optics is included in this WBS element.

	1.2a.3.2.2.4.1.3
	Program Management
	Communication #1 Optics PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Optics.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.4.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Communication #1 Optics.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.2.2.4.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Communication #1 Optics.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Communication #1 Optics with maximum efficiency.  

	1.2a.3.2.2.4.2
	Structure
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Communication #1 Optics Structure.

Components include the Support Structure, Barrels, Thermal Doors, and Mechanisms. 

	1.2a.3.2.2.4.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Communication #1 Optics Structure.

I&T related to the higher-level Communication #1 Optics should be carried at that level.

	1.2a.3.2.2.4.2.2
	Support Structure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Support Structure.

	1.2a.3.2.2.4.2.3
	Barrels
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Barrels.

	1.2a.3.2.2.4.2.4
	Thermal Doors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Thermal Doors.

	1.2a.3.2.2.4.2.5
	Mechanisms
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Mechanisms.

	1.2a.3.2.2.4.3
	Thermal Control
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Communication #1 Optics Thermal Control.   Thermal Control maintains the temperatures, of the Communication #1 Optics, within acceptable limits during ground test, launch and on‑orbit operations.

	1.2a.3.2.2.4.4
	Fore Optics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Fore Optics.  

The Fore Optics consists of I&T, a Primary Mirror, a Secondary Mirror(s), and Tertiary Optics, which focus the optical train on a collection sensor.

	1.2a.3.2.2.4.4.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Communication #1 Optics Fore Optics.

I&T related to the higher-level Communication #1 Optics should be carried at that level.

	1.2a.3.2.2.4.4.2
	Primary Mirror
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Primary Mirror.

	1.2a.3.2.2.4.4.3
	Secondary Mirror(s)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Secondary Mirror(s).

	1.2a.3.2.2.4.4.4
	Tertiary Optics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Tertiary Optics.

	1.2a.3.2.2.4.5
	Aft Optics
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Aft Optics. 

The Aft Optics provides additional focusing/operation of the optical train prior to the collection sensor.

	1.2a.3.2.2.4.6
	Alignment Sensors / Calibration
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Alignment Sensors / Calibration units specifically designed for and limited to the Communication Package # 1 Optics. 

	1.2a.3.2.2.4.7
	Communication #1 Optics Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Communication #1 Optics functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Communication #1 Optics Flight Software functions cannot be separated from the Communication #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.2.2.n+2 (13).   

	1.2a.3.2.2.4.7.1


	Communication #1 Optics Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Communication #1 Optics Flight Software management, engineering, analysis, design, testing and all other Communication #1 Optics Flight Software level efforts associated with the Communication #1 Optics Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Communication #1 Optics flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.2.2.4.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Optics Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Optics Flight Software.  

The Communication #1 Optics Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Optics Flight Software requirements and interfaces.  This effort includes establishing Communication #1 Optics Flight Software-level requirements; interfaces; Communication #1 Optics Flight Software analyses, models and simulations; Communication #1 Optics Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Optics Flight Software.

	1.2a.3.2.2.4.7.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Communication #1 Optics Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Communication #1 Optics Flight Software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.2.2.4.7.1.3
	Program Management
	Communication #1 Optics Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Optics Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.4.7.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Communication #1 Optics Flight Software algorithms, or modification of historical/heritage Communication #1 Optics Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.2.2.4.7.2
	Communication #1 Optics Custom Flight Software
	This WBS element is a summing element for the custom software for the Communication #1 Optics to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.2.2.4.7.2.x = 1


	Communication #1 Optics Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Optics Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Communication #1 Optics.  

	1.2a.3.2.2.4.7.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Communication #1 Optics.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.2.2.4.7.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Communication #1 Optics.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.2.2.4.7.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Communication #1 Optics.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.2.2.4.7.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Communication #1 Optics.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.2.2.4.7.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Communication #1 Optics.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.2.2.4.7.2.x = 2
	Communication #1 Optics Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Optics Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Communication #1 Optics.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.2.2.4.7.2.x+1=3
	Communication #1 Optics Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Communication #1 Optics.

	1.2a.3.2.2.4.7.3
	Communication #1 Optics Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Communication #1 Optics COTS Flight Software.

	1.2a.3.2.2.4.7.4
	Communication #1 Optics Flight Software Other Costs
	This WBS element contains all the resources associated with Communication #1 Optics Flight Software items not included in WBS elements 1.2a.3.2.2.4.7.1 through 1.2a.3.2.2.4.7.3 above.

	1.2a.3.2.2.4.8
	Communication #1 Optics Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Optics Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.4.9
	Communication #1 Optics Other Costs
	This WBS element contains all the resources associated with Communication #1 Optics hardware or software items not included in WBS elements 1.2a.3.2.2.4.1 through 1.2a.3.2.2.4.8 above.

	1.2a.3.2.2.5
	Communication #1 Sensor
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Communication #1 Sensor.  

The Sensor collects energy and converts this energy into electrical signals and includes SEIT/PM, Enclosure, Thermal, Focal Plane, Optics, Electronics, Flight Software, Calibration, and Support Equipment. 

	1.2a.3.2.2.5.1
	Communication #1 Sensor SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1 Sensor. Included in the Communication #1 Sensor SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Communication #1 Sensor is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Communication #1 Sensor.

SEIT/PM related to the higher-level Communication #1, or to lower-level Communication #1 Sensor component groupings or components (I&T) should be carried at those levels.

	1.2a.3.2.2.5.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Sensor.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Sensor.  

The Communication #1 Sensor SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Sensor requirements and interfaces.  This effort includes establishing Communication #1 Sensor-level requirements; interfaces; Communication #1 Sensor analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Sensor.

	1.2a.3.2.2.5.1.2
	Integration and Test
	This WBS element represents Communication #1 Sensor I&T and includes all resources necessary to integrate the Communication #1 Sensor into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Communication #1 Sensor I&T; and review, analysis and documentation of Communication #1 Sensor test results.

Tests involving multiple Communication #1 Sensor WBS items, or components from multiple Communication #1 Sensor items, are included in this WBS element. I&T devoted to a single Communication #1 Sensor WBS item, or components thereof, is excluded here and included in the appropriate element level. 

Support for the Communication #1 level I&T provided by the producer/integrator of the Communication #1 Sensor is included in this WBS element.

	1.2a.3.2.2.5.1.3
	Program Management
	Communication #1 Sensor PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Sensor.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.5.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Communication #1 Sensor.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.2.2.5.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Communication #1 Sensor.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Communication #1 Sensor with maximum efficiency.  

	1.2a.3.2.2.5.2
	Enclosure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Enclosure.

	1.2a.3.2.2.5.3
	Thermal
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Thermal.

	1.2a.3.2.2.5.4
	Focal Plane
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Focal Plane.

	1.2a.3.2.2.5.5
	Optics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Sensor Optics.

	1.2a.3.2.2.5.6
	Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electronics.

	1.2a.3.2.2.5.7
	Communication #1 Sensor Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Communication #1 Sensor functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Communication #1 Sensor Flight Software functions cannot be separated from the Communication #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.2.2.n+2 (13).   

	1.2a.3.2.2.5.7.1


	Communication #1 Sensor Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Communication #1 Sensor Flight Software management, engineering, analysis, design, testing and all other Communication #1 Sensor Flight Software level efforts associated with the Communication #1 Sensor Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Communication #1 Sensor flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.2.2.5.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Sensor Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Sensor Flight Software.  

The Communication #1 Sensor Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Sensor Flight Software requirements and interfaces.  This effort includes establishing Communication #1 Sensor Flight Software-level requirements; interfaces; Communication #1 Sensor Flight Software analyses, models and simulations; Communication #1 Sensor Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Sensor Flight Software.

	1.2a.3.2.2.5.7.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Communication #1 Sensor Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Communication #1 Sensor Flight Software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.2.2.5.7.1.3
	Program Management
	Communication #1 Sensor Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Sensor Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.5.7.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Communication #1 Sensor Flight Software algorithms, or modification of historical/heritage Communication #1 Sensor Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.2.2.5.7.2
	Communication #1 Sensor Custom Flight Software
	This WBS element is a summing element for the custom software for the Communication #1 Sensor to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.2.2.5.7.2.x = 1


	Communication #1 Sensor Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Communication #1 Sensor Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Communication #1 Sensor.  

	1.2a.3.2.2.5.7.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Communication #1 Sensor.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.2.2.5.7.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Communication #1 Sensor.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.2.2.5.7.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Communication #1 Sensor.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.2.2.5.7.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Communication #1 Sensor.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.2.2.5.7.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Communication #1 Sensor.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.2.2.5.7.2.x = 2
	Communication #1 Sensor Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Communication #1 Sensor Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Communication #1 Sensor.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.2.2.5.7.2.x+1=3
	Communication #1 Sensor Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Communication #1 Sensor.

	1.2a.3.2.2.5.7.3
	Communication #1 Sensor Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Communication #1 Sensor COTS Flight Software.

	1.2a.3.2.2.5.7.4
	Communication #1 Sensor Flight Software Other Costs
	This WBS element contains all the resources associated with Communication #1 Sensor Flight Software items not included in WBS elements 1.2a.3.2.2.5.7.1 through 1.2a.3.2.2.5.7.3 above.

	1.2a.3.2.2.5.8
	Communication #1 Sensor Calibration
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Sensor Calibration.

	1.2a.3.2.2.5.9
	Communication #1 Sensor Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Sensor Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.5.10
	Communication #1 Sensor Other Costs
	This WBS element contains all the resources associated with Communication #1 Sensor hardware or software items not included in WBS elements 1.2a.3.2.2.5.1 through 1.2a.3.2.2.5.9 above.

	1.2a.3.2.2.6
	Communication #1 Laser Photonics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Communication #1 Laser Photonics.



	1.2a.3.2.2.7
	Communication #1 Power Supplies
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Communication #1 Power Supplies. 

	1.2a.3.2.2.8
	Communication #1 RF / Analog Electronics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Communication #1 RF / Analog Electronics. 

	1.2a.3.2.2.8.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Communication #1 RF / Analog Electronics.

I&T related to higher-level Communication #1 should be carried at that level.

	1.2a.3.2.2.8.2
	RF Plumbing
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of RF Plumbing. 

	1.2a.3.2.2.8.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to RF Plumbing.

I&T related to higher-level Communication #1 RF / Analog Electronics should be carried at that level.

	1.2a.3.2.2.8.2.2
	Multicouplers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multicouplers.

	1.2a.3.2.2.8.2.3
	Diplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Diplexers.

	1.2a.3.2.2.8.2.4
	Triplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Diplexers.

	1.2a.3.2.2.8.2.5
	Multiplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multiplexers.

	1.2a.3.2.2.8.2.6
	Demultiplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Demultiplexers.

	1.2a.3.2.2.8.2.7
	Coaxial Switch
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coaxial Switch.

	1.2a.3.2.2.8.2.8
	RF Switch
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the RF Switch(s).

	1.2a.3.2.2.8.2.9
	Filters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Filters.

	1.2a.3.2.2.8.2.10
	Waveguide
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Waveguides.

	1.2a.3.2.2.8.2.11
	Harnesses and Cables
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Harnesses and Cables (including coaxial and fiber optic) used for electronic communications.

	1.2a.3.2.2.8.3
	Receivers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Receivers.

	1.2a.3.2.2.8.4
	Transmitters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transmitters.

	1.2a.3.2.2.8.5
	Transponders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transponders.

	1.2a.3.2.2.8.6
	Modulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Modulators.

	1.2a.3.2.2.8.7
	Demodulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Demodulators.

	1.2a.3.2.2.8.8
	Power Amplifiers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Power Amplifiers. 

	1.2a.3.2.2.8.8.1
	Traveling Wave Tube Assembly (TWTA)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of TWTAs.

	1.2a.3.2.2.8.8.2
	Solid State Power Amplifiers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Power Amplifiers.

	1.2a.3.2.2.8.9
	Downconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Downconverters.

	1.2a.3.2.2.8.10
	Upconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Upconverters.

	
	GPS (See TT&C 1.2a.2.7.3.8)
	

	1.2a.3.2.2.8.11
	Timing Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Timing Units.

	1.2a.3.2.2.8.12
	Frequency Generators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Frequency Generators.

	1.2a.3.2.2.8.13
	Signal Conditioners
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Signal Conditioners.

	1.2a.3.2.2.8.14
	Data Switches
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Data Switches.

	1.2a.3.2.2.8.15
	COMSEC
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of COMSEC components.

	1.2a.3.2.2.8.16
	Interface Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Interface Units.

	1.2a.3.2.2.8.17
	Tape Recorders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Tape Recorders.

	1.2a.3.2.2.8.18
	Disk Recorders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Disk Recorders.

	1.2a.3.2.2.8.19
	Communication #1 Miscellaneous RF / Analog Electronic Equipment
	This WBS element contains all the resources associated with Communication #1 Miscellaneous RF / Analog Electronic Equipment not included in WBS elements 1.2a.3.2.2.8.1 through 1.2a.3.2.2.8.18 above.

	1.2a.3.2.2.9
	Communication #1 Digital Electronics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Communication #1 Digital Electronics. 

	1.2a.3.2.2.9.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Communication #1 Digital Electronics

I&T related to higher-level Communication #1 should be carried at that level.

	1.2a.3.2.2.9.2
	Processors
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Processors. 

	1.2a.3.2.2.9.3
	Solid State Memory
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Memory.

	1.2a.3.2.2.9.4
	Decoders
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Decoders.

	1.2a.3.2.2.9.5
	Analog / Digital Converters
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Analog / Digital Converters.

	1.2a.3.2.2.9.6
	COMSEC
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of COMSEC.

	1.2a.3.2.2.9.7
	Modulators
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Modulators.

	1.2a.3.2.2.9.8
	Demodulators
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Demodulators.

	1.2a.3.2.2.9.9
	Multiplexers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Multiplexers.

	1.2a.3.2.2.9.10
	Demultiplexers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Demultiplexers.

	1.2a.3.2.2.9.11
	Communication #1 Miscellaneous Digital Electronic Equipment
	This WBS element contains all the resources associated with Communication #1 Miscellaneous Digital Electronic Equipment not included in WBS elements 1.2a.3.2.2.9.1 through 1.2a.3.2.2.9.10 above.

	1.2a.3.2.2.10
	Communication #1 Data Storage
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Data Storage for Communication #1. 

	1.2a.3.2.2.11a
	Communication #1 First Antenna (a = the first antenna in a multiple antenna configuration; b = the second antenna…)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the first Antenna for Communication #1 in a multiple antenna configuration.

Communication #1 Antenna includes SEIT/PM, Feeds, Reflectors, Arrays, Support Structure & Mechanisms, and Support Equipment. 

	1.2a.3.2.2.11a.1
	Communication #1 Antenna SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Communication #1 Antenna. Included in the Communication #1 Antenna SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Communication #1 Antenna are developed, tested, delivered, and supported.  It includes efforts such as drawing check; QA/QC inspections; and parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Communication #1 Antenna.

When Communication #1 Antenna related SEIT/PM costs are not separable from Communication #1 Equipment SEIT/PM and/or Communication / Payload SEIT/PM costs, the combined SEIT/PM costs are included in the Communication / Payload SEIT/PM.

	1.2a.3.2.2.11a.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Communication #1 Antenna.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Antenna.  

The Communication #1 Antenna SE function is responsible for the analysis, derivation, allocation, and traceability of derived Communication #1 Antenna requirements and interfaces.  This effort includes establishing Communication #1 Antenna-level requirements; interfaces; Communication #1 Antenna analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Communication #1 Antenna.

	1.2a.3.2.2.11a.1.2
	Integration and Test
	This WBS element represents Communication #1 Antenna I&T and includes all resources necessary to integrate the Communication #1 Antenna into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Communication #1 Antenna I&T; and review, analysis and documentation of Communication #1 Antenna test results.

Tests involving multiple Communication #1 Antenna WBS items, or components from multiple Communication #1 Antenna items, are included in this WBS element.  I&T devoted to a single Communication #1 Antenna WBS item, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Communication #1 level I&T provided by the producer/integrator of the Communication #1 Antenna is included in this WBS element.

	1.2a.3.2.2.11a.1.3
	Program Management
	Communication #1 Antenna PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Communication #1 Antenna.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.11a.2
	Antenna Feeds
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Feeds.

	1.2a.3.2.2.11a.3
	Antenna Reflectors
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Reflectors.

	1.2a.3.2.2.11a.4
	Antenna Arrays
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Arrays.

	1.2a.3.2.2.11a.5
	Antenna Support Structure & Mechanisms
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Support Structure & Mechanisms.

	1.2a.3.2.2.11a.6
	Communication #1 Antenna Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Antenna Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.11a.7
	Communication #1 Antenna Miscellaneous Antenna Equipment
	This WBS element contains all the resources associated with Communication #1 Antenna not included in WBS elements 1.2a.3.2.2.11a.1 through 1.2a.3.2.2.11a.6 above.

	1.2a.3.2.2.11b
	Communication #1 Second Antenna  (b = the second antenna in a multiple antenna configuration)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the second Antenna for Communication #1.

	
	(See the WBS breakout for the first Antenna configuration)
	

	1.2a.3.2.2.12
	Communication #1 Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing Communication #1 functions. If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Flight Software cannot be separated between the Communication / Payload and Communication #1, then the combined resources will be carried in the Communication / Payload Equipment WBS elements 1.2a.3.4.  

	1.2a.3.2.2.12.1
	Communication #1 Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Communication #1 Flight Software management, engineering, analysis, design, testing and all other Communication #1 Flight Software level efforts associated with the Communication #1 Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Communication #1 Flight function Custom and COTS Software I&T; and review, analysis and documentation of test results.

	1.2a.3.2.2.12.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Communication #1 Flight Software. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Flight Software.

	1.2a.3.2.2.12.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Communication #1 Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Communication #1 Flight Software integration analysis; perform software build and test; and update SDFs. 

	1.2a.3.2.2.12.1.3
	Program Management
	Communication #1 Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Communication #1 Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.12.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Communication #1 Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.  

	1.2a.3.2.2.12.x = 2
	Communication #1 Flight Software First Flight Function (x = 2 which is the first Communication #1 software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Communication #1 First Flight Function COTS and custom flight software.

	1.2a.3.2.2.12.2.1
	Communication #1 Flight Software First Flight Function SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the Communication #1 Flight Software First Flight Function Custom and COTS Software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.2.2.12.2.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Communication #1 Flight Software First Flight Function. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication #1 Flight Software First Flight Function.

	1.2a.3.2.2.12.2.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Communication #1 Flight Software First Flight Function.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform Communication #1 Flight Software First Flight Function integration analysis; perform software build and test; and update SDFs. 

	1.2a.3.2.2.12.2.1.3
	Program Management
	Communication #1 Flight Software First Flight Function PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Communication #1 Flight Software First Flight Function.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.2.2.12.2.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Communication #1 Software First Flight Function software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.2.2.12.2.2
	Custom Software
	This WBS element is a summing element for the first flight function custom software for Communication #1. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the first flight function custom software.

	1.2a.3.2.2.12.2.2.y = 1
	Communication #1 Flight Software First Flight Function Configuration Item one (y = 1 which is the first software configuration item for the first Communication #1 Software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Communication #1 Flight Software First Flight Function.  

	1.2a.3.2.2.12.2.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item requirements analysis for the Communication #1 Flight Software First Flight Function.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.2.2.12.2.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item design for the Communication #1 Flight Software First Flight Function.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.2.2.12.2.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item coding and design entity testing for the Communication #1 Flight Software First Flight Function.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.2.2.12.2.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item design entity I&T for the Communication #1 Flight Software First Flight Function.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.2.2.12.2.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item testing for the Communication #1 Flight Software First Flight Function.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.2.2.12.2.2.y = 2
	Communication #1 Flight Software First Flight Function Configuration Item two (y = 2 which is the second software configuration item for the first Communication #1 flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Communication #1 Flight Software First Flight Function.

	
	(See the WBS breakout for the first flight function first software configuration item)
	

	1.2a.3.2.2.12.2.2.y+1 = 3
	Communication #1 Flight Software First Flight Function Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code for the Communication #1 Flight Software First Flight Function.

	1.2a.3.2.2.12.2.3
	Communication #1 Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Communication #1 Flight Software First Flight Function COTS software.

	1.2a.3.2.2.12.2.4
	Communication #1 Flight Software First Flight Function Other Software Costs
	This WBS element contains all the resources associated with Communication #1 Flight Software First Flight Function items not included in WBS elements 1.2a.3.2.2.12.2.1 through 1.2a.3.2.2.12.2.3 above.

	1.2a.3.2.2.12.x = 3
	Communication #1 Flight Software Second Flight Function (x = 3 which is the second Communication #1 software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Communication #1 Flight Software COTS and custom Second Flight Function.

	
	(See the WBS breakout for the first software flight function)
	

	1.2a.3.2.2.12.x+1 = 4
	Communication #1 Flight Software Other Costs
	This WBS element contains all the resources associated with Communication #1 Flight Software not included in WBS elements 1.2a.3.2.2.12.1 through 1.2a.3.2.2.12.x = 3 above.

	1.2a.3.2.2.13
	Communication #1 Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication #1 Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.2.2.14
	Communication #1 Other Costs
	This WBS element contains all the resources associated with Communication #1 not included in WBS elements 1.2a.3.2.2.1 through 1.2a.3.2.2.13 above.

	1.2a.3.2.n=3
	Communication #2 (n =3 or the second Communication suite in a Spacecraft multiple Communication suite configuration)
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the second Communication suite in a Spacecraft multiple Communication suite configuration.  

Communication #2 transmits and/or receives mission data from ground stations and/or other spacecraft. Included are remote command and telemetry components that interface with Communication #2 equipment and the TT&C subsystem for purposes of commanding Communication suite components and monitoring their status.

TT&C commands and telemetry may be multiplexed with the mission data; this WBS element includes hardware components and efforts that are used for both TT&C and mission data transmit/receive functions, but it excludes hardware components and efforts that are devoted exclusively to TT&C functions (except the command and telemetry interfaces described above).

This WBS element includes the Communication suite SEIT/PM, Structures, Thermal, Optics, Sensor, Laser, Power Supplies, RF Electronics, Digital Electronics, Data Storage, Antenna(s), Flight Software, and Support Equipment.

	
	(See the WBS breakout for the first Communication Package)
	

	1.2a.3.3
	Payload
	This Payload WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the Payload WBS, which consists of one or more Payloads in a multiple payload configuration.  These Payloads transmit and/or receive mission data from ground stations and/or other spacecraft.  This WBS includes Payload SEIT/PM, and all required Payloads.

	1.2a.3.3.1
	Payload SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload WBS. Included in Payload SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure Payload is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Payload WBS, which consists of one or more Payloads in a multiple payload configuration.  

SEIT/PM involving multiple Payload WBS items, packages, or components from multiple Payload items or packages, are included in this WBS element. SEIT/PM devoted to a single Payload or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Payload related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in the Spacecraft SEIT/PM.

	1.2a.3.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload WBS, which consists of one or more Payloads in a multiple payload configuration.   This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload.  

The Payload SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload requirements and interfaces.  This effort includes establishing Payload-level requirements; system/package or package/package interfaces; Payload analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of Payload.

	1.2a.3.3.1.2
	Integration & Test
	This WBS element represents Payload I&T and includes all resources necessary to integrate the Payload, which consists of one or more Payloads in a multiple payload configuration,   into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Payload I&T; and review, analysis and documentation of Payload test results.

Tests involving multiple Payload WBS items, packages, or components from multiple Payload items or packages, are included in this WBS element. I&T devoted to a single Payload or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Communication /Payload and or Spacecraft Bus level I&T provided by the producer/integrator of Payload is included in this WBS element.

	1.2a.3.3.1.3
	Program Management
	Payload PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload, which consists of one or more Payloads in a multiple payload configuration.   It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Payload, which consists of one or more Payloads in a multiple payload configuration.   Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Payload, which consists of one or more Payloads in a multiple payload configuration.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Payload with maximum efficiency.  

	1.2a.3.3.n=2
	Payload #1 (n = 2 or the First Payload in a Spacecraft multiple Payload configuration)
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the first Payload in a Spacecraft multiple Payload configuration.  

The Payload transmits and/or receives mission data from ground stations and/or other spacecraft. Included are remote command and telemetry components that interface with the Payload equipment and the TT&C subsystem for purposes of commanding Payload suites and monitoring their status.

TT&C commands and telemetry may be multiplexed with the mission data; this WBS element includes hardware components and efforts that are used for both TT&C and mission data transmit/receive functions, but it excludes hardware components and efforts that are devoted exclusively to TT&C functions (except the command and telemetry interfaces described above).

This WBS element includes the Payload SEIT/PM, Structures and Mechanisms, Thermal Control, Optics, Sensor, Laser, Power Supplies, RF Electronics, Digital Electronics, Data Storage, Antenna(s), Flight Software, and Support Equipment.

	1.2a.3.3.2.1
	Payload #1 SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1. Included in Payload #1 SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure Payload #1 is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of Payload #1.

SEIT/PM involving multiple Payload #1 WBS items, or components from multiple Payload #1 items, are included in this WBS element. SEIT/PM devoted to a single Payload #1 WBS item, or components thereof, is excluded here and included in the appropriate element level SEIT/PM WBS.

When Payload #1 related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM, the combined SEIT/PM costs are included in the Communication / Payload SEIT/PM.  Likewise, if the Payload #1 related SEIT/PM costs are not separable from Communication / Payload Equipment SEIT/PM and/or Spacecraft Bus subsystem SEIT/PM costs, the combined SEIT/PM costs are included in the Spacecraft SEIT/PM.

	1.2a.3.3.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of Payload #1.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1.  

The Payload #1 SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 requirements and interfaces.  This effort includes establishing Payload #1-level requirements; interfaces; Payload #1 analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1.

	1.2a.3.3.2.1.2
	Integration & Test
	This WBS element represents Payload #1 I&T and includes all resources necessary to integrate Payload #1 into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; development of software for supporting Payload #1 I&T; and review, analysis and documentation of Payload #1 test results.

Tests involving multiple Payload #1 WBS items, or components from multiple Payload #1 items, are included in this WBS element. I&T devoted to a single Payload #1 WBS item, or components thereof, is excluded here and included in the appropriate element level WBS (1.X.2.N).

Support for the Communication / Payload level I&T provided by the producer/integrator of the Payload #1 is included in this WBS element.

	1.2a.3.3.2.1.3
	Program Management
	Payload #1 PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of Payload #1.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of Payload #1.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.3.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of Payload #1.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain Payload #1 with maximum efficiency.  

	1.2a.3.3.2.2
	Payload #1 Structures & Mechanisms
	This WBS element is a summing element for the complete Payload #1 Structures & Mechanisms containing all the resources associated with the design, development, fabrication, assembly, quality control/assurance, and test to include verification testing of spacecraft structure, mechanisms, structures with integral (non-removable) thermal control, pyrotechnics and support equipment.  It also includes the Payload #1 Structures & Mechanisms SEIT/PM, or components thereof. 

	1.2a.3.3.2.2.1
	Payload #1 Structures & Mechanisms SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1 Structures & Mechanisms.  Included in the Payload #1 Structures & Mechanisms SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the Payload #1 Structures & Mechanisms is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of Payload #1 Structures & Mechanisms components.

SEIT/PM related to the higher-level Payload #1 or to lower-level Payload #1 Structures & Mechanisms component groupings or components (I&T) should be carried at those levels.

	1.2a.3.3.2.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Structures & Mechanisms.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Structures & Mechanisms.  

The Payload #1 Structures & Mechanisms SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Structures & Mechanisms requirements and interfaces.  This effort includes establishing Payload #1 Structures & Mechanisms-level requirements; interfaces; Payload #1 Structures & Mechanisms analyses, models and simulations; Payload #1 Structures & Mechanisms quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Structures & Mechanisms.

	1.2a.3.3.2.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Payload #1 Structures & Mechanisms.  It includes all resources necessary to integrate and test the Payload #1 Structures & Mechanisms components as a complete Payload #1 Structures & Mechanisms.  It includes Payload #1 Structures & Mechanisms I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Payload #1, or to lower-level Payload #1 Structures & Mechanisms component groupings or components should be carried at those levels

	1.2a.3.3.2.2.1.3
	Program Management
	Payload #1 Structures & Mechanisms PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Structures & Mechanisms.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.2.2
	Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Payload #1 components and assemblies during launch, orbit injection, and on‑orbit operations.  This element includes small equipment compartments or pallets that house Communication / Payload electronics and are provided as part of Communication / Payload Equipment plus Booms exclusively for supporting Communication / Payload Equipment components or assemblies.  Similarly, when a structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.3.3.2.2.4.

	1.2a.3.3.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to primary and secondary structures.

I&T related to the higher-level Payload #1 Structures & Mechanisms or to lower-level primary and secondary structure component groupings should be carried at those levels.

	1.2a.3.3.2.2.2.2
	Primary Structures
	This WBS summing element contains all the resources associated with the design, development, and production of those hardware components, which provide structural support for all Payload #1 components and assemblies during launch, orbit injection, and on‑orbit operations. Where Communication / Payload Equipment structural support end items cannot be separated, they will be carried in WBS 1.2a.2.2.2.2.   If the items can be separated, they should be carried in this WBS element.

It includes items such as load carrying shells and trusses; equipment compartments; booms; and adapters specifically related and limited to Payload #1.  

	1.2a.3.3.2.2.2.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Primary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.3.3.2.2.2.2.2
	Load Carrying Shell/Truss
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Load Carrying Shell and Truss.

	1.2a.3.3.2.2.2.2.3
	Equipment Compartments
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Compartments.

	1.2a.3.3.2.2.2.2.4
	Booms
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Booms.

	1.2a.3.3.2.2.2.2.5
	Adapters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Adapters.

	1.2a.3.3.2.2.2.3
	Secondary Structures
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Secondary Structures.  It includes items such as mounting equipment and ballast weight.

	1.2a.3.3.2.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Secondary Structures.

I&T related to the higher-level Structures or to Secondary Structures should be carried at those levels.

	1.2a.3.3.2.2.2.3.2
	Equipment Mounting
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Equipment Mounting devices.

	1.2a.3.3.2.2.2.3.3
	Ballast Weight
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ballast Weight.

	1.2a.3.3.2.2.3
	Mechanisms
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test these hardware end items, which deploy and support solar arrays, antennas and other spacecraft components -- to the extent that the mechanisms are separable from the components they support.  It includes supports for Payload #1 cables and harnesses.

	1.2a.3.3.2.2.3.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Mechanisms.

I&T related to the higher-level Payload #1 Structures & Mechanisms should be carried at that level.

	1.2a.3.3.2.2.3.2
	Positioning 
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Positioning components.

	1.2a.3.3.2.2.3.3
	Deployment & Stowage Equipment
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Deployment and Stowage Equipment.

	1.2a.3.3.2.2.4
	Structures with Thermal Control
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of those hardware components that not only provide structural support for all of Payload #1 components, but also contain integral (non-removable) thermal control provisions such as heat sinks.  (Where these end items cannot be separated from Spacecraft end items, they should be carried in WBS element 1.2a.2.2.4)

When a Payload #1 structural component has thermal control provisions which has separately identified costs, then that structural item is included in WBS 1.2a.3.3.2.2 while the separately identified thermal control provisions are included in WBS 1.2a.3.3.2.3.

	1.2a.3.3.2.2.5
	Pyrotechnics
	This WBS summing element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test of those hardware components that provide reaction force for separation maneuvers.  These devices include initiator squibs and ordnance separation units.

	1.2a.3.3.2.2.5.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to Pyrotechnics.

I&T related to the higher-level Payload #1 Structures & Mechanisms should be carried at that level.

	1.2a.3.3.2.2.5.2
	Initiator Squibs
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Initiator Squibs.

	1.2a.3.3.2.2.5.3
	Ordnance separation Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Ordnance Separation Units.

	1.2a.3.3.2.2.6
	Payload #1 Structures & Mechanisms Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Structures & Mechanisms Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.2.7
	Payload #1 Structures & Mechanisms Other Costs
	This WBS element contains all the resources associated with Payload #1 Structures & Mechanisms hardware or software items not included in WBS elements 1.2a.3.3.2.2.1 through 1.2a.3.3.2.2.6 above.

	1.2a.3.3.2.3
	Payload #1 Thermal Control
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Thermal Control.  The Payload #1 Thermal Control maintains the temperatures of all Payload #1 components within acceptable limits during ground test, launch and on‑orbit operations.  The components may be either active or passive, including multi-layer thermal insulation blankets, surface coatings (thermal paint), mirrors with optical coatings, thermal tape, heat pipes, heat sinks, active coolers, heaters, thermisters, thermal conducting elements and radiator panels. 

In cases where Communication / Payload thermal control provisions are an integral portion of the Spacecraft thermal control provisions, the thermal control provisions are included in the Spacecraft WBS element 1.2a.2.3.  Similarly, when a Payload #1 structure item has integral (non-removable) thermal control provisions such as heat sinks, then that item and its integral provisions are included in WBS 1.2a.3.3.2.2.4.

	1.2a.3.3.2.3.1
	Payload #1 Thermal Control SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1 Thermal Control.  Included in the Payload #1 Thermal Control SEIT/PM are all engineering, analysis, design, I&T, management activities, and resources required to ensure the Payload #1 Thermal Control is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA inspections, resources directly related to, or in support of, the design, fabrication, assembly and test of Payload #1 Thermal Control components.

SEIT/PM related to the higher-level Payload #1, or to lower-level Payload #1 Thermal Control component groupings or components (I&T) should be carried at those levels.

	1.2a.3.3.2.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Thermal Control.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Thermal Control.  

The Payload #1 Thermal Control SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Thermal Control requirements and interfaces.  This effort includes establishing Payload #1 Thermal Control-level requirements; interfaces; Payload #1 Thermal Control analyses, models and simulations; Payload #1 Thermal Control quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Thermal Control.

	1.2a.3.3.2.3.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Payload #1 Thermal Control.  It includes all resources necessary to integrate and test the Payload #1 Thermal Control components as a complete Payload #1 Thermal Control.  It includes Payload #1 Thermal Control I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the higher-level Payload #1, or to lower-level Payload #1 Thermal Control component groupings or components should be carried at those levels.

	1.2a.3.3.2.3.1.3
	Program Management
	Payload #1 Thermal Control PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Thermal Control.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.3.2
	Active Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those active components that maintain the temperatures of all Payload #1 components, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Cryogenic Devices, Liquid Loops, Electric Cooling (Thermoelectric), Electric Heaters Thermisters & Thermostats, Shutters.

	1.2a.3.3.2.3.2.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to Payload #1 Thermal Control Active Devices.

I&T related to the higher-level Payload #1 Thermal Control should be carried at that level.

	1.2a.3.3.2.3.2.2
	Cryogenic Devices
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Cryogenic Devices.

	1.2a.3.3.2.3.2.3
	Liquid Loops
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Liquid Loops.

	1.2a.3.3.2.3.2.4
	Electric Cooling (Thermoelectric)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Cooling (Thermoelectric) Units.

	1.2a.3.3.2.3.2.5
	Electric Heaters Thermisters & Thermostats
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electric Heaters Thermisters & Thermostats.

	1.2a.3.3.2.3.2.6
	Shutters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Shutters.

	1.2a.3.3.2.3.3
	Passive Devices
	This WBS summing element contains all the resources required to design, develop, fabricate, assemble, and test those passive components that maintain the temperatures of all Payload #1 components, within acceptable limits during ground test, launch and on‑orbit operations.  It includes Radiator Panels/Fins, Coatings, Heat Pipes, Insulation, Conductive Structures, Louvers, Sun Shields, and Second Surface Mirrors.

	1.2a.3.3.2.3.3.1
	Integration & Test
	This WBS element contains all of the I&T resources specifically related to and limited to Payload #1 Thermal Control Passive Devices.

I&T related to the higher-level Payload #1 Thermal Control should be carried at that level.

	1.2a.3.3.2.3.3.2
	Radiator Panels/Fins
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Radiator Panels/Fins.

	1.2a.3.3.2.3.3.3
	Coatings
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coatings.

	1.2a.3.3.2.3.3.4
	Heat Pipes
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Heat Pipes.

	1.2a.3.3.2.3.3.5
	Insulation
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Insulation.

	1.2a.3.3.2.3.3.6
	Conductive Structures
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Conductive Structures.

	1.2a.3.3.2.3.3.7
	Louvers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Louvers.

	1.2a.3.3.2.3.3.8
	Sun Shields
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Sun Shields.

	1.2a.3.3.2.3.3.9
	Second Surface Mirrors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Second Surface Mirrors.

	
	Embedded Thermal (See Structures & Mechanisms – 1.2a.3.3.2.2.4)
	

	1.2a.3.3.2.3.4
	Payload #1 Thermal Control Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Payload #1 Thermal Control functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Payload #1 Thermal Control flight software functions cannot be separated from the Payload #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.3.2.n+2 (13).   

	1.2a.3.3.2.3.4.1


	Payload #1 Thermal Control Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Payload #1 Thermal Control Flight Software management, engineering, analysis, design, testing and all other Payload #1 Thermal Control Flight Software level efforts associated with the Payload #1 Thermal Control Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Payload #1 Thermal Control flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.3.2.3.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Thermal Control Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Thermal Control Flight Software.  

The Payload #1 Thermal Control Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Thermal Control Flight Software requirements and interfaces.  This effort includes establishing Payload #1 Thermal Control Flight Software-level requirements; interfaces; Payload #1 Thermal Control Flight Software analyses, models and simulations; Payload #1 Thermal Control Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Thermal Control Flight Software.

	1.2a.3.3.2.3.4.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Payload #1 Thermal Control flight software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Payload #1 Thermal Control flight software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.3.2.3.4.1.3
	Program Management
	Payload #1 Thermal Control Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Thermal Control Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.3.4.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Payload #1 Thermal Control Flight Software algorithms, or modification of historical/heritage Payload #1 Thermal Control Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.3.2.3.4.2
	Payload #1 Thermal Control Custom Flight Software
	This WBS element is a summing element for the custom software for the Payload #1 Thermal Control to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.3.2.3.4.2.x = 1


	Payload #1 Thermal Control Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Thermal Control Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Payload #1 Thermal Control.  

	1.2a.3.3.2.3.4.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Payload #1 Thermal Control.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.3.2.3.4.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Payload #1 Thermal Control.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.3.2.3.4.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Payload #1 Thermal Control.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.3.2.3.4.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Payload #1 Thermal Control.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.3.2.3.4.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Payload #1 Thermal Control.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.3.2.3.4.2.x = 2
	Payload #1 Thermal Control Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Thermal Control Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Payload #1 Thermal Control.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.3.2.3.4.2.x+1=3
	Payload #1 Thermal Control Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Payload #1 Thermal Control.

	1.2a.3.3.2.3.4.3
	Payload #1 Thermal Control Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Payload #1 Thermal Control COTS Flight Software.

	1.2a.3.3.2.3.4.4
	Payload #1 Thermal Control Flight Software Other Costs
	This WBS element contains all the resources associated with Payload #1 Thermal Control Flight Software items not included in WBS elements 1.2a.3.3.2.3.4.1 through 1.2a.3.3.2.3.4.3 above.

	1.2a.3.3.2.3.5
	Payload #1 Thermal Control Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Thermal Control Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.3.6
	Payload #1 Thermal Control Other Costs
	This WBS element contains all the resources associated with Payload #1 Thermal Control hardware or software items not included in WBS elements 1.2a.3.3.2.3.1 through 1.2a.3.3.2.3.5 above.

	1.2a.3.3.2.4
	Payload #1 Optics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Payload #1 Optics that provides an optical train, which can collect signals.  

The components Payload #1 Optics include SEIT/PM, Structure, Thermal Control, Fore Optics, Aft Optics, Alignment Sensors / Calibration, Flight Software, and Support Equipment.

	1.2a.3.3.2.4.1
	Payload #1 Optics SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1 Optics. Included in the Payload #1 Optics SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Payload #1 Optics is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Payload #1 Optics.

SEIT/PM related to the higher-level Payload #1, or to lower-level Payload #1 Optics component groupings or components (I&T) should be carried at those levels.

	1.2a.3.3.2.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Optics.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Optics.  

The Payload #1 Optics SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Optics requirements and interfaces.  This effort includes establishing Payload #1 Optics-level requirements; interfaces; Payload #1 Optics analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Optics.

	1.2a.3.3.2.4.1.2
	Integration and Test
	This WBS element represents Payload #1 Optics I&T and includes all resources necessary to integrate the Payload #1 Optics into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Payload #1 Optics I&T; and review, analysis and documentation of Payload #1 Optics test results.

Tests involving multiple Payload #1 Optics WBS items, or components from multiple Payload #1 Optics items are included in this WBS element. I&T devoted to a single Payload #1 Optics WBS item, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Communication / Payload level I&T provided by the producer/integrator of the Payload #1 Optics is included in this WBS element.

	1.2a.3.3.2.4.1.3
	Program Management
	Sp Payload #1 Optics PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Optics.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.4.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Payload #1 Optics.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.3.2.4.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Payload #1 Optics.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Payload #1 Optics with maximum efficiency.  

	1.2a.3.3.2.4.2
	Structure
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Payload #1 Optics Structure.

Components include the Support Structure, Barrels, Thermal Doors, and Mechanisms. 

	1.2a.3.3.2.4.2.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Payload #1 Optics Structure.

I&T related to the higher-level Payload #1 Optics should be carried at that level.

	1.2a.3.3.2.4.2.2
	Support Structure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Support Structure.

	1.2a.3.3.2.4.2.3
	Barrels
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Barrels.

	1.2a.3.3.2.4.2.4
	Thermal Doors
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Thermal Doors.

	1.2a.3.3.2.4.2.5
	Mechanisms
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Mechanisms.

	1.2a.3.3.2.4.3
	Thermal Control
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Payload #1 Optics Thermal Control.   Thermal Control maintains the temperatures, of the Payload #1 Optics, within acceptable limits during ground test, launch and on‑orbit operations.

	1.2a.3.3.2.4.4
	Fore Optics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Fore Optics.  

The Fore Optics consists of I&T, a Primary Mirror, a Secondary Mirror(s), and Tertiary Optics, which focus the optical train on a collection sensor.

	1.2a.3.3.2.4.4.1
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Payload #1 Optics Fore Optics.

I&T related to the higher-level Payload #1 Optics should be carried at that level.

	1.2a.3.3.2.4.4.2
	Primary Mirror
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Primary Mirror.

	1.2a.3.3.2.4.4.3
	Secondary Mirror(s)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Secondary Mirror(s).

	1.2a.3.3.2.4.4.4
	Tertiary Optics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Tertiary Optics.

	1.2a.3.3.2.4.5
	Aft Optics
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Aft Optics. 

The Aft Optics provide additional focusing/operation of the optical train prior to the collection sensor.

	1.2a.3.3.2.4.6
	Alignment Sensors / Calibration
	This WBS element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Alignment Sensors / Calibration units specifically designed for and limited to the Payload # 1 Optics. 

	1.2a.3.3.2.4.7
	Payload #1 Optics Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Payload #1 Optics functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Payload #1 Optics Flight Software functions cannot be separated from the Payload #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.3.2.n+2 (13).   

	1.2a.3.3.2.4.7.1


	Payload #1 Optics Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Payload #1 Optics Flight Software management, engineering, analysis, design, testing and all other Payload #1 Optics Flight Software level efforts associated with the Payload #1 Optics Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Payload #1 Optics flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.3.2.4.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Optics Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Optics Flight Software.  

The Payload #1 Optics Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Optics Flight Software requirements and interfaces.  This effort includes establishing Payload #1 Optics Flight Software-level requirements; interfaces; Payload #1 Optics Flight Software analyses, models and simulations; Payload #1 Optics Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Optics Flight Software.

	1.2a.3.3.2.4.7.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Payload #1 Optics Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Payload #1 Optics Flight Software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.3.2.4.7.1.3
	Program Management
	Payload #1 Optics Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Optics Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.4.7.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Payload #1 Optics Flight Software algorithms, or modification of historical/heritage Payload #1 Optics Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.3.2.4.7.2
	Payload #1 Optics Custom Flight Software
	This WBS element is a summing element for the custom software for the Payload #1 Optics to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.3.2.4.7.2.x = 1


	Payload #1 Optics Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Optics Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Payload #1 Optics.  

	1.2a.3.3.2.4.7.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Payload #1 Optics.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.3.2.4.7.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Payload #1 Optics.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.3.2.4.7.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Payload #1 Optics.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.3.2.4.7.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Payload #1 Optics.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.3.2.4.7.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Payload #1 Optics.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.3.2.4.7.2.x = 2
	Payload #1 Optics Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Optics Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Payload #1 Optics.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.3.2.4.7.2.x+1=3
	Payload #1 Optics Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Payload #1 Optics.

	1.2a.3.3.2.4.7.3
	Payload #1 Optics Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Payload #1 Optics COTS Flight Software.

	1.2a.3.3.2.4.7.4
	Payload #1 Optics Flight Software Other Costs
	This WBS element contains all the resources associated with Payload #1 Optics Flight Software items not included in WBS elements 1.2a.3.3.2.4.7.1 through 1.2a.3.3.2.4.7.3 above.

	1.2a.3.3.2.4.8
	Payload #1 Optics Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Optics Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.4.9
	Payload #1 Optics Other Costs
	This WBS element contains all the resources associated with Payload #1 Optics hardware or software items not included in WBS elements 1.2a.3.3.2.4.1 through 1.2a.3.3.2.4.8 above.

	1.2a.3.3.2.5
	Payload #1 Sensor
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the Payload #1 Sensor.  

The Sensor collects energy and converts this energy into electrical signals and includes SEIT/PM, Enclosure, Thermal, Focal Plane, Optics, Electronics, Flight Software, Calibration, and Support Equipment. 

	1.2a.3.3.2.5.1
	Payload #1 Sensor SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1 Sensor. Included in the Payload #1 Sensor SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Payload #1 Sensor is developed, produced, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Payload #1 Sensor.

SEIT/PM related to the higher-level Payload #1, or to lower-level Payload #1 Sensor component groupings or components (I&T) should be carried at those levels.

	1.2a.3.3.2.5.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Sensor.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Sensor.  

The Payload #1 Sensor SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Sensor requirements and interfaces.  This effort includes establishing Payload #1 Sensor-level requirements; interfaces; Payload #1 Sensor analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Sensor.

	1.2a.3.3.2.5.1.2
	Integration and Test
	This WBS element represents Payload #1 Sensor I&T and includes all resources necessary to integrate the Payload #1 Sensor into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Payload #1 Sensor I&T; and review, analysis and documentation of Payload #1 Sensor test results.

Tests involving multiple Payload #1 Sensor WBS items, or components from multiple Payload #1 Sensor items, are included in this WBS element.  I&T devoted to a single Payload #1 Sensor WBS item, or components thereof, is excluded here and included in the appropriate element level. 

Support for the Payload #1 level I&T provided by the producer/integrator of the Payload #1 Sensor is included in this WBS element.

	1.2a.3.3.2.5.1.3
	Program Management
	Payload #1 Sensor PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Sensor.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.5.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Payload #1 Sensor.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.2a.3.3.2.5.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Payload #1 Sensor.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Payload #1 Sensor with maximum efficiency.  

	1.2a.3.3.2.5.2
	Enclosure
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Enclosure.

	1.2a.3.3.2.5.3
	Thermal
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Thermal.

	1.2a.3.3.2.5.4
	Focal Plane
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Focal Plane.

	1.2a.3.3.2.5.5
	Optics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Sensor Optics.

	1.2a.3.3.2.5.6
	Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Electronics.

	1.2a.3.3.2.5.7
	Payload #1 Sensor Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing spacecraft bus Payload #1 Sensor functions.  If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Payload #1 Sensor Flight Software functions cannot be separated from the Payload #1 flight software functions then the combined resources will be carried in WBS 1.2a.3.3.2.n+2 (13).   

	1.2a.3.3.2.5.7.1


	Payload #1 Sensor Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Payload #1 Sensor Flight Software management, engineering, analysis, design, testing and all other Payload #1 Sensor Flight Software level efforts associated with the Payload #1 Sensor Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Payload #1 Sensor flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.3.2.5.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Sensor Flight Software.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Sensor Flight Software.  

The Payload #1 Sensor Flight Software SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Sensor Flight Software requirements and interfaces.  This effort includes establishing Payload #1 Sensor Flight Software-level requirements; interfaces; Payload #1 Sensor Flight Software analyses, models and simulations; Payload #1 Sensor Flight Software-level software management; quality; configuration management; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Sensor Flight Software.

	1.2a.3.3.2.5.7.1.2
	Integration and Test
	This WBS element contains all the resources associated with I&T V&V of the Payload #1 Sensor Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Payload #1 Sensor Flight Software integration analysis; perform software build and test; and update SDFs.

	1.2a.3.3.2.5.7.1.3
	Program Management
	Payload #1 Sensor Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Sensor Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.5.7.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Payload #1 Sensor Flight Software algorithms, or modification of historical/heritage Payload #1 Sensor Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.3.2.5.7.2
	Payload #1 Sensor Custom Flight Software
	This WBS element is a summing element for the custom software for the Payload #1 Sensor to include glue code required to interface COTS software. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the custom flight software.

	1.2a.3.3.2.5.7.2.x = 1


	Payload #1 Sensor Flight Software First Configuration Item one (x = 1 which is the first custom software configuration item for the Payload #1 Sensor Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Payload #1 Sensor.  

	1.2a.3.3.2.5.7.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the first custom software configuration item requirements analysis for the Payload #1 Sensor.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.3.2.5.7.2.1.2
	Design
	This WBS element contains all the resources associated with the first custom software configuration item design for the Payload #1 Sensor.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.3.2.5.7.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the first custom software configuration item coding and design entity testing for the Payload #1 Sensor.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.3.2.5.7.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the first custom software configuration item design entity I&T for the Payload #1 Sensor.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.3.2.5.7.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the first custom software configuration item testing for the Payload #1 Sensor.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.3.2.5.7.2.x = 2
	Payload #1 Sensor Flight Software Second Configuration Item (x = 2 which is the second custom software configuration item for the Payload #1 Sensor Flight Software)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Payload #1 Sensor.

	
	(See the WBS breakout for the first software configuration item)
	

	1.2a.3.3.2.5.7.2.x+1=3
	Payload #1 Sensor Flight Software Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Payload #1 Sensor.

	1.2a.3.3.2.5.7.3
	Payload #1 Sensor Flight Software Commercial Off the Shelf (COTS) Flight Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Payload #1 Sensor COTS Flight Software.

	1.2a.3.3.2.5.7.4
	Payload #1 Sensor Flight Software Other Costs
	This WBS element contains all the resources associated with Payload #1 Sensor Flight Software items not included in WBS elements 1.2a.3.3.2.5.7.1 through 1.2a.3.3.2.5.7.3 above.

	1.2a.3.3.2.5.8
	Payload #1 Sensor Calibration
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Sensor Calibration.

	1.2a.3.3.2.5.9
	Payload #1 Sensor Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Sensor Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.5.10
	Payload #1 Sensor Other Costs
	This WBS element contains all the resources associated with Payload #1 Sensor hardware or software items not included in WBS elements 1.2a.3.3.2.5.1 through 1.2a.3.3.2.5.9 above.

	1.2a.3.3.2.6
	Payload #1 Laser
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the Payload #1 Laser.



	1.2a.3.3.2.7
	Payload #1 Power Supplies
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Payload #1 Power Supplies. 

	1.2a.3.3.2.8
	Payload #1 RF / Analog Electronics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Payload #1 RF / Analog Electronics. 

	1.2a.3.3.2.8.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Payload #1 RF / Analog Electronics.

I&T related to higher-level Payload #1 should be carried at that level.

	1.2a.3.3.2.8.2
	RF Plumbing
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of RF Plumbing. 

	1.2a.3.3.2.8.2.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to RF Plumbing.

I&T related to higher-level Payload #1 RF / Analog Electronics should be carried at that level.

	1.2a.3.3.2.8.2.2
	Multicouplers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multicouplers.

	1.2a.3.3.2.8.2.3
	Diplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Diplexers.

	1.2a.3.3.2.8.2.4
	Triplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Diplexers.

	1.2a.3.3.2.8.2.5
	Multiplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Multiplexers.

	1.2a.3.3.2.8.2.6
	Demultiplexers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Demultiplexers.

	1.2a.3.3.2.8.2.7
	Coaxial Switch
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Coaxial Switch.

	1.2a.3.3.2.8.2.8
	RF Switch
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the RF Switch(s).

	1.2a.3.3.2.8.2.9
	Filters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Filters.

	1.2a.3.3.2.8.2.10
	Waveguide
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Waveguides.

	1.2a.3.3.2.8.2.11
	Harnesses and Cables
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Harnesses and Cables (including coaxial and fiber optic) used for electronic communications.

	1.2a.3.3.2.8.3
	Receivers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Receivers.

	1.2a.3.3.2.8.4
	Transmitters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transmitters.

	1.2a.3.3.2.8.5
	Transponders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Transponders.

	1.2a.3.3.2.8.6
	Modulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Modulators.

	1.2a.3.3.2.8.7
	Demodulators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Demodulators.

	1.2a.3.3.2.8.8
	Power Amplifiers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Power Amplifiers. 

	1.2a.3.3.2.8.8.1
	Traveling Wave Tube Assembly (TWTA)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of TWTAs.

	1.2a.3.3.2.8.8.2
	Solid State Power Amplifiers
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Power Amplifiers.

	1.2a.3.3.2.8.9
	Downconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Downconverters.

	1.2a.3.3.2.8.10
	Upconverters
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Upconverters.

	
	GPS (See TT&C 1.2a.2.7.3.8)
	

	1.2a.3.3.2.8.11
	Timing Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Timing Units.

	1.2a.3.3.2.8.12
	Frequency Generators
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Frequency Generators.

	1.2a.3.3.2.8.13
	Signal Conditioners
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Signal Conditioners.

	1.2a.3.3.2.8.14
	Data Switches
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Data Switches.

	1.2a.3.3.2.8.15
	COMSEC
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of COMSEC components.

	1.2a.3.3.2.8.16
	Interface Units
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Interface Units.

	1.2a.3.3.2.8.17
	Tape Recorders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Tape Recorders.

	1.2a.3.3.2.8.18
	Disk Recorders
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of Disk Recorders.

	1.2a.3.3.2.8.19
	Payload #1 Miscellaneous RF / Analog Electronic Equipment
	This WBS element contains all the resources associated with Payload #1 Miscellaneous RF / Analog Electronic Equipment not included in WBS elements 1.2a.3.3.2.8.1 through 1.2a.3.3.2.8.18 above.

	1.2a.3.3.2.9
	Payload #1 Digital Electronics
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Payload #1 Digital Electronics. 

	1.2a.3.3.2.9.1
	Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to Payload #1 Digital Electronics

I&T related to higher-level Payload #1 should be carried at that level.

	1.2a.3.3.2.9.2
	Processors
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Processors. 

	1.2a.3.3.2.9.3
	Solid State Memory
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Solid State Memory.

	1.2a.3.3.2.9.4
	Decoders
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Decoders.

	1.2a.3.3.2.9.5
	Analog / Digital Converters
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Analog / Digital Converters.

	1.2a.3.3.2.9.6
	COMSEC
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of COMSEC.

	1.2a.3.3.2.9.7
	Modulators
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Modulators.

	1.2a.3.3.2.9.8
	Demodulators
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Demodulators.

	1.2a.3.3.2.9.9
	Multiplexers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Multiplexers.

	1.2a.3.3.2.9.10
	Demultiplexers
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Demultiplexers.

	1.2a.3.3.2.9.11
	Payload #1 Miscellaneous Digital Electronic Equipment
	This WBS element contains all the resources associated with Payload #1 Miscellaneous Digital Electronic Equipment not included in WBS elements 1.2a.3.3.2.9.1 through 1.2a.3.3.2.9.10 above.

	1.2a.3.3.2.10
	Payload #1 Data Storage
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of Data Storage for Payload #1. 

	1.2a.3.3.2.11a
	Payload #1 First Antenna  (a = the first antenna in a multiple antenna configuration, b = second antenna…)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the first Antenna for Payload #1.

Payload #1 Antenna includes SEIT/PM, Feeds, Reflectors, Arrays, Support Structure & Mechanisms, and Support Equipment. 

	1.2a.3.3.2.11a.1
	Payload #1 Antenna SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Payload #1 Antenna. Included in the Payload #1 Antenna SEIT/PM are all engineering, analysis, design, integration and test, management activities and resources required to ensure the Payload #1 Antenna are developed, tested, delivered, and supported.  It includes efforts such as drawing check, QA/QC inspections, parts and materials directly related to, or in support of, the design, fabrication, assembly and test of the Payload #1 Antenna.

When Payload #1 Antenna related SEIT/PM costs are not separable from Payload #1 Equipment SEIT/PM and/or Communication / Payload SEIT/PM costs, the combined SEIT/PM costs are included in the Communication / Payload SEIT/PM.

	1.2a.3.3.2.11a.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Payload #1 Antenna.  This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Antenna.  

The Payload #1 Antenna SE function is responsible for the analysis, derivation, allocation, and traceability of derived Payload #1 Antenna requirements and interfaces.  This effort includes establishing Payload #1 Antenna-level requirements; interfaces; Payload #1 Antenna analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Payload #1 Antenna.

	1.2a.3.3.2.11a.1.2
	Integration and Test
	This WBS element represents Payload #1 Antenna I&T and includes all resources necessary to integrate the Payload #1 Antenna into a functional system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Payload #1 Antenna I&T; and review, analysis and documentation of Payload #1 Antenna test results.

Tests involving multiple Payload #1 Antenna WBS items, or components from multiple Payload #1 Antenna items, are included in this WBS element.  I&T devoted to a single Payload #1 Antenna WBS item, or components thereof, is excluded here and included in the appropriate element level WBS.

Support for the Payload #1 level I&T provided by the producer/integrator of the Payload #1 Antenna is included in this WBS element.

	1.2a.3.3.2.11a.1.3
	Program Management
	Payload #1 Antenna PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Payload #1 Antenna.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.11a.2
	Antenna Feeds
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Feeds.

	1.2a.3.3.2.11a.3
	Antenna Reflectors
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Reflectors.

	1.2a.3.3.2.11a.4
	Antenna Arrays
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Arrays.

	1.2a.3.3.2.11a.5
	Antenna Support Structure & Mechanisms
	This WBS summing element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Antenna Support Structure & Mechanisms.

	1.2a.3.3.2.11a.6
	Payload #1 Antenna Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Antenna Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.11a.7
	Payload #1 Antenna Miscellaneous Antenna Equipment
	This WBS element contains all the resources associated with Payload #1 Antenna not included in WBS elements 1.2a.3.3.2.11a.1 through 1.2a.3.3.2.11a.6 above.

	1.2a.3.3.2.11b
	Payload #1 Second Antenna  (b = the second antenna in a multiple antenna configuration)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of the second Antenna for Payload #1.

	
	(See the WBS breakout for the first Antenna configuration)
	

	1.2a.3.3.2.12
	Payload #1 Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing Payload #1 functions. If some of the functions are implemented in firmware, then this element includes designing, developing, coding and testing those functions (e.g., by microcode programming).  If Flight Software cannot be separated between the Communication / Payload and Payload #1, then the combined resources will be carried in the Communication / Payload Equipment WBS elements 1.2a.3.4.  

	1.2a.3.3.2.12.1
	Payload #1 Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Payload #1 Flight Software management, engineering, analysis, design, testing and all other Payload #1 Flight Software level efforts associated with the Payload #1 Flight Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Payload #1 Flight function Custom and COTS Software I&T; and review, analysis and documentation of test results.

	1.2a.3.3.2.12.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Payload #1 Flight Software. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Flight Software.

	1.2a.3.3.2.12.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Payload #1 Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Payload #1 Flight Software integration analysis; perform software build and test; and update SDFs. 

	1.2a.3.3.2.12.1.3
	Program Management
	Payload #1 Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Payload #1 Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.12.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Payload #1 Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.3.2.12.x = 2
	Payload #1 Flight Software First Flight Function (x = 2 which is the first Payload #1 software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Payload #1 First Flight Function COTS and custom flight software.

	1.2a.3.3.2.12.2.1
	Payload #1 Flight Software First Flight Function SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the Payload #1 Flight Software First Flight Function Custom and COTS Software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.3.2.12.2.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Payload #1 Flight Software First Flight Function. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Payload #1 Flight Software First Flight Function.

	1.2a.3.3.2.12.2.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Payload #1 Flight Software First Flight Function.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform Payload #1 Flight Software First Flight Function integration analysis; perform software build and test; and update SDFs. 

	1.2a.3.3.2.12.2.1.3
	Program Management
	Payload #1 Flight Software First Flight Function PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Payload #1 Flight Software First Flight Function.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.3.2.12.2.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Payload #1 Software First Flight Function software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.3.2.12.2.2
	Custom Software
	This WBS element is a summing element for the first flight function custom software for Payload #1. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the first flight function custom software.

	1.2a.3.3.2.12.2.2.y = 1
	Payload #1 Flight Software First Flight Function Configuration Item one (y = 1 which is the first software configuration item for the first Payload #1 Software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Payload #1 Flight Software First Flight Function.  

	1.2a.3.3.2.12.2.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item requirements analysis for the Payload #1 Flight Software First Flight Function.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.3.2.12.2.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item design for the Payload #1 Flight Software First Flight Function.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.3.2.12.2.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item coding and design entity testing for the Payload #1 Flight Software First Flight Function.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.3.2.12.2.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item design entity I&T for the Payload #1 Flight Software First Flight Function.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.3.2.12.2.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item testing for the Payload #1 Flight Software First Flight Function.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.3.2.12.2.2.y = 2
	Payload #1 Flight Software First Flight Function Configuration Item two (y = 2 which is the second software configuration item for the first Payload #1 flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Payload #1 Flight Software First Flight Function.

	
	(See the WBS breakout for the first flight function first software configuration item)
	

	1.2a.3.3.2.12.2.2.y+1 = 3
	Payload #1 Flight Software First Flight Function Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code for the Payload #1 Flight Software First Flight Function.

	1.2a.3.3.2.12.2.3
	Payload #1 Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Payload #1 Flight Software First Flight Function COTS software.

	1.2a.3.3.2.12.2.4
	Payload #1 Flight Software First Flight Function Other Software Costs
	This WBS element contains all the resources associated with Payload #1 Flight Software First Flight Function items not included in WBS elements 1.2a.3.3.2.12.2.1 through 1.2a.3.3.2.12.2.3 above.

	1.2a.3.3.2.12.x = 3
	Payload #1 Flight Software Second Flight Function (x = 3 which is the second Payload #1 software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Payload #1 Flight Software COTS and custom Second Flight Function.

	
	(See the WBS breakout for the first software flight function)
	

	1.2a.3.3.2.12.x+1 = 4
	Payload #1 Flight Software Other Costs
	This WBS element contains all the resources associated with Payload #1 Flight Software not included in WBS elements 1.2a.3.3.2.12.2.1 through 1.2a.3.3.2.12.x = 3 above.

	1.2a.3.3.2.13
	Payload #1 Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Payload #1 Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.3.2.14
	Payload #1 Other Costs
	This WBS element contains all the resources associated with Payload #1 not included in WBS elements 1.2a.3.3.2.1 through 1.2a.3.3.2.13 above.

	1.2a.3.3.n=3
	Payload #2 (n =3 or the second Payload in a Spacecraft multiple Payload configuration)
	This WBS summing element contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the second Payload in a Spacecraft multiple Payload configuration.  

The Payload transmits and/or receives mission data from ground stations and/or other spacecraft. Included are remote command and telemetry components that interface with the Payload equipment and the TT&C subsystem for purposes of commanding Payload suites and monitoring their status.

TT&C commands and telemetry may be multiplexed with the mission data; this WBS element includes hardware components and efforts that are used for both TT&C and mission data transmit/receive functions, but it excludes hardware components and efforts that are devoted exclusively to TT&C functions (except the command and telemetry interfaces described above).

This WBS element includes the Payload SEIT/PM, Structures, Thermal, Optics, Sensor, Laser, Power Supplies, RF Electronics, Digital Electronics, Data Storage, Antenna(s), Flight Software, and Support Equipment.

	
	(See the WBS breakout for the first Payload)
	

	1.2a.3.4
	Communication / Payload Flight Software
	This WBS summing element contains all of the resources required to design, develop, code, test, document, install, integrate and verify flight software for performing Communication / Payload functions. If some of the functions are implemented in firmware, then this element includes designing, developing, coding` and testing those functions (e.g., by microcode programming).  If Communication / Payload cannot be separated between the Spacecraft Bus and the Communication / Payload Equipment, then the combined resources will be carried in the Spacecraft Bus WBS.  

	1.2a.3.4.1
	Communication / Payload Flight Software SEIT/PM
	This WBS summing element contains all the resources associated with Communication / Payload Flight Software management, engineering, analysis, design, testing and all other Communication / Payload Flight Software level efforts associated with the Communication / Payload Flight Function Software as a whole.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting Communication / Payload flight function Custom and COTS Software I&T; and review, analysis and documentation of test results.

	1.2a.3.4.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Communication / Payload Flight Software. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication / Payload Flight Software.

	1.2a.3.4.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Communication / Payload Flight Software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define/refine software test cases; perform Communication / Payload Flight Software integration analysis; perform software build and test; and update Software Development Files/Folders (SDFs). 

	1.2a.3.4.1.3
	Program Management
	Communication / Payload Flight Software PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Communication / Payload Flight Software.  It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.4.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Communication / Payload Flight Software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.4.n = 2
	Communication / Payload Flight Software First Flight Function (n = 2 which is the first Communication / Payload software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all Communication / Payload first flight function COTS and custom flight software.

	1.2a.3.4.2.1
	Communication / Payload Flight Software First Flight Function SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the Communication / Payload Flight Software first flight function Custom and COTS Software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting flight function Custom and COTS Software I&T; and review, analysis and documentation of test results. 

	1.2a.3.4.2.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the Communication / Payload flight software first flight function. This engineering support includes:  Systems Engineering; Safety; Quality Assurance; Reliability; Availability; Maintainability; and Human Engineering associated with the overall Communication / Payload flight software first flight function.

	1.2a.3.4.2.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the Communication / Payload flight software first flight function.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform Communication / Payload flight software first flight function integration analysis; perform software build and test; and update SDFs. 

	1.2a.3.4.2.1.3
	Program Management
	Communication / Payload flight software first flight function PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the Communication / Payload flight software first flight function. It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	1.2a.3.4.2.1.4
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of, or modification of historical/heritage Communication / Payload Software First Flight Function software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.2a.3.4.2.2
	Custom Software
	This WBS element is a summing element for the first flight function custom software for the Communication / Payload.  It contains all the resources associated with the design, development, coding, production, integration, verification and test of the first flight function custom software.

	1.2a.3.4.2.2.x = 1
	Communication / Payload Flight Software First Flight Function Configuration Item one (x = 1 which is the first software configuration item for the first Communication / Payload Software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item for the Communication / Payload Flight software first flight function.  

	1.2a.3.4.2.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item requirements analysis for the Communication / Payload Flight Software First Flight Function.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.2a.3.4.2.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item design for the Communication / Payload Flight Software First Flight Function.  This is the process of decomposing a high-level abstract requirement into lower level software elements, preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.2a.3.4.2.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item coding and design entity testing for the Communication / Payload Flight Software First Flight Function.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.2a.3.4.2.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item design entity I&T for the Communication / Payload Flight Software First Flight Function.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.2a.3.4.2.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item testing for the Communication / Payload Flight Software First Flight Function.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.2a.3.4.2.2.x = 2
	Communication / Payload Flight Software First Flight Function Configuration Item two (x = 2 which is the second software configuration item for the first Communication / Payload flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item for the Communication / Payload Flight software first flight function.

	
	(See the WBS breakout for the first flight function first software configuration item)
	

	1.2a.3.4.2.2.x+1 = 3
	Communication / Payload Flight Software First Flight Function Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code for the Communication / Payload Flight software first flight function.

	1.2a.3.4.2.3
	Communication / Payload Flight Software First Flight Function Commercial Off the Shelf (COTS) Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Communication / Payload Flight software first flight function Flight Function COTS software.

	1.2a.3.4.2.4
	Communication / Payload Flight Software First Flight Function Other Software Costs
	This WBS element contains all the resources associated with Communication / Payload Flight software first flight function items not included in WBS elements 1.2a.3.4.2.1 through 1.2a.3.4.2.4 above.

	1.2a.3.4.n = 3
	Communication / Payload Flight Software Second Flight Function (n = 3 which is the second Communication / Payload software flight function)
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all COTS and custom flight function software.

	
	(See the WBS breakout for the first software flight function)
	

	1.2a.3.4.n+1 = 4
	Communication / Payload Flight Software Other Costs
	This WBS element contains all the resources associated with Communication / Payload Flight Software items not included in WBS elements 1.2a.3.4.1 through 1.2a.3.4.n=3 above.

	1.2a.3.5
	Communication / Payload Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Communication / Payload Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.3.6
	Communication / Payload Other Costs
	This WBS element contains all the resources associated with Communication / Payload hardware or software items not included in WBS elements 1.2a.3.1 through 1.2a.3.5 above.

	1.2a.4
	Booster Adapter
	This WBS element contains all of the material and effort associated with the design, development, production, integration, assembly, and test of the Booster Adapter.  It includes items such as adapter structures, attachment and release devices, thermal control, instrumentation, and umbilical provisions.  

	1.2a.5
	Spacecraft Storage
	This WBS element includes the planning, preparation, storage, maintenance, removal, refurbishment, and retesting of the spacecraft and/or its subsystems. The storage period typically starts when production testing is complete and continues until the spacecraft is ready for shipping to the launch site.  This WBS element also includes costs for storage facility use and environmental control equipment.

	1.2a.6
	Refurbishment
	This WBS element includes spare parts, subassemblies and assemblies used for replacement of failed or worn out spacecraft and test equipment component parts, subassemblies and assemblies as well as refurbishment of those replacement items.  This WBS specifically excludes development hardware spares, which are included in the WBS elements containing the hardware itself. It also excludes the costs of spare parts and refurbishment, which are embedded in hardware component costs and cannot be separated from other component costs.

This WBS excludes refurbishment costs included in WBS 1.2a.5 Spacecraft Storage.

	1.2a.7
	Launch Systems Integration
	This WBS element includes the spacecraft contractor studies, analysis, and tests supporting the integration of the spacecraft with the launch vehicle.  It also includes launch system integration hardware, if any, provided by the spacecraft contractor.  It excludes the booster adapter, which is in WBS 1.2a.4.

	1.2a.8
	Launch Operations & Mission Support
	This WBS includes satellite contractor effort associated with pre-launch planning and preparation; launch operations, and initial on-orbit operations provided by the producer/integrator of the Spacecraft and Ground portions of the Space System.  Pre-launch activities include preparation of the spacecraft for shipping and actual shipping of the spacecraft to the launch site. Launch operations support includes spacecraft contractor participation in final assembly, checkout, fueling and launch activities. It also includes spacecraft contractor telemetry review and analysis during boost phases and initial orbital operations.

Mission support includes spacecraft contractor participation in on-orbit testing; routine monitoring of spacecraft equipment health and status; fault detection; and anomaly investigation and resolution.  The mission support period typically begins shortly after launch and ends when the spacecraft achieves initial operational capability.

	1.2a.9
	Spacecraft Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Spacecraft Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.2a.10
	Spacecraft Other Costs
	This WBS element contains all the resources associated with Spacecraft hardware or software items not included in WBS elements 1.2a.1 through 1.2a.9 above.

	1.2a.11
	Spacecraft Government Furnished Equipment/Data/Property (GFE/D/P)
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property. 

	1.2a.12
	Spacecraft Other Government Costs (OGC)
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the Spacecraft portion of the Space System.

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the Spacecraft portion of the Space System.

	1.2b
	Spacecraft (b = 2nd Spacecraft in a multiple and dissimilar Spacecraft purchase; c = 3rd Spacecraft...)
	This is the WBS summing element for the second complete Spacecraft in a multiple and dissimilar Spacecraft configuration.  It contains all of the resources associated with the design, development, production, integration, assembly, and test to include verification testing of the 2nd Spacecraft. 

It includes the Spacecraft SEIT/PM; Spacecraft Bus; Communication / Payload Equipment; Booster Adapter; Spacecraft Storage; Refurbishment; Launch systems Integration; Launch Operations and Mission Support; Spacecraft Support Equipment; Spacecraft Other Costs; Spacecraft GFE/D/P; and Spacecraft OGC.   

	
	(See the WBS breakout for the first Spacecraft)
	

	1.3a
	Ground (a = 1st Ground Site in a multiple Ground Site configuration; b = 2nd Ground Site...)
	This is the WBS summing element for the first complete Ground site/station, in a multiple Ground site/station configuration, in support of the Space System.  

The Ground site/station contains all of the resources associated with its design, development, production, procurement, integration, assembly, and test.

The Ground is defined as a fixed, transportable or mobile assembly of hardware, software, and firmware; that has a communications interface with a spacecraft to receive only, or to receive and transmit data generated and mission data collected by the spacecraft.  In addition, Spacecraft TT&C and mission data may be processed within collocated facilities or alternatively in remotely located facilities.

Ground includes the SEIT/PM; Ground Terminal; Command and Control; Mission Management; Data Archive/Storage; Mission Data Processing; Mission Data Analysis and Dissemination; and Mission Infrastructure, plus Ground Facilities/Buildings; Factory/Contractor Support Facilities; Ground Initial Support; Ground Support Equipment; Ground Other Costs; Ground GFE/D/P; and Ground OGC.  In addition, a Collection Management subsystem is included for those NRO satellites, which are experimental in nature. 

Support for the Space System and Spacecraft level integration and testing provided by the producer/integrator of the Ground portion of the Space System is included in this WBS element.

	1.3a.1
	Ground SEIT/PM
	This WBS summing element represents overall management, technical direction, integration, and operational site activation of the Ground station/site.  Included in the Ground SEIT/PM are all engineering, integration and test, management activities and data, and training resources required to ensure the Ground is developed, tested, delivered, and installed.  

Tests involving multiple Ground subsystems, or components from multiple Ground subsystems, are included in this WBS element.  SEIT/PM devoted to a single Ground subsystem, or components thereof, is excluded here and included in the appropriate element level WBS (1.3a.X.1).

Support for the Space System level integration and testing provided by the producer/integrator of the Ground is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the Ground are included in this element.

	1.3a.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Ground portion of the Space System.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, which are associated with the overall Ground.  

The Ground SE function is responsible for the analysis, derivation, allocation, and traceability of derived Ground requirements and interfaces.  This effort includes establishing Ground-level requirements; system/subsystem or subsystem/subsystem interfaces; Ground analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Ground.

	1.3a.1.2
	Integration and Test
	This WBS element represents the Ground portion of the Space System I&T and includes all resources necessary to integrate the subsystems into a functional Ground system. It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and tear-down; development of software for supporting Ground I&T; and review, analysis and documentation of Ground test results.

Tests involving multiple Ground subsystems, or components from multiple Ground subsystems, are included in this WBS element.  I&T devoted to a single Ground subsystem, or components thereof, is excluded here and included in the appropriate element level WBS (1.3a.X.1).

Support for the Space System level I&T provided by the producer/integrator of the Ground is included in this WBS element.

	1.3a.1.3
	Program Management
	This WBS element represents the Space System Ground PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Ground portion of the Space System. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Ground portion of the Space System.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Ground portion of the Space System.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Ground system with maximum efficiency.  

	1.3a.1.6
	Site Activation
	This WBS represents the operational site activation of the Ground Site. These functions begin with the completion of the construction or modification of the Ground Site Infrastructure functions to accommodate the Ground portion of the Space System.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the Space System Ground Site.  

	1.3a.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the Ground software algorithms, or modification of historical/heritage Ground software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.2
	Ground Terminal
	This WBS element is a summing element for the Ground Terminal (GT), which contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the GT subsystem.  This subsystem receives, downconverts, demodulates, and conditions telemetry, tracking, command, and mission (payload) data.  In addition, this subsystem generates the RF uplink, accepts tracking and command signals, and modulates them onto the RF uplink.

It includes items such as antennas, feeds, antenna positioners, antenna support pedestals, radomes, transmitters, receivers, up/down frequency converters, modulators, demodulators, front-end equipment (encryptors/decryptors, synchronizers), etc.

	1.3a.2.1
	Ground Terminal SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the GT subsystem.  Included in the GT SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the GT subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple GT WBS items, or components from multiple GT items, are included in this WBS element. Integration and Test devoted to a single GT WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the GT is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the GT subsystem are included in this element.  

	1.3a.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the GT subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall GT subsystem.  

The GT subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived GT subsystem requirements and interfaces.  This effort includes establishing GT subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; GT subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the GT subsystem.

	1.3a.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the GT Subsystem.  It includes all resources necessary to integrate and test the GT Subsystem components as a complete subsystem.  It includes GT Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level GT Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the GT is included in this WBS element.

	1.3a.2.1.3
	Program Management
	This WBS element represents the GT subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activation of the GT subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the GT subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the GT subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the GT subsystem with maximum efficiency.  

	1.3a.2.1.6
	Site Activation
	This WBS represents the operational site activation of the GT subsystem. These functions begin with the completion of the construction or modification of the GT subsystem infrastructure functions to accommodate the GT subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the GT subsystem portion of the Space System Ground Site.    

	1.3a.2.1.7


	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the GT software algorithms, or modification of historical/heritage GT software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.2.2
	Ground Terminal Hardware
	This WBS element is a summing element for the GT Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom GT hardware.

	1.3a.2.2.1
	Ground Terminal Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the Ground Terminal Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in Ground Terminal Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the Ground Terminal Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting Ground Terminal Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple Ground Terminal Hardware WBS items, or components from multiple Ground Terminal Hardware items, are included in this WBS element.  Integration and Test devoted to a single Ground Terminal Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the Ground Terminal level integration and testing provided by the producer/integrator of the Ground Terminal Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the Ground Terminal Hardware are included in this element.

	1.3a.2.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Ground Terminal Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall Ground Terminal Hardware.  

The Ground Terminal Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived Ground Terminal Hardware requirements and interfaces.  This effort includes establishing Ground Terminal Hardware-level requirements; Subsystem/component, or component/component interfaces; Ground Terminal Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Ground Terminal Hardware.

	1.3a.2.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the Ground Terminal Subsystem hardware.  It includes all resources necessary to integrate and test the Ground Terminal Subsystem hardware components.  It includes Ground Terminal Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level Ground Terminal Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the Ground Terminal integration and testing provided by the producer/integrator of the Ground Terminal hardware is included in this WBS element.

	1.3a.2.2.1.3
	Program Management
	This WBS element represents the Ground Terminal hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the Ground Terminal hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.2.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the Ground Terminal hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.2.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the Ground Terminal hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the Ground Terminal hardware with maximum efficiency.  

	1.3a.2.2.2
	Ground Terminal Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of GT custom hardware. 

	1.3a.2.2.2.1
	Ground Terminal Custom Hardware Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to GT custom hardware.

I&T related to the higher-level GT subsystem should be carried at that level.

	1.3a.2.2.2.2
	Front End Electronics
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of front-end electronics.

	1.3a.2.2.2.3
	Telemetry & Ranging
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of telemetry and ranging.

	1.3a.2.2.2.4
	RF Subgroup
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the RF subgroup.

	1.3a.2.2.2.x = 5
	Other Custom Hardware Items (x = 5 is the first “other hardware item”.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.2.2.3
	Ground Terminal COTS Hardware 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the GT COTS hardware.  

	1.3a.2.2.3.1
	Ground Terminal COTS Hardware Integration & Test
	This WBS element contains all I&T resources specifically related to and limited to GT COTS hardware.

Higher-level GT subsystem I&T should be carried at that level.

	1.3a.2.2.3.x = 2
	COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other COTS hardware items (specifically identify the item(s)).

	1.3a.2.2.4
	Ground Terminal Other Hardware Costs
	This WBS element contains all the resources associated with GT hardware or software items not included in WBS elements 1.3a.2.2.2.1 through 1.3a.2.2.3.x = 2 above.

	1.3a.2.3
	Ground Terminal Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all GT custom and COTS software.

	1.3a.2.3.1
	Ground Terminal Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the GT custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting GT software I&T; and review, analysis and documentation of test results. 

In addition, Data, Training, Algorithms and developed specifically for and in support of the GT software are included in this element.

	1.3a.2.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the GT custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall GT custom and COTS software.

	1.3a.2.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the GT custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform GT custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.2.3.1.3
	Program Management
	This WBS element represents the GT software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the GT software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.2.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the GT software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.2.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the GT software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the GT software with maximum efficiency.  

	1.3a.2.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the GT software algorithms, or modification of historical/heritage GT software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.2.3.2
	Ground Terminal Custom Software
	This WBS element is a summing element for the custom software for the GT. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the GT custom software.

	1.3a.2.3.2.x = 1
	Configuration Item one (x = 1 which is the first software configuration item for the Ground Terminal)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the GT.  

	1.3a.2.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the GT.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.2.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the GT.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.2.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the GT.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.2.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the GT.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.2.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the GT.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.2.3.2.x = 2
	Configuration Item two (x = 2 which is the second software configuration item for the Ground Terminal)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the GT.

	
	(See the WBS breakout for the Ground Terminal first software configuration item)
	

	1.3a.2.3.2.x+1 = 3
	Ground Terminal Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the Ground Terminal.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.2.3.3
	Ground Terminal Commercial Off the Shelf (COTS) Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the Ground Terminal COTS software.

	1.3a.2.3.4
	Ground Terminal Other Software Costs
	This WBS element contains all the resources associated with Ground Terminal software items not included in WBS elements 1.3a.2.3.1 through 1.3a.2.3.3 above.

	1.3a.2.4
	Ground Terminal Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the GT subsystem portion of the Space System Ground Site.  

	1.3a.2.5
	Ground Terminal Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the GT subsystem portion of the Space System Ground Site.  

	1.3a.2.6
	Ground Terminal Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the GT subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the GT subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.2.7
	Ground Terminal Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.2.8
	Ground Terminal Other Costs
	This WBS element contains all the resources associated with GT subsystem hardware or software items not included in WBS elements 1.3a.2.1 through 1.3a.2.7 above.

	1.3a.2.9
	Ground Terminal GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the GT subsystem portion of the Space System Ground Site.  

	1.3a.2.10
	Ground Terminal OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the GT subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the GT subsystem portion of the Space System Ground Site.  

	1.3a.3
	Command and Control
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Command and Control (CC) subsystem.  The CC subsystem decodes, Demultiplexers and decrypts spacecraft telemetry; generates commands for transmission to the spacecraft, and processes tracking data to generate spacecraft ephemeris. This subsystem supports all Ground subsystems that require the capability to prepare and output commands to, and receive and process data from, the spacecraft while in operation or under test. This element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. It also includes software for handling, processing and executing spacecraft commands as well as processing and analyzing spacecraft telemetry.

	1.3a.3.1
	Command and Control SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the Command and Control (CC) subsystem.  Included in the CC SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the CC subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple CC WBS items, or components from multiple CC items, are included in this WBS element. Integration and Test devoted to a single CC WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the CC is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the CC are included in this element.

	1.3a.3.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the CC subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CC subsystem.  

The CC subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived CC subsystem requirements and interfaces.  This effort includes establishing CC subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; CC subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the CC subsystem.

	1.3a.3.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the CC Subsystem.  It includes all resources necessary to integrate and test the CC Subsystem components as a complete subsystem.  It includes CC Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level CC Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the CC is included in this WBS element.

	1.3a.3.1.3
	Program Management
	This WBS element represents the CC subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the CC subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CC subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CC subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CC subsystem with maximum efficiency.  

	1.3a.3.1.6
	Site Activation
	This WBS represents the operational site activation of the CC subsystem. These functions begin with the completion of the construction or modification of the CC subsystem infrastructure functions to accommodate the CC subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the CC subsystem portion of the Space System Ground Site.    

	1.3a.3.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the GT software algorithms, or modification of historical/heritage GT software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.3.2
	Command and Control Hardware
	This WBS element is a summing element for the CC Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom CC hardware.

	1.3a.3.2.1
	Command and Control Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the CC Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in CC Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the CC Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting CC Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple CC Hardware WBS items, or components from multiple CC Hardware items, are included in this WBS element.  Integration and Test devoted to a single CC Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the CC level integration and testing provided by the producer/integrator of the CC Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the CC Hardware are included in this element.

	1.3a.3.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the CC Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CC Hardware.  

The CC Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived CC Hardware requirements and interfaces.  This effort includes establishing CC Hardware-level requirements; Subsystem/component, or component/component interfaces; CC Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the CC Hardware.

	1.3a.3.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the CC Subsystem hardware.  It includes all resources necessary to integrate and test the CC Subsystem hardware components.  It includes CC Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level CC Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the CC integration and testing provided by the producer/integrator of the CC hardware is included in this WBS element.

	1.3a.3.2.1.3
	Program Management
	This WBS element represents the CC hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the CC hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.3.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CC hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.3.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CC hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CC hardware with maximum efficiency.  

	1.3a.3.2.2
	Command and Control Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of CC custom hardware. 

	1.3a.3.2.2.1
	Command and Control Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to CC custom hardware.

I&T related to the higher-level CC subsystem should be carried at that level.

	1.3a.3.2.2.x = 2
	Command and Control Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.3.2.3
	Command and Control COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CC COTS hardware.  

	1.3a.3.2.3.1
	Command and Control COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to CC COTS hardware.

Higher-level CC subsystem I&T should be carried at that level.

	1.3a.3.2.3.x = 2
	Command and Control COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CC COTS hardware.  

	1.3a.3.2.4
	Command and Control Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to CC COTS hardware.

Higher-level CC subsystem I&T should be carried at that level.

	1.3a.3.3
	Command and Control Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all CC custom and COTS software.

	1.3a.3.3.1
	Command and Control Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the CC custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting CC software I&T; and review, analysis and documentation of test results. 

	1.3a.3.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the CC custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CC custom and COTS software.

	1.3a.3.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the CC custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform CC custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.3.3.1.3
	Program Management
	This WBS element represents the CC software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the CC software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.3.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CC software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.3.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CC software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CC software with maximum efficiency.  

	1.3a.3.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the CC software algorithms, or modification of historical/heritage CC software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.3.3.2
	Command and Control Custom Software
	This WBS element is a summing element for the custom software for the CC. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the CC custom software.

	1.3a.3.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Command and Control)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the CC.  

	1.3a.3.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the CC.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.3.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the CC.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.3.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the CC.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.3.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the CC.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.3.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the CC.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.3.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Command and Control)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the CC.

	
	(See the WBS breakout for the Command and Control first software configuration item)
	

	1.3a.3.3.2.x+1 = 3
	Command and Control Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the CC.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.3.3.3
	Command and Control COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CC COTS software.

	1.3a.3.3.4
	Command and Control Other Software Costs
	This WBS element contains all the resources associated with CC software items not included in WBS elements 1.3a.3.3.1 through 1.3a.3.3.3 above.

	1.3a.3.4
	Command and Control Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the CC subsystem portion of the Space System Ground Site.  

	1.3a.3.5
	Command and Control Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the CC subsystem portion of the Space System Ground Site.  

	1.3a.3.6
	Command and Control Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the CC subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the CC subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.3.7
	Command and Control Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.3.8
	Command and Control Other Costs
	This WBS element contains all the resources associated with CC subsystem hardware or software items not included in WBS elements 1.3a.3.1 through 1.3a.3.7 above.

	1.3a.3.9
	Command and Control GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the CC subsystem portion of the Space System Ground Site.  

	1.3a.3.10
	Command and Control OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the CC subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the CC subsystem portion of the Space System Ground Site.  

	1.3a.4
	Mission Management
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, and test of the Mission Management (MM) subsystem. The MM subsystem receives tasking, generates and provides the daily and longer-term system and mission plans, schedules, and timelines for the locally controlled satellites and ground facilities.  This WBS element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. plus software for processing tasking requests, generating mission plans, assessing system performance and reporting results.

	1.3a.4.1
	Mission Management SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the Mission Management (MM) subsystem.  Included in the MM SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the MM subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple MM WBS items, or components from multiple MM items, are included in this WBS element. Integration and Test devoted to a single MM WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the MM is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the MM are included in this element.

	1.3a.4.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MM subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MM subsystem.  

The MM subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived MM subsystem requirements and interfaces.  This effort includes establishing MM subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; MM subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MM subsystem.

	1.3a.4.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MM Subsystem.  It includes all resources necessary to integrate and test the MM Subsystem components as a complete subsystem.  It includes MM Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MM Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the MM is included in this WBS element.

	1.3a.4.1.3
	Program Management
	This WBS element represents the MM subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the MM subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.4.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MM subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.4.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MM subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MM subsystem with maximum efficiency.  

	1.3a.4.1.6
	Site Activation
	This WBS represents the operational site activation of the MM subsystem. These functions begin with the completion of the construction or modification of the MM subsystem infrastructure functions to accommodate the MM subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the MM subsystem portion of the Space System Ground Site.    

	1.3a.4.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MM software algorithms, or modification of historical/heritage MM software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.4.2
	Mission Management Hardware
	This WBS element is a summing element for the MM Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom MM hardware.

	1.3a.4.2.1
	Mission Management Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the MM Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in MM Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the MM Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting MM Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple MM Hardware WBS items, or components from multiple MM Hardware items, are included in this WBS element.  Integration and Test devoted to a single MM Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the MM level integration and testing provided by the producer/integrator of the MM Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the MM Hardware are included in this element.

	1.3a.4.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MM Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MM Hardware.  

The MM Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived MM Hardware requirements and interfaces.  This effort includes establishing MM Hardware-level requirements; Subsystem/component, or component/component interfaces; MM Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MM Hardware.

	1.3a.4.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MM Subsystem hardware.  It includes all resources necessary to integrate and test the MM Subsystem hardware components.  It includes MM Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MM Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the MM integration and testing provided by the producer/integrator of the MM hardware is included in this WBS element.

	1.3a.4.2.1.3
	Program Management
	This WBS element represents the MM hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MM hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.4.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MM hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.4.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MM hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MM hardware with maximum efficiency.  

	1.3a.4.2.2
	Mission Management Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of MMcustom hardware. 

	1.3a.4.2.2.1
	Mission Management Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MM custom hardware.

I&T related to the higher-level MM subsystem should be carried at that level.

	1.3a.4.2.2.x = 2
	Mission Management Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.4.2.3
	Mission Management COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MM COTS hardware.  

	1.3a.4.2.3.1
	Mission Management COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MM COTS hardware.

Higher-level MM subsystem I&T should be carried at that level.

	1.3a.4.2.3.x = 2
	Mission Management COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MM COTS hardware.  

	1.3a.4.2.4
	Mission Management Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to MM COTS hardware.

Higher-level MM subsystem I&T should be carried at that level.

	1.3a.4.3
	Mission Management Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all MM custom and COTS software.

	1.3a.4.3.1
	Mission Management Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the MM custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting MM software I&T; and review, analysis and documentation of test results. 

	1.3a.4.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the MM custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MM custom and COTS software.

	1.3a.4.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the MM custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform MM custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.4.3.1.3
	Program Management
	This WBS element represents the MM software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MM software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.4.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MM software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.4.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MM software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MM software with maximum efficiency.  

	1.3a.4.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MM software algorithms, or modification of historical/heritage MM software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.4.3.2
	Mission Management Custom Software
	This WBS element is a summing element for the custom software for the MM. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the MM custom software.

	1.3a.4.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Management)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the MM.  

	1.3a.4.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the MM.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.4.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the MM.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.4.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the MM.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.4.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the MM.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.4.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the MM.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.4.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Management)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the MM.

	
	(See the WBS breakout for the Mission Management first software configuration item)
	

	1.3a.4.3.2.x+1 = 3
	Mission Management Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the MM.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.4.3.3
	Mission Management COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MM COTS software.

	1.3a.4.3.4
	Mission Management Other Software Costs
	This WBS element contains all the resources associated with MM software items not included in WBS elements 1.3a.4.3.1 through 1.3a.4.3.3 above.

	1.3a.4.4
	Mission Management Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the MM subsystem portion of the Space System Ground Site.  

	1.3a.4.5
	Mission Management Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the MM subsystem portion of the Space System Ground Site.  

	1.3a.4.6
	Mission Management Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the MM subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the MM subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.4.7
	Mission Management Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.4.8
	Mission Management Other Costs
	This WBS element contains all the resources associated with MM subsystem hardware or software items not included in WBS elements 1.3a.4.1 through 1.3a.4.7 above.

	1.3a.4.9
	Mission Management GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the MM subsystem portion of the Space System Ground Site.  

	1.3a.4.10
	Mission Management OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the MM subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the MM subsystem portion of the Space System Ground Site.  

	1.3a.5
	Data Archive/Storage
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Data Archive/Storage (DAS) subsystem. The DAS subsystem receives daily and longer-term system and mission data and provides archive/storage for the locally controlled satellites and ground facilities.  This WBS element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. plus software for compiling, logging, tracking, allocating space, and data retrieval while assessing system performance and reporting results.

	1.3a.5.1
	Data Archive/Storage SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the Data Archive/Storage  (DAS) subsystem.  Included in the DAS SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the DAS subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple DAS WBS items, or components from multiple DAS items, are included in this WBS element. Integration and Test devoted to a single DAS WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the DAS is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the DAS are included in this element.

	1.3a.5.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the DAS subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall DAS subsystem.  

The DAS subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived DAS subsystem requirements and interfaces.  This effort includes establishing DAS subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; DAS subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the DAS subsystem.

	1.3a.5.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the DAS Subsystem.  It includes all resources necessary to integrate and test the DAS Subsystem components as a complete subsystem.  It includes DAS Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level DAS Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the DAS is included in this WBS element.

	1.3a.5.1.3
	Program Management
	This WBS element represents the DAS subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the DAS subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.5.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the DAS subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.5.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the DAS subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the DAS subsystem with maximum efficiency.  

	1.3a.5.1.6
	Site Activation
	This WBS represents the operational site activation of the DAS subsystem. These functions begin with the completion of the construction or modification of the DAS subsystem infrastructure functions to accommodate the DAS subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the DAS subsystem portion of the Space System Ground Site.    

	1.3a.5.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the DAS software algorithms, or modification of historical/heritage DAS software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.5.2
	Data Archive/Storage Hardware
	This WBS element is a summing element for the DAS Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom DAS hardware.

	1.3a.5.2.1
	Data Archive/Storage Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the DAS Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in DAS Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the DAS Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting DAS Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple DAS Hardware WBS items, or components from multiple DAS Hardware items, are included in this WBS element.  Integration and Test devoted to a single DAS Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the DAS level integration and testing provided by the producer/integrator of the DAS Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the DAS Hardware are included in this element.

	1.3a.5.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the DAS Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall DAS Hardware.  

The DAS Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived DAS Hardware requirements and interfaces.  This effort includes establishing DAS Hardware-level requirements; Subsystem/component, or component/component interfaces; DAS Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the DAS Hardware.

	1.3a.5.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the DAS Subsystem hardware.  It includes all resources necessary to integrate and test the DAS Subsystem hardware components.  It includes DAS Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level DAS Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the DAS integration and testing provided by the producer/integrator of the DAS hardware is included in this WBS element.

	1.3a.5.2.1.3
	Program Management
	This WBS element represents the DAS hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the DAS hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.5.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the DAS hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.5.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the DAS hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the DAS hardware with maximum efficiency.  

	1.3a.5.2.2
	Data Archive/Storage Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of DAS custom hardware. 

	1.3a.5.2.2.1
	Data Archive/Storage Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to DAS custom hardware.

I&T related to the higher-level DAS subsystem should be carried at that level.

	1.3a.5.2.2.x = 2
	Data Archive/Storage Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.5.2.3
	Data Archive/Storage COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the DAS COTS hardware.  

	1.3a.5.2.3.1
	Data Archive/Storage COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to DAS COTS hardware.

Higher-level DAS subsystem I&T should be carried at that level.

	1.3a.5.2.3.x = 2
	Data Archive/Storage COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the DAS COTS hardware.  

	1.3a.5.2.4
	Data Archive/Storage Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to DAS COTS hardware.

Higher-level DAS subsystem I&T should be carried at that level.

	1.3a.5.3
	Data Archive/Storage Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all DAS custom and COTS software.

	1.3a.5.3.1
	Data Archive/Storage Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the DAS custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting DAS software I&T; and review, analysis and documentation of test results. 

	1.3a.5.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the DAS custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall DAS custom and COTS software.

	1.3a.5.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the DAS custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform DAS custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.5.3.1.3
	Program Management
	This WBS element represents the DAS software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the DAS software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.5.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the DAS software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.5.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the DAS software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the DAS software with maximum efficiency.  

	1.3a.5.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the DAS software algorithms, or modification of historical/heritage DAS software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.5.3.2
	Data Archive/Storage Custom Software
	This WBS element is a summing element for the custom software for the DAS. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the DAS custom software.

	1.3a.5.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Data Archive/Storage)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the DAS.  

	1.3a.5.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the DAS.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.5.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the DAS.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.5.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the DAS.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.5.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the DAS.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.5.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the DAS.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.5.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Data Archive/Storage)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the DAS.

	
	(See the WBS breakout for the Data Archive/Storage first software configuration item)
	

	1.3a.5.3.2.x+1 = 3
	Data Archive/Storage Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the DAS.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.5.3.3
	Data Archive/Storage COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the DAS COTS software.

	1.3a.5.3.4
	Data Archive/Storage Other Software Costs
	This WBS element contains all the resources associated with DAS software items not included in WBS elements 1.3a.5.3.1 through 1.3a.5.3.3 above.

	1.3a.5.4
	Data Archive/Storage Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the DAS subsystem portion of the Space System Ground Site.  

	1.3a.5.5
	Data Archive/Storage Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the DAS subsystem portion of the Space System Ground Site.  

	1.3a.5.6
	Data Archive/Storage Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the DAS subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the DAS subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.5.7
	Data Archive/Storage Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.5.8
	Data Archive/Storage Other Costs
	This WBS element contains all the resources associated with DAS subsystem hardware or software items not included in WBS elements 1.3a.5.1 through 1.3a.5.7 above.

	1.3a.5.9
	Data Archive/Storage GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the DAS subsystem portion of the Space System Ground Site.  

	1.3a.5.10
	Data Archive/Storage OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the DAS subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the DAS subsystem portion of the Space System Ground Site.  

	1.3a.6
	Mission Data Processing
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Mission Data Processing (MDP) subsystem.  This subsystem decodes, Demultiplexers, and decrypts digital and/or analog mission data from spacecraft payloads and generates commands for payload control.  This subsystem typically performs processing unique to the payload(s) on the spacecraft, as opposed to centralized processing of payload data from different types of spacecraft.  This data processing could be pre-processing prior to forwarding mission data to a national processing center and/or complete end-to-end data processing for direct dissemination to users.  This WBS element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. It also includes software for performing pre-processing operations on the mission data such as reformatting, compressing, combining and tagging. (It may also perform other “back end” processing functions).

	1.3a.6.1
	Mission Data Processing SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the MDP subsystem.  Included in the MDP SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the MDP subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple MDP WBS items, or components from multiple MDP items, are included in this WBS element. Integration and Test devoted to a single MDP WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the MDP is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the MDP are included in this element.

	1.3a.6.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MDP subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDP subsystem.  

The MDP subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived MDP subsystem requirements and interfaces.  This effort includes establishing MDP subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; MDP subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MDP subsystem.

	1.3a.6.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MDP Subsystem.  It includes all resources necessary to integrate and test the MDP Subsystem components as a complete subsystem.  It includes MDP Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MDP Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the MDP is included in this WBS element.

	1.3a.6.1.3
	Program Management
	This WBS element represents the MDP subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the MDP subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.6.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDP subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.6.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDP subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDP subsystem with maximum efficiency.  

	1.3a.6.1.6
	Site Activation
	This WBS represents the operational site activation of the MDP subsystem. These functions begin with the completion of the construction or modification of the MDP subsystem infrastructure functions to accommodate the MDP subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the MDP subsystem portion of the Space System Ground Site.    

	1.3a.6.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MDP software algorithms, or modification of historical/heritage MDP software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.6.2
	Mission Data Processing Hardware
	This WBS element is a summing element for the MDP Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom MDP hardware.

	1.3a.6.2.1
	Mission Data Processing Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the MDP Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in MDP Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the MDP Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting MDP Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple MDP Hardware WBS items, or components from multiple MDP Hardware items, are included in this WBS element.  Integration and Test devoted to a single MDP Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the MDP level integration and testing provided by the producer/integrator of the MDP Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the MDP Hardware are included in this element.

	1.3a.6.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MDP Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDP Hardware.  

The MDP Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived MDP Hardware requirements and interfaces.  This effort includes establishing MDP Hardware-level requirements; Subsystem/component, or component/component interfaces; MDP Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MDP Hardware.

	1.3a.6.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MDP Subsystem hardware.  It includes all resources necessary to integrate and test the MDP Subsystem hardware components.  It includes MDP Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MDP Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the MDP integration and testing provided by the producer/integrator of the MDP hardware is included in this WBS element.

	1.3a.6.2.1.3
	Program Management
	This WBS element represents the MDP hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MDP hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.6.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDP hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.6.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDP hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDP hardware with maximum efficiency.  

	1.3a.6.2.2
	Mission Data Processing Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of MDP custom hardware. 

	1.3a.6.2.2.1
	Mission Data Processing Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MDP custom hardware.

I&T related to the higher-level MDP subsystem should be carried at that level.

	1.3a.6.2.2.x = 2
	Mission Data Processing Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.6.2.3
	Mission Data Processing COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDP COTS hardware.  

	1.3a.6.2.3.1
	Mission Data Processing COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MDP COTS hardware.

Higher-level MDP subsystem I&T should be carried at that level.

	1.3a.6.2.3.x = 2
	Mission Data Processing COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDP COTS hardware.  

	1.3a.6.2.4
	Mission Data Processing Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to MDP COTS hardware.

Higher-level MDP subsystem I&T should be carried at that level.

	1.3a.6.3
	Mission Data Processing Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all MDP custom and COTS software.

	1.3a.6.3.1
	Mission Data Processing Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the MDP custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting MDP software I&T; and review, analysis and documentation of test results. 

	1.3a.6.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the MDP custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDP custom and COTS software.

	1.3a.6.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the MDP custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform MDP custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.6.3.1.3
	Program Management
	This WBS element represents the MDP software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MDP software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.6.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDP software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.6.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDP software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDP software with maximum efficiency.  

	1.3a.6.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MDP software algorithms, or modification of historical/heritage MDP software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.6.3.2
	Mission Data Processing Custom Software
	This WBS element is a summing element for the custom software for the MDP. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the MDP custom software.

	1.3a.6.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Data Processing)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the MDP.  

	1.3a.6.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the MDP.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.6.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the MDP.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.6.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the MDP.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.6.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the MDP.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.6.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the MDP.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.6.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Data Processing)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the MDP.

	
	(See the WBS breakout for the Mission Data Processing first software configuration item)
	

	1.3a.6.3.2.x+1 = 3
	Mission Data Processing Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the MDP.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.6.3.3
	Mission Data Processing COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDP COTS software.

	1.3a.6.3.4
	Mission Data Processing Other Software Costs
	This WBS element contains all the resources associated with MDP software items not included in WBS elements 1.3a.6.3.1 through 1.3a.6.3.3 above.

	1.3a.6.4
	Mission Data Processing Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the MDP subsystem portion of the Space System Ground Site.  

	1.3a.6.5
	Mission Data Processing Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the MDP subsystem portion of the Space System Ground Site.  

	1.3a.6.6
	Mission Data Processing Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the MDP subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the MDP subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.6.7
	Mission Data Processing Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.6.8
	Mission Data Processing Other Costs
	This WBS element contains all the resources associated with MDP subsystem hardware or software items not included in WBS elements 1.3a.6.1 through 1.3a.6.7 above.

	1.3a.6.9
	Mission Data Processing GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the MDP subsystem portion of the Space System Ground Site.  

	1.3a.6.10
	Mission Data Processing OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the MDP subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the MDP subsystem portion of the Space System Ground Site.  

	1.3a.7
	Mission Data Analysis and Dissemination
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Mission Data Analysis and Dissemination (MDAD) subsystem. The MDAD subsystem is responsible for analysis of mission data from the payload(s) on the spacecraft. This mission data analysis could take various forms and could be interactive with a "human-in-the-loop" or automatic. 

The dissemination function routes the received data and/or the final analysis products to the appropriate Ground subsystems, archive/storage locations, and also to external users. This WBS element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. It also includes software for performing the MDAD tasks.

	1.3a.7.1
	Mission Data Analysis and Dissemination SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the MDAD subsystem.  Included in the MDAD SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the MDAD subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple MDAD WBS items, or components from multiple MDAD items, are included in this WBS element. Integration and Test devoted to a single MDAD WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the MDAD is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the MDAD are included in this element.

	1.3a.7.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MDAD subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDAD subsystem.  

The MDAD subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived MDAD subsystem requirements and interfaces.  This effort includes establishing MDAD subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; MDAD subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MDAD subsystem.

	1.3a.7.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MDAD Subsystem.  It includes all resources necessary to integrate and test the MDAD Subsystem components as a complete subsystem.  It includes MDAD Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MDAD Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the MDAD is included in this WBS element.

	1.3a.7.1.3
	Program Management
	This WBS element represents the MDAD subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the MDAD subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.7.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDAD subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.7.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDAD subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDAD subsystem with maximum efficiency.  

	1.3a.7.1.6
	Site Activation
	This WBS represents the operational site activation of the MDAD subsystem. These functions begin with the completion of the construction or modification of the MDAD subsystem infrastructure functions to accommodate the MDAD subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the MDAD subsystem portion of the Space System Ground Site.    

	1.3a.7.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MDAD software algorithms, or modification of historical/heritage MDAD software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.7.2
	Mission Data Analysis and Dissemination Hardware
	This WBS element is a summing element for the MDAD Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom MDAD hardware.

	1.3a.7.2.1
	Mission Data Analysis and Dissemination Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the MDAD Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in MDAD Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the MDAD Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting MDAD Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple MDAD Hardware WBS items, or components from multiple MDAD Hardware items, are included in this WBS element.  Integration and Test devoted to a single MDAD Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the MDAD level integration and testing provided by the producer/integrator of the MDAD Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the MDAD Hardware are included in this element.

	1.3a.7.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MDAD Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDAD Hardware.  

The MDAD Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived MDAD Hardware requirements and interfaces.  This effort includes establishing MDAD Hardware-level requirements; Subsystem/component, or component/component interfaces; MDAD Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MDAD Hardware.

	1.3a.7.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MDAD Subsystem hardware.  It includes all resources necessary to integrate and test the MDAD Subsystem hardware components.  It includes MDAD Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MDAD Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the MDAD integration and testing provided by the producer/integrator of the MDAD hardware is included in this WBS element.

	1.3a.7.2.1.3
	Program Management
	This WBS element represents the MDAD hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MDAD hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.7.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDAD hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.7.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDAD hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDAD hardware with maximum efficiency.  

	1.3a.7.2.2
	Mission Data Analysis and Dissemination Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of MDAD custom hardware. 

	1.3a.7.2.2.1
	Mission Data Analysis and Dissemination Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MDAD custom hardware.

I&T related to the higher-level MDAD subsystem should be carried at that level.

	1.3a.7.2.2.x = 2
	Mission Data Analysis and Dissemination Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.7.2.3
	Mission Data Analysis and Dissemination COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDAD COTS hardware.  

	1.3a.7.2.3.1
	Mission Data Analysis and Dissemination COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MDAD COTS hardware.

Higher-level MDAD subsystem I&T should be carried at that level.

	1.3a.7.2.3.x = 2
	Mission Data Analysis and Dissemination COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDAD COTS hardware.  

	1.3a.7.2.4
	Mission Data Analysis and Dissemination Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to MDAD COTS hardware.

Higher-level MDAD subsystem I&T should be carried at that level.

	1.3a.7.3
	Mission Data Analysis and Dissemination Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all MDAD custom and COTS software.

	1.3a.7.3.1
	Mission Data Analysis and Dissemination Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the MDAD custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting MDAD software I&T; and review, analysis and documentation of test results. 

	1.3a.7.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the MDAD custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MDAD custom and COTS software.

	1.3a.7.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the MDAD custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform MDAD custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.7.3.1.3
	Program Management
	This WBS element represents the MDAD software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MDAD software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.7.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MDAD software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.7.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MDAD software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MDAD software with maximum efficiency.  

	1.3a.7.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MDAD software algorithms, or modification of historical/heritage MDAD software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.7.3.2
	Mission Data Analysis and Dissemination Custom Software
	This WBS element is a summing element for the custom software for the MDAD. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the MDAD custom software.

	1.3a.7.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Data Analysis and Dissemination)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the MDAD.  

	1.3a.7.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the MDAD.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.7.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the MDAD.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.7.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the MDAD.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.7.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the MDAD.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.7.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the MDAD.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.7.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Data Analysis and Dissemination)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the MDAD.

	
	(See the WBS breakout for the Mission Data Analysis and Dissemination first software configuration item)
	

	1.3a.7.3.2.x+1 = 3
	Mission Data Analysis and Dissemination Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the MDAD.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.7.3.3
	Mission Data Analysis and Dissemination COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MDAD COTS software.

	1.3a.7.3.4
	Mission Data Analysis and Dissemination Other Software Costs
	This WBS element contains all the resources associated with MDAD software items not included in WBS elements 1.3a.7.3.1 through 1.3a.7.3.3 above.

	1.3a.7.4
	Mission Data Analysis and Dissemination Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the MDAD subsystem portion of the Space System Ground Site.  

	1.3a.7.5
	Mission Data Analysis and Dissemination Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the MDAD subsystem portion of the Space System Ground Site.  

	1.3a.7.6
	Mission Data Analysis and Dissemination Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the MDAD subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the MDAD subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.7.7
	Mission Data Analysis and Dissemination Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.7.8
	Mission Data Analysis and Dissemination Other Costs
	This WBS element contains all the resources associated with MDAD subsystem hardware or software items not included in WBS elements 1.3a.7.1 through 1.3a.7.7 above.

	1.3a.7.9
	Mission Data Analysis and Dissemination GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the MDAD subsystem portion of the Space System Ground Site.  

	1.3a.7.10
	Mission Data Analysis and Dissemination OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the MDAD subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the MDAD subsystem portion of the Space System Ground Site.  

	1.3a.8
	Mission Infrastructure
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Mission Infrastructure (MI) subsystem. The MI subsystem includes all COTS and custom hardware and software needed for 1) the interchange or transfer of wideband, narrowband data, command and control, telemetry, and other support data between System Ground subsystems (e.g., between the MDAD and CC subsystems, etc), and 2) the transfer of communications between and among various programs operationally assigned to the ground site. 

This WBS element includes the converters, servers, switches, interface units, cabling, etc. that are needed to 1) convert data received by the receive facility, put it in the proper format, and send it to other subsystems within the System Ground architecture, and 2) interchange or transfer communications within the ground site.  This WBS element also contains any common software or operating systems, which overarch 1) all subsystems (i.e. CC MDAD, etc) and which are unique to the System Ground architecture, and 2) all programs operationally assigned to the ground site. 

This WBS addresses either an in-place MI subsystem or the build of a new subsystem.   This WBS, for an in-place system, addresses the construction, conversion, or expansion of the MI subsystem.  This WBS, for a new system, addresses the design, development, production, procurement, assembly, and test of the MI subsystem.

	1.3a.8.1
	Mission Infrastructure SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the MI subsystem.  Included in the MI SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the MI subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple MI WBS items, or components from multiple MI items, are included in this WBS element. Integration and Test devoted to a single MI WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the MI is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the MI are included in this element.

	1.3a.8.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MI subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MI subsystem.  

The MI subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived MI subsystem requirements and interfaces.  This effort includes establishing MI subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; MI subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MI subsystem.

	1.3a.8.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MI Subsystem.  It includes all resources necessary to integrate and test the MI Subsystem components as a complete subsystem.  It includes MI Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MI Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the MI is included in this WBS element.

	1.3a.8.1.3
	Program Management
	This WBS element represents the MI subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the MI subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.8.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MI subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.8.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MI subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MI subsystem with maximum efficiency.  

	1.3a.8.1.6
	Site Activation
	This WBS represents the operational site activation of the MI subsystem. These functions begin with the completion of the construction or modification of the MI subsystem infrastructure functions to accommodate the MI subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the MI subsystem portion of the Space System Ground Site.    

	1.3a.8.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MI software algorithms, or modification of historical/heritage MI software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.8.2
	Mission Infrastructure Hardware
	This WBS element is a summing element for the MI Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom MI hardware.

	1.3a.8.2.1
	Mission Infrastructure Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the MI Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in MI Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the MI Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting MI Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple MI Hardware WBS items, or components from multiple MI Hardware items, are included in this WBS element.  Integration and Test devoted to a single MI Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the MI level integration and testing provided by the producer/integrator of the MI Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the MI Hardware are included in this element.

	1.3a.8.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the MI Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MI Hardware.  

The MI Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived MI Hardware requirements and interfaces.  This effort includes establishing MI Hardware-level requirements; Subsystem/component, or component/component interfaces; MI Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the MI Hardware.

	1.3a.8.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the MI Subsystem hardware.  It includes all resources necessary to integrate and test the MI Subsystem hardware components.  It includes MI Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level MI Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the MI integration and testing provided by the producer/integrator of the MI hardware is included in this WBS element.

	1.3a.8.2.1.3
	Program Management
	This WBS element represents the MI hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MI hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.8.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MI hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.8.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MI hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MI hardware with maximum efficiency.  

	1.3a.8.2.2
	Mission Infrastructure Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of MI custom hardware. 

	1.3a.8.2.2.1
	Mission Infrastructure Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MI custom hardware.

I&T related to the higher-level MI subsystem should be carried at that level.

	1.3a.8.2.2.x = 2
	Mission Infrastructure Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.8.2.3
	Mission Infrastructure COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MI COTS hardware.  

	1.3a.8.2.3.1
	Mission Infrastructure COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to MI COTS hardware.

Higher-level MI subsystem I&T should be carried at that level.

	1.3a.8.2.3.x = 2
	Mission Infrastructure COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MI COTS hardware.  

	1.3a.8.2.4
	Mission Infrastructure Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to MI COTS hardware.

Higher-level MI subsystem I&T should be carried at that level.

	1.3a.8.3
	Mission Infrastructure Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all MI custom and COTS software.

	1.3a.8.3.1
	Mission Infrastructure Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the MI custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting MI software I&T; and review, analysis and documentation of test results. 

	1.3a.8.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the MI custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall MI custom and COTS software.

	1.3a.8.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the MI custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform MI custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.8.3.1.3
	Program Management
	This WBS element represents the MI software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the MI software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.8.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the MI software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.8.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the MI software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the MI software with maximum efficiency.  

	1.3a.8.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the MI software algorithms, or modification of historical/heritage MI software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.8.3.2
	Mission Infrastructure Custom Software
	This WBS element is a summing element for the custom software for the MI. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the MI custom software.

	1.3a.8.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for the Mission Infrastructure)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the MI.  

	1.3a.8.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the MI.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.8.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the MI.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.8.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the MI.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.8.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the MI.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.8.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the MI.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.8.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for the Mission Infrastructure)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the MI.

	
	(See the WBS breakout for the Mission Infrastructure first software configuration item)
	

	1.3a.8.3.2.x+1 = 3
	Mission Infrastructure Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the MI.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.8.3.3
	Mission Infrastructure COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the MI COTS software.

	1.3a.8.3.4
	Mission Infrastructure Other Software Costs
	This WBS element contains all the resources associated with MI software items not included in WBS elements 1.3a.8.3.1 through 1.3a.8.3.3 above.

	1.3a.8.4
	Mission Infrastructure Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the MI subsystem portion of the Space System Ground Site.  

	1.3a.8.5
	Mission Infrastructure Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the MI subsystem portion of the Space System Ground Site.  

	1.3a.8.6
	Mission Infrastructure Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the MI subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the MI subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.8.7
	Mission Infrastructure Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.8.8
	Mission Infrastructure Other Costs
	This WBS element contains all the resources associated with MI subsystem hardware or software items not included in WBS elements 1.3a.8.1 through 1.3a.8.7 above.

	1.3a.8.9
	Mission Infrastructure GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the MI subsystem portion of the Space System Ground Site.  

	1.3a.8.10
	Mission Infrastructure OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the MI subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the MI subsystem portion of the Space System Ground Site.  

	1.3a.9
	Collection Management
	This WBS summing element contains all the resources associated with the design, development, production, procurement, assembly, test, and operational site activation of the Collection Management (CM) subsystem. The CM subsystem receives and analyzes NRO experimental satellite mission results, external customer and NRO internal tasking requests, and generates tasking for NRO controlled experimental satellites and ground facilities.  This WBS element includes network, computer processing and display hardware such as routers, switches, servers, workstations, storage devices, etc. plus software for processing mission results, tasking requests, generation of NRO experimental tasks, etc.

	1.3a.9.1
	Collection Management SEIT/PM
	This WBS element represents overall management, technical direction, integration, test and operational site activation of the CM subsystem.  Included in the CM SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the CM subsystem is developed, tested, delivered, and installed.  

Integration and Test involving multiple CM WBS items, or components from multiple CM items, are included in this WBS element. Integration and Test devoted to a single CM WBS item, or components thereof, is excluded here and included in the appropriate lower-level level Integration and Test WBS element(s). 

Support for the Ground level integration and testing provided by the producer/integrator of the CM is included in this WBS element.

In addition, Data, Training, Site Activation, and Algorithms developed specifically for and in support of the CM are included in this element.

	1.3a.9.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the CM subsystem.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CM subsystem.  

The CM subsystem SE function is responsible for the analysis, derivation, allocation, and traceability of derived CM subsystem requirements and interfaces.  This effort includes establishing CM subsystem-level requirements; subsystem/subsystem or Subsystem/component interfaces; CM subsystem analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the CM subsystem.

	1.3a.9.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the CM Subsystem.  It includes all resources necessary to integrate and test the CM Subsystem components as a complete subsystem.  It includes CM Subsystem I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level CM Subsystem hardware or software groupings or components thereof should be carried at those levels.

Support for the Ground level integration and testing provided by the producer/integrator of the CM is included in this WBS element.

	1.3a.9.1.3
	Program Management
	This WBS element represents the CM subsystem PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, test, integration, and  Site Activationof the CM subsystem. It includes administration, project controls, product effectiveness, configuration management, subcontract management and security management.

	1.3a.9.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CM subsystem.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.9.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CM subsystem.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CM subsystem with maximum efficiency.  

	1.3a.9.1.6
	Site Activation
	This WBS represents the operational site activation of the CM subsystem. These functions begin with the completion of the construction or modification of the CM subsystem infrastructure functions to accommodate the CM subsystem portion of the Space System Ground Site.   These functions include the construction, conversion, utility, and equipment tie-in and installation needed to house, service and operate the CM subsystem portion of the Space System Ground Site.    

	1.3a.9.1.7
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the CM software algorithms, or modification of historical/heritage CM software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.9.2
	Collection Management Hardware
	This WBS element is a summing element for the CM Hardware.  It contains all the resources associated with the design, development, production, procurement, assembly, integration, and test of all COTS and custom CM hardware.

	1.3a.9.2.1
	Collection Management Hardware SEIT/PM
	This WBS summing element represents overall management, technical direction and integration of the CM Hardware to include Custom and Commercial-Off-The-Shelf (COTS) hardware, and other hardware costs.  Included in CM Hardware SEIT/PM are all engineering, integration and test, management activities, data, and training resources required to ensure the CM Hardware is developed, tested, and delivered.  It includes efforts such as requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting CM Custom and COTS Hardware Integration and Test; and review, analysis and documentation of test results.  

Integration and Test involving multiple CM Hardware WBS items, or components from multiple CM Hardware items, are included in this WBS element.  Integration and Test devoted to a single CM Hardware WBS item, or components thereof, is excluded here and included in the appropriate element level Integration and Test WBS (1.X.2.2.N.1).

Support for the CM level integration and testing provided by the producer/integrator of the CM Hardware is included in this WBS element.

In addition, Data and Training developed specifically for and in support of the CM Hardware are included in this element.

	1.3a.9.2.1.1
	System Engineering
	This WBS element contains the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the CM Hardware.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CM Hardware.  

The CM Hardware SE function is responsible for the analysis, derivation, allocation, and traceability of derived CM Hardware requirements and interfaces.  This effort includes establishing CM Hardware-level requirements; Subsystem/component, or component/component interfaces; CM Hardware analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the CM Hardware.

	1.3a.9.2.1.2
	Integration and Test
	This WBS element contains all of the I&T resources specifically related to and limited to the CM Subsystem hardware.  It includes all resources necessary to integrate and test the CM Subsystem hardware components.  It includes CM Subsystem hardware I&T management -- requirements definition, planning and scheduling; development of test plans and procedures; test preparations, conduct and teardown; and review, analysis and documentation of test results.

I&T related to the Ground, to other Ground subsystems, or to lower-level CM Subsystem hardware groupings or components thereof should be carried at those levels.

Support for the CM integration and testing provided by the producer/integrator of the CM hardware is included in this WBS element.

	1.3a.9.2.1.3
	Program Management
	This WBS element represents the CM hardware PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the CM hardware.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.9.2.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CM hardware.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.9.2.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CM hardware.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CM hardware with maximum efficiency.  

	1.3a.9.2.2
	Collection Management Custom Hardware
	This WBS element contains all the resources associated with the design, development, production, assembly, integration, and test of CM custom hardware. 

	1.3a.9.2.2.1
	Collection Management Custom Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to CM custom hardware.

I&T related to the higher-level CM subsystem should be carried at that level.

	1.3a.9.2.2.x = 2
	Collection Management Custom Hardware Items (x = 2 is the first custom hardware item.  Add items and x+1 numbering as required.)
	This WBS element contains all the resources associated with the design, development, fabrication, assembly, quality control, and test to include verification testing of the other custom hardware items (specifically identify the item(s)).

	1.3a.9.2.3
	Collection Management COTS Hardware
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CM COTS hardware.  

	1.3a.9.2.3.1
	Collection Management COTS Hardware Integration and Test
	This WBS element contains all I&T resources specifically related to and limited to CM COTS hardware.

Higher-level CM subsystem I&T should be carried at that level.

	1.3a.9.2.3.x = 2
	Collection Management COTS Hardware Items (x = 2 is the first COTS hardware item.  Add items and x+1 numbering as required.)
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CM COTS hardware.  

	1.3a.9.2.4
	Collection Management Other Hardware Costs
	This WBS element contains all I&T resources specifically related to and limited to CM COTS hardware.

Higher-level CM subsystem I&T should be carried at that level.

	1.3a.9.3
	Collection Management Software
	This WBS summing element contains all the resources associated with the design, development, coding, production, procurement, assembly, integration, verification and test of all CM custom and COTS software.

	1.3a.9.3.1
	Collection Management Software SEIT/PM
	This WBS element contains all the resources necessary to engineer, manage, integrate and test the CM custom and COTS software into a functional element.  It includes requirements definition, planning and scheduling; development of test plans and procedures; verification preparation and conduct, test preparations and conduct; development of software for supporting CM software I&T; and review, analysis and documentation of test results. 

	1.3a.9.3.1.1
	System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation) in support of the CM custom and COTS software. This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall CM custom and COTS software.

	1.3a.9.3.1.2
	Integration and Test
	This WBS element contains all the resources associated with integration and test verification and validation of the CM custom and COTS software.  Representative activities include:  generate input to software test plans, descriptions, and procedures; define software test cases; perform CM custom and COTS software integration analysis; perform software build and test; and update SDFs. 

	1.3a.9.3.1.3
	Program Management
	This WBS element represents the CM software PM, which includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, and integration of the CM software.  It includes overall administration, project controls, product effectiveness, configuration management, warranty administration, subcontract management, vendor liaison, logistics management, and security management.

	1.3a.9.3.1.4
	Data
	This WBS represents all resources associated with the acquiring, writing, assembling, reproducing, packaging and shipping of data listed on the CDRL, which is specifically for and in support of the CM software.  Such data could include Technical Publications, Engineering, Management, and Support data, along with any required Data Depository.

	1.3a.9.3.1.5
	Training
	This WBS represents all resources associated with the design, development, procurement and/or production of deliverable training equipment as well as the execution of training services and the construction of training facilities in support of the CM software.  This WBS includes the deliverable training services, devices, accessories, aids, equipment, facilities, and parts used to facilitate instruction through which personnel will learn to operate and maintain the CM software with maximum efficiency.  

	1.3a.9.3.1.6
	Algorithm Development
	This WBS element includes all resources necessary to perform the scientific/engineering/mathematical development of the CM software algorithms, or modification of historical/heritage CM software algorithms.  This effort may include some rudimentary coding of the developed algorithms however final coding of the algorithm will be performed in the Coding and Design Entity Testing WBS for the affected software configuration item.

	1.3a.9.3.2
	Collection Management Custom Software
	This WBS element is a summing element for the custom software for the CM. It contains all the resources associated with the design, development, coding, production, integration, verification and test of the CM custom software.

	1.3a.9.3.2.x = 1
	Configuration Item one (x = 1 which is the first custom software configuration item for Collection Management)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the first custom software configuration item (x = 1) for the CM.  

	1.3a.9.3.2.1.1
	Requirements Analysis
	This WBS element contains all the resources associated with the software configuration item (x = 1) requirements analysis for the CM.  This is the process by which a complete set of engineering and interface requirements are defined for each configuration item.  Representative activities include:  analysis of preliminary software requirements, identification and allocation of software requirements into configuration items, analysis of preliminary interface requirements, and identification and resolution of interface requirements.

	1.3a.9.3.2.1.2
	Design
	This WBS element contains all the resources associated with the software configuration item (x = 1) design for the CM.  This is the process of decomposing a high-level abstract requirement into lower level software elements, Preliminary design and detailed design activities are accomplished to map out high-level as well as low-level strategies for allocating requirements for each configuration item to design entities, e.g. objects, classes, modules, CSC(s), etc.  Representative activities include:  creating and maintaining SDFs, analysis of preliminary software design(s), derive and map out high (top) level software design specifications, devise and map out low level (detail) software design specifications, analysis of preliminary interface design specifications, define and describe interface design specifications, generate input to software test planning, and formalize test requirements for design entities.

	1.3a.9.3.2.1.3
	Coding and Design Entity Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) coding and design entity testing for the CM.  This is the process of creating a representation of the software design into a program language that may then be converted mechanically (i.e. by compilation) to an acceptable machine-executable representation.  Each design entity is coded and subsequently tested to ensure that it satisfies its specific requirement.  Representative activities include:  maintaining SDFs, coding and compiling activities, conducting testing and analysis, code walk-through activities, performing compliance checks to coding conventions, and developing lower level design entities test and integration procedures.

	1.3a.9.3.2.1.4
	Design Entity Integration and Test
	This WBS element contains all the resources associated with the software configuration item (x = 1) design entity integration and testing for the CM.  This is the process of integrating and/or building design entities into a configuration item and the testing of lower level threads to verify algorithms and data, employed in interfacing each design entity, are correctly specified and implemented.  Representative activities include:  perform design entity integration analysis, perform design entity build and lower level thread testing, record test results, and perform dry run of formal qualification tests.

	1.3a.9.3.2.1.5
	Configuration Item Testing
	This WBS element contains all the resources associated with the software configuration item (x = 1) testing for the CM.  This is the process of demonstrating the configuration item can perform correctly under the full range of operating conditions and that it satisfies its requirements.  Representative activities include:  conduct formal qualification tests, conduct test analysis and record test results, and generate input to the STRs.

	1.3a.9.3.2.x = 2
	Configuration Item two (x = 2 which is the second custom software configuration item for Collection Management)
	This WBS summing element contains all the resources associated with the design, development, coding, production, integration, verification and test of the second custom software configuration item (x = 2) for the CM.

	
	(See the WBS breakout for the Collection Management first software configuration item)
	

	1.3a.9.3.2.x+1 = 3
	Collection Management Glue Code
	This WBS element contains all the resources associated with the design, development, coding, production, integration, verification and test of the glue code  (x+1=3) for the CM.  Such code is used to ensure proper interface and operation of the COTS and custom software.

	1.3a.9.3.3
	Collection Management COTS Software 
	This WBS summing element contains all the resources associated with the procurement, integration, verification and test of the CM COTS software.

	1.3a.9.3.4
	Collection Management Other Software Costs
	This WBS element contains all the resources associated with CM software items not included in WBS elements 1.3a.9.3.1 through 1.3a.9.3.3 above.

	1.3a.9.4
	Collection Management Ground Facilities/Building
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the CM subsystem portion of the Space System Ground Site.  

	1.3a.9.5
	Collection Management Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the CM subsystem portion of the Space System Ground Site.  

	1.3a.9.6
	Collection Management Initial Support
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the CM subsystem portion of the Space System Ground Site.   This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the CM subsystem portion of the Space System Ground Site.   Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).  

	1.3a.9.7
	Collection Management Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Terminal Subsystem Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.3a.9.8
	Collection Management Other Costs
	This WBS element contains all the resources associated with CM subsystem hardware or software items not included in WBS elements 1.3a.9.1 through 1.3a.9.7 above.

	1.3a.9.9
	Collection Management GFE/D/P
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property for the CM subsystem portion of the Space System Ground Site.  

	1.3a.9.10
	Collection Management OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the CM subsystem portion of the Space System Ground Site. 

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the CM subsystem portion of the Space System Ground Site.  

	1.3a.10
	Ground Facilities/Building 
	This WBS element contains all the resources specifically related to and limited to the preparation of real estate, facilities and buildings peculiar to the Ground portion of the Space System.

	1.3a.11
	Factory/Contractor Support Facility
	This WBS element contains all the resources specifically related to and limited to the preparation of contractor real estate, support facilities, equipment, software, infrastructure, and buildings peculiar to the Ground portion of the Space System.

	1.3a.12
	Ground Initial Support 
	This WBS element contains all the resources specifically related to and limited to the Initial Support provided for the Ground portion of the Space System.  This support includes spare components, assemblies, subassemblies, repairable spares, repair parts, and contractor services required for initial support and maintenance of the Ground portion of the Space System.  Such support may continue through launch and on-orbit checkout to a point where the Ground life cycle function ceases to be acquisition and becomes one of operations and maintenance (nominally 90 days after launch or the end of on-orbit checkout).

	1.3a.13
	Ground Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test, to include verification testing of Ground Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the Ground.

	1.3a.14
	Ground Other Costs
	This WBS element contains all the resources associated with Ground hardware or software items not included in WBS elements 1.3a.2 through 1.3a.13 above.

	1.3a.15
	Ground GFE/D/P 
	This WBS element contains all the resources specifically related to and limited to government furnished equipment/data/property. 

	1.3a.16
	Ground OGC
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the Ground portion of the Space System.

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SE/Technical Assistance (SETA), other contractor support, and other costs incurred in direct support of the Ground portion of the Space System.

	1.3b
	Ground (b = 2nd Ground Site in a multiple Ground Site configuration; c = 3rd Ground Site, etc.)
	This is the WBS summing element for the second complete Ground site/station, in a multiple Ground site/station configuration, in support of the Space System.  

	
	See the WBS breakout for the 1st Ground Site.
	

	1.4a
	Operations and Maintenance (O&M) (a = the first ground site in a multiple ground site configuration)

The subordinate elements for operations and maintenance are still under development.  The summing element is shown here as a placeholder.
	This WBS summing element represents the O&M site support, for the first ground site in a multiple ground site configuration, which is specifically identified with the Space System.   This WBS element includes all resources required to operate the spacecraft, execute mission-tasking plans, perform mission data processing, analyze mission data and disseminate it to external users and the Dissemination Segment.  It also includes on-site and off-site maintenance of all ground hardware and software. Operation and Maintenance efforts start with development of O&M operational procedures, training aids and courses and continue through system shut down and retirement.  

In addition to the above, this WBS element includes the actual operation, maintenance, and support of the infrastructure whereas the construction or modification of the Ground Site Infrastructure functions to accommodate the Ground Segment is contained in WBS 1.3a.10.  Ground Segment Infrastructure functions include items such as buildings, facility operations (lights, HVAC, facility computers, etc.), typical base/facility/site operations (roads, grounds, etc).

O&M site support not specifically identified with any Space System should be mapped in WBS 4.a (Operations and Maintenance Site-level Costs). 

	1.5a
	Launch (a = the first launch site in a multiple site launch configuration)
	This WBS contains all of the material and effort associated with launch, to include the design; development; production; integration; assembly; mating; test; and independent verification and validation (IV&V) of launch vehicles; procurement of commercial launch services; and the operation and maintenance of launch facilities and equipment.

	1.5a.1
	Launch Vehicle 
	This WBS contains all of the material and effort associated with the launch vehicle.  

This WBS includes the launch vehicle contractors’ efforts to receive, store, and transport the launch vehicle and associated ground equipment; to stack and assemble the launch vehicle; to mate the satellite and the launch vehicle; to perform integrated system test and checkout; and to track and measure launch vehicle performance during the ascent phase.   

This WBS also includes the procurement of commercial-like launch services, launch vehicle integration, and IV&V.

	1.5a.2
	Launch Operations and Support
	This WBS item contains Common Launch Base Activities associated with NRO satellites and Common Engineering and Services support to NRO launch facilities and assets.

	1.5a.2.1
	Common Launch Base Activity
	This WBS contains all of the material and effort associated with launch support to NRO satellites, other than that provided by the launch vehicle or launch service contractors.

This WBS includes receiving and processing NRO satellites at the launch bases; operating NRO launch base facilities; operating and maintaining satellite ground support equipment, satellite fuel loading pads, satellite support stands, and pneumatic control servicing systems; satellite propellants; covers/containers to conceal NRO satellites; launch base services; range support to include support during transportation of Payload, use of forklifts, trailers, and other mechanical hardware, plus the processing of range requirements and range documentation; Eastern and Western Range instrumentation support; Communication equipment used during launch processing activities, launch rehearsals, and actual launch events; and launch ascent telemetry processing operations.

	1.5a.2.2
	Common Engineering and Services
	This WBS contains all of the material and efforts associated with support to NRO launch facilities and assets. 

This WBS includes system engineering and analysis by booster contractors for generic integration of launch vehicle requirement into NRO launch processes and facilities; technical and mission rehearsal support of the launch team; repair and engineering services for NRO launch base facilities; and other government support costs.

	1.6
	Space System Support Equipment
	This WBS element contains all the resources specifically related to and limited to the design, development, fabrication, assembly, quality control, and test to include verification testing of Space System Support Equipment.

Included are those deliverable items and associated software required for system support and maintenance.  This may include vehicles, equipment, tools, and delivered factory test or tooling equipment, plus any additional equipment or software required to maintain or modify the software portions of the system.

	1.7
	Space System Government Furnished Equipment / Data / Property
	This WBS element contains all the resources specifically related to and limited to Space System Government Furnished Equipment / Data / Property. 

	1.8
	Space System Other Government Costs
	This WBS element contains all the resources associated with other government costs specifically related to and limited to the Space System.

It includes costs for organizational oversight including salaries and benefits, travel, equipment and supplies, laboratory support, FFRDC support, SETA, other contractor support, and other costs incurred in direct support of the Space System.

	2
	System Of Systems Level SEIT/PM 
	This WBS summing element represents overall management, technical direction and integration of the System of Systems (SOS).  Included in the SOS SEIT/PM are all engineering, integration and test, and management activities and resources required to ensure the SOS is developed, tested, delivered, operated and supported.  

SEIT/PM involving multiple space systems or components from multiple space systems are included in this WBS element. SEIT/PM devoted to a single space system is excluded here and included in the appropriate system level SEIT/PM WBS (1.1).

	2.1
	System Of Systems Level System Engineering
	This WBS element contains all the resources associated with all engineering from functional specialists (excluding checkout/test and evaluation), which provide technical planning, technical management, analysis, and support efforts for the development of the Systems of Systems.  This engineering support includes:  Systems Engineering, Quality Assurance, Reliability and Maintainability, and Human Engineering, that is associated with the overall Systems of Systems.

The Systems of Systems level SE function is responsible for the analysis, derivation, allocation, and traceability of architecture requirements and interfaces.  This effort includes establishing architecture-level requirements; system/system interfaces; architecture analyses, models and simulations; quality; configuration control; while also assessing performance of, and technically managing the design, development, production, and integration of the Space System/Architecture.

	2.2
	System Of Systems Level Integration and Test
	This WBS element represents System of Systems/Architecture I&T and includes all resources necessary to integrate multiple Space Systems into a functional Architecture.  It includes I&T management – requirements definition, planning and scheduling; development of test plans and procedures; test preparations, and conduct; development of software for supporting System of Systems/Architecture I&T; and review, analysis and documentation of System of Systems/Architecture test results.

Tests involving multiple Space Systems, Space Systems WBS items, subsystems, or components from multiple Space Systems items or subsystems, are included in this WBS element. I&T devoted to a single Space System WBS item, subsystem, or components thereof, is excluded here and included in the appropriate element level WBS (1.X.1).

	2.3
	System Of Systems Level Program Management
	System Of Systems PM includes management, direction and control of all effort contributing to the development, production, custom and COTS procurement, integration, operation and maintenance of the System Of Systems/Architecture.   It includes administration, project controls, product effectiveness, data and configuration management, subcontract management and security management.

	3
	System Of Systems Level External Communication
	This WBS element contains all the resources associated with the design, development, production, procurement, assembly, test, and operations and maintenance of External Communication.  The External Communication refers to the complex of hardware (equipment, lines or circuits), software, SEIT/PM required to develop, procure, and operate and maintain a system that moves data along external communication paths between required points. This element can include both leased and owned transmissions methods transmitted through analog, digital, electronic, optical, or other methods and can be via terrestrial, undersea, space, relay, or other communication methods.

	4a
	Operations and Maintenance Site-level Costs (a = the first ground site in a multiple ground site configuration)

The subordinate elements for site-level operations and maintenance are still under development.  The summing element is shown here as a placeholder.
	This WBS summing element represents the O&M site support, for the first ground site in a multiple ground site configuration, which is not specifically identified with any Space System, but rather with more than one system.  

This WBS Includes all system and sustaining engineering, management, and test resources; facilities; training; communications within the site, and other infrastructure required to ensure the O&M of the assigned Space Systems. 

O&M specifically identified with one Space System should be mapped to WBS 1.4a (Operations and Maintenance).















































































































































































































































































































































Communication #1 Structures and Mechanisms Other Costs
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Pyrotechnics
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Structures with Thermal Control
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Program Management
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System Engineering
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Communication #1 Structures and Mechanisms SEIT/PM


1.2a.3.2.2.2.1





Communication # 1 Structures and Mechanisms 


1.2a.3.2.2.2





Add Antennas as required





See Bus Flight Software for the detail breakout.  WBS 1.2a.2.8





Communication #1 Support Equipment


1.2a.3.2.2.13





Communication #1 Flight Software


1.2a.3.2.2.12





Miscellaneous Communication #1 Equipment


1.2a.3.2.2.14





Laser Photonics


1.2a.3.2.2.6





Training


1.2a.3.2.2.1.5





Data


1.2a.3.2.2.1.4





Program Management


1.2a.3.2.2.1.3





Integration & Test


1.2a.3.2.2.1.2





System Engineering


1.2a.3.2.2.1.1





Data Storage


1.2a.3.2.2.10





Thermal Control


1.2a.3.2.2.3





Digital Electronics


1.2a.3.2.2.9





RF Electronics


1.2a.3.2.2.8





Communication #1 Antennas


1.2a.3.2.2.11





Power Supplies


1.2a.3.2.2.7





Sensor Package


1.2a.3.2.2.5





Optics


1.2a.3.2.2.4





Structures & Mechanisms


1.2a.3.2.2.2





Communication #1 SEIT/PM


1.2a.3.2.2.1





Communication #1


1.2a.3.2.n=2





Common Engineering and Services


1.5a.2.2





Common Launch Base Activity


1.5a.2.1





Launch perations & Support


1.5a.2





Launch Vehicle 


1.5a.1





Launch


1.5a  (a = 1st launch site)





Coatings


1.2a.3.2.2.3.3.3





Insulation


1.2a.3.2.2.3.3.5





Passive Devices


1.2a.3.2.2.3.3





Louvers


1.2a.3.2.2.3.3.7





Heat Pipes


1.2a.3.2.2.3.3.4





Program Management


1.2a.3.2.2.3.1.3





Integration and Test


1.2a.3.2.2.3.1.2





System Engineering


1.2a.3.2.2.3.1.1





Communication #1 Thermal Control SEIT/PM


1.2a.3.2.2.3.1





Communication #1 Thermal Control 


1.2a.3.2.2.3





Integration & Test


1.2a.3.2.2.2.5.1





Ordnance Separation Units


1.2a.3.2.2.2.5.3





Initiator Squibs


1.2a.3.2.2.2.5.2





Integration & Test


1.2a.3.2.2.2.2.1





Integration & Test


1.2a.3.2.2.2.2.2.1





Integration & Test


1.2a.3.2.2.2.2.3.1





Ballast Weight


1.2a.3.2.2.2.2.3.3





Equipment Mounting


1.2a.3.2.2.2.2.3.2





Adapters


1.2a.3.2.2.2.2.2.5





Secondary Structures


1.2a.3.2.2.2.2.3





Booms


1.2a.3.2.2.2.2.2.4





Equipment Compartments 


1.2a.3.2.2.2.2.2.3





Load Carrying Shell/Truss


1.2a.3.2.2.2.2.2.2





Primary Structures


1.2a.3.2.2.2.2.2





Structures


1.2a.3.2.2.2.2





Integration & Test 


1.2a.3.2.2.2.3.1





Deployment &


Stowage Equipment


1.2a.3.2.2.2.3.3





Positioning


1.2a.3.2.2.2.3.2





Mechanisms 


1.2a.3.2.2.2.3





Communication #1 Structures and Mechanisms Support Equipment


1.2a.3.2.2.2.6





Applicable to the Ground Terminal only





Site Activation


1.3a.2.1.6





Ground Terminal OGC


1.3a.2.10





Ground Terminal GFE/D/P


1.3a.2.9





Other Ground Terminal Costs 


1.3a.2.8





Ground Terminal Support Equipment


1.3a.2.7





Ground Terminal Initial Support


1.3a.2.6





Ground Terminal Factory/Contractor Support Facility


1.3a.2.5





Ground Terminal Ground Facilities/Building


1.3a.2.4





Algorithm Development


1.3a.2.1.7





Algorithm Development


1.3a.2.3.1.6





Add Configuration Items as required





All Ground Subsystems will have a similar WBS Structure.





Training


1.3a.2.2.1.5





Data


1.3a.2.2.1.4





Program Management


1.3a.2.2.1.3





Integration and Test


1.3a.2.2.1.2





System Engineering


1.3a.2.2.1.1





SEIT/PM


1.3a.2.2.1





SEIT/PM


1.3a.2.3.1





COTS Hardware Items


1.3a.2.2.3.x=2





Integration & Test


1.3a.2.2.3.1





Other Ground Terminal Hardware Costs


1.3a.2.2.4





COTS Hardware


1.3a.2.2.3





Glue Code


1.3a.2.3.2.x+1=3





See the WBS breakout for the First Configuration Item 1.2a.2.8.2.2.x=1





Configuration Item (1…x)


1.3a.2.3.2.x = 2





Configuration Item Testing


1.3a.2.3.2.1.5





Design Entity (CSC) I&T


1.3a.2.3.2.1.4





Coding & Design Entity (CSC) Testing


1.3a.2.3.2.1.3





Design


1.3a.2.3.2.1.2





Requirement Analysis


1.3a.2.3.2.1.1





Configuration Item (1…x)


1.3a.2.3.2.x = 1





Training


1.3a.2.3.1.5





Data


1.3a.2.3.1.4





Program Management


1.3a.2.3.1.3





Integration and Test


1.3a.2.3.1.2





System Engineering


1.3a.2.3.1.1





Other Ground Terminal Software Costs


1.3a.2.3.4





COTS Software


1.3a.2.3.3





Custom Software


1.3a.2.3.2





Ground Terminal Software 


1.3a.2.3





Integration and Test


1.3a.2.2.2.1





Other Custom Hardware Items


1.a3.2.2.2.x = 5





RF Subgroup


1.3a.2.2.2.4





Telemetry 


& Ranging


1.3a.2.2.2.3





Front End 


Electronics


1.3a.2.2.2.2





Custom Hardware


1.3a.2.2.2





Ground Terminal Hardware 


1.3a.2.2





Training


1.3a.2.1.5





Data


1.3a.2.1.4





Program Management


1.3a.2.1.3





Integration and Test


1.3a.2.1.2





System Engineering


1.3a.2.1.1





Ground Terminal SEIT/PM


1.3a.2.1





Ground Terminal


1.3a.2





Algorithm Development


1.3a.1.7





Site Activation


1.3a.1.6





Factory/Contractor Support Facility 


1.3a.11





Ground Support Equipment


1.3a.13





Ground OGC


1.3a.16





Ground GFE/D/P 


1.3a.15





Ground Other Costs


1.3a.14





Ground Facilities/Building 


1.3a.10





Ground Initial


Support 


1.3a.12





Collection Management


1.3a.9





Data Archive/Storage 


1.3a.5





Data Analysis & Dissemination


1.3a.7





Data Processing 


1.3a.6





Mission Infrastructure  


1.3a.8





Data


1.3a.1.4





Training


1.3a.1.5





Program Management


1.3a.1.3





System Engineering


1.3a.1.1





Integration and Test


1.3a.1.2





Ground SEIT/PM


1.3a.1





Command and Control 


1.3a.3





Mission Management 


1.3a.4





Ground Terminal 


1.3a.2





Ground 


1.3a





Cryogenic Devices


1.2a.3.2.2.3.2.2





Electric Heaters Thermisters & Thermostats


1.2a.3.2.2.3.2.5





Electric Cooling (Thermoelectric)


1.2a.3.2.2.3.2.4





Active Devices


1.2a.3.2.2.3.2





See the following page for the detail breakout.





Communication #1 Thermal Control Flight Software


1.2a.3.2.2.3.4





Communication #1 Thermal Control Other Costs


1.2a.3.2.2.3.6





Radiator Panels/Fins


1.2a.3.2.2.3.3.2





Conductive Structures


1.2a.3.2.2.3.3.6





Embedded Thermal


(See Structures – 1.2a.3.2.2.2.4)





Sun Shields


1.2a.3.2.2.3.3.8





Requirement Analysis


1.2a.3.2.2.3.4.2.1.1





Configuration Item One (1…x)


1.2a.3.2.2.3.4.2.x=1





Custom Software


1.2a.3.2.2.3.4.2





SEIT/PM


1.2a.3.2.2.3.4.1





COTS


1.2a.3.2.2.3.4.3





Communication #1 Thermal Control Flight Software


1.2a.3.2.2.3.4





This WBS structure will be used where software can be broken out to individual Communication or Payload suites.





Second Surface Mirrors


1.2a.3.2.2.3.3.9





Communication #1 Thermal Control Support Equipment


1.2a.3.2.2.3.5





Integration & Test


1.2a.3.2.2.3.3.1





Integration & Test


1.2a.3.2.2.3.2.1





Shutters


1.2a.3.2.2.3.2.6





Liquid Loops


1.2a.3.2.2.3.2.3





Data


1.2a.3.2.2.4.1.4





Mechanisms


1.2a.3.2.2.4.2.5





Support Structure


1.2a.3.2.2.4.2.2





Thermal Doors


1.2a.3.2.2.4.2.4





Barrels


1.2a.3.2.2.4.2.3





Thermal Control


1.2a.3.2.2.4.3





Structure


1.2a.3.2.2.4.2





Aft Optics


1.2a.3.2.2.4.5





Fore Optics


1.2a.3.2.2.4.4





Communication #1 Optics Other Costs


1.2a.3.2.2.4.9





See Communication #1 Thermal Control Flight Software for the detail breakout.  (WBS 1.2a.3.2.2.3.4)





Communication #1 Optics Flight Software


1.2a.3.2.2.4.7





Primary Mirror


1.2a.3.2.2.4.4.2





Alignment Sensors / Calibration


1.2a.3.2.2.4.6





Tertiary Optics


1.2a.3.2.2.4.4.4





Secondary Mirror(s)


1.2a.3.2.2.4.4.3





Program Management


1.2a.3.2.2.4.1.3





Integration and Test


1.2a.3.2.2.4.1.2





System Engineering


1.2a.3.2.2.4.1.1





Communication #1 Optics SEIT/PM


1.2a.3.2.2.4.1





Communication #1 Optics 


1.2a.3.2.2.4





Add Configuration Items


as Required





See the WBS breakout for the


First Configuration Item


1.2a.3.2.2.3.4.2.x=1





Algorithm Development


1.2a.3.2.2.3.4.1.4





Glue Code


1.2a.3.2.2.3.4.2.x+1=3





Configuration Item Two  (1…x)


1.2a.3.2.2.3.4.2.x=2





Other Software Costs


1.2a.3.2.2.3.4.4





Program Management


1.2a.3.2.2.3.4.1.3





Integration and Test


1.2a.3.2.2.3.4.1.2





System Engineering


1.2a.3.2.2.3.4.1.1





Configuration Item Testing


1.2a.3.2.2.3.4.2.1.5





Design Entity  (CSC) I&T


1.2a.3.2.2.3.4.2.1.4





Coding & Design Entity  (CSC) Testing


1.2a.3.2.2.3.4.2.1.3





Design


1.2a.3.2.2.3.4.2.1.2





Optics


1.2a.3.2.2.5.5





Thermal


1.2a.3.2.2.5.3





Enclosure


1.2a.3.2.2.5.2





Calibration


1.2a.3.2.2.5.8





Communication #1 Sensor Flight Software


1.2a.3.2.2.5.7





Electronics


1.2a.3.2.2.5.6





Focal Plane


1.2a.3.2.2.5.4





Communication #1 Sensor Other Costs


1.2a.3.2.2.5.10





Program Management


1.2a.3.2.2.5.1.3





Integration and Test


1.2a.3.2.2.5.1.2





System Engineering


1.2a.3.2.2.5.1.1





Communication #1 Sensor SEIT/PM


1.2a.3.2.2.5.1





Communication #1 Sensor 


1.2a.3.2.2.5





Integration & Test


1.2a.3.2.2.4.4.1





Integration & Test


1.2a.3.2.2.4.2.1





Communication #1 Optics Support Equipment


1.2a.3.2.2.4.8





Training


1.2a.3.2.2.4.1.5





Coaxial Switch


1.2a.3.2.2.8.2.7





Demultiplexers


1.2a.3.2.2.8.2.6





Multiplexers


1.2a.3.2.2.8.2.5





Multicouplers


1.2a.3.2.2.8.2.2





RF Plumbing


1.2a.3.2.2.8.2





Communication #1 RF / Analog Electronics


1.2a.3.2.2.8





Tape Recorders


1.2a.3.2.2.8.17





Interface Units


1.2a.3.2.2.8.16





COMSEC


1.2a.3.2.2.8.15





Data Switches


1.2a.3.2.2.8.14





Signal Conditioners


1.2a.3.2.2.8.13





Frequency Generators


1.2a.3.2.2.8.12





Timing Units


1.2a.3.2.2.8.11





Upconverters


1.2a.3.2.2.8.10





Downconverters


1.2a.3.2.2.8.9





Power Amplifiers


1.2a.3.2.2.8.8





Demodulators


1.2a.3.2.2.8.7





Modulators


1.2a.3.2.2.8.6





Transponders


1.2a.3.2.2.8.5





Transmitters


1.2a.3.2.2.8.4





Receivers


1.2a.3.2.2.8.3





See Communication #1 Thermal Control Flight Software for the detail breakout.  (WBS 1.2a.3.2.2.3.4)





Training


1.2a.3.2.2.5.1.5





Data


1.2a.3.2.2.5.1.4





Communication #1 Sensor Support Equipment


1.2a.3.2.2.5.9





Integration & Test


1.2a.3.2.2.9.1





Miscellaneous Digital Electronic Equipment


1.2a.3.2.2.9.11





Communication #1 Digital Electronics


1.2a.3.2.2.9





Analog / Digital Converters


1.2a.3.2.2.9.5





Decoders


1.2a.3.2.2.9.4





Solid State 


Memory


1.2a.3.2.2.9.3





Processors


1.2a.3.2.2.9.2





Disk Recorders


1.2a.3.2.2.8.18





Harnesses and Cables 


1.2a.3.2.2.8.2.11





Solid State Power Amplifiers


1.2a.3.2.2.8.8.2





TWTA


1.2a.3.2.2.8.8.1





Integration & Test


1.2a.3.2.2.8.1





Triplexers


1.2a.3.2.2.8.2.4





Diplexers


1.2a.3.2.2.8.2.3





GPS


See TT&C 


1.2a.2.7.3.8





Miscellaneous RF / Analog Electronic Equipment


1.2a.3.2.2.8.19





Integration & Test


1.2a.3.2.2.8.2.1





Waveguide


1.2a.3.2.2.8.2.10





Filters


1.2a.3.2.2.8.2.9





RF Switch


1.2a.3.2.2.8.2.8



































Arrays


1.2a.3.2.2.11a.4





Program Management


1.2a.3.2.2.11a.1.3





Integration and Test


1.2a.3.2.2.11a.1.2





System Engineering


1.2a.3.2.2.11a.1.1





Communication #1 Antennas Support Equipment


1.2a.3.2.2.11a.6





Communication #1 Antennas Miscellaneous Antenna Equipment


1.2a.3.2.2.11a.7





Support Structure & Mechanisms


1.2a.3.2.2.11a.5





Reflectors 


1.2a.3.2.2.11a.3





Feeds


1.2a.3.2.2.11a.2





Communication # 1 Antenna SEIT/PM


1.2a.3.2.2.11a.1





Communication #1 First Antenna


1.2a.3.2.2.11a (a=1st antenna)





WBS 1.2a.3.2.2.9.2 – Processors:  If one processor performs the processing function for multiple Communication or Payload equipment suites, carry the processor in the 1st suite and annotate the remaining suites.





Demultiplexers


1.2a.3.2.2.9.10





Multiplexers


1.2a.3.2.2.9.9





COMSEC


1.2a.3.2.2.9.6





Demodulators


1.2a.3.2.2.9.8





Modulators


1.2a.3.2.2.9.7






























































































































































See Bus Flight Software for the detail breakout.  WBS 1.2a.2.8





See next page for a sample breakout





Add suites as required





Training


1.2a.3.3.1.5





Data


1.2a.3.3.1.4





Program Management


1.2a.3.3.1.3





Integration and Test


1.2a.3.3.1.2





System Engineering


1.2a.3.3.1.1





Payload SEIT/PM


1.2a.3.3.1





Payload #2


1.2a.3.3.n=3





Payload #1


1.2a.3.3.n=2





Payload


1.2a.3.3





Add suites as required





Training


1.2a.3.2.1.5





Data


1.2a.3.2.1.4





Program Management


1.2a.3.2.1.3





Integration and Test


1.2a.3.2.1.2





System Engineering


1.2a.3.2.1.1





Communication SEIT/PM


1.2a.3.2.1





Communication #2


1.2a.3.2.n=3





Communication #1


1.2a.3.2.n=2





Communication 


1.2a.3.2





Training


1.2a.3.1.5





Data


1.2a.3.1.4





Program Management


1.2a.3.1.3





Integration and Test


1.2a.3.1.2





System Engineering


1.2a.3.1.1





Communication / Payload SEIT/PM


1.2a.3.1





See next page for a sample breakout





Communication / Payload Support Equipment


1.2a.3.5





Communication / Payload Other Costs


1.2a.3.6





Communication / Payload Flight Software


1.2a.3.4





Communication / Payload 


1.2a.3





Algorithm Development


1.2a.2.8.1.4





Algorithm Development


1.2a.2.8.2.1.4





Add Configuration Items as required





Add Configuration Items as required





Glue Code


1.2a.2.8.2.2.x+1=3





See the WBS breakout for the First Configuration Item 1.2a.2.8.2.2.x=1





CI Two  (1…x)


1.2a.2.8.2.2.x=2





Other Software Costs


1.2a.2.8.2.4





Program Management


1.2a.2.8.2.1.3





Integration and Test


1.2a.2.8.2.1.2





System Engineering


1.2a.2.8.2.1.1





CI Testing


1.2a.2.8.2.2.1.5





Design Entity  (CSC) I&T


1.2a.2.8.2.2.1.4





Coding & Design Entity  (CSC) Testing


1.2a.2.8.2.2.1.3





Design


1.2a.2.8.2.2.1.2





Requirement Analysis


1.2a.2.8.2.2.1.1





Configuration Item (CI) One (1…x)


1.2a.2.8.2.2.x = 1





Custom Software


1.2a.2.8.2.2





Flight Function (2…n) SEIT/PM


1.2a.2.8.2.1





COTS


1.2a.2.8.2.3





These WBS accounts will be used where software cannot be broken out to the Spacecraft Bus Flight Subsystems.





See the WBS breakout for the Bus Flight Software First Flight Function 1.2a.2.8.n = 2





Bus Flight Software Other Costs


1.2a.2.8.n+1 (4)





Flight Function (2…n)


1.2a.2.8.n = 3





Flight Function (2…n)


1.2a.2.8.n = 2





Program Management


1.2a.2.8.1.3





Integration and Test


1.2a.2.8.1.2





System Engineering


1.2a.2.8.1.1





Bus Flight Software SEIT/PM


1.2a.2.8.1





Bus Flight Software


1.2a.2.8





Harnesses and Cables


1.2a.2.7.2.3.10





See Subsystem Flight Software detail breakout at WBS 1.2a.2.3.4





Disk Recorders


1.2a.2.7.4.15





Patch


1.2a.2.7.2.2.5





Multicouplers


1.2a.2.7.2.3.5





Solid State Power Amplifier


1.2a.2.7.3.7.2





TWTA


1.2a.2.7.3.7.1





Integration & Test


1.2a.2.7.2.3.1





Integration & Test


1.2a.2.7.2.2.1





Integration & Test


1.2a.2.7.2.1





Horn


1.2a.2.7.2.2.4





Spiral


1.2a.2.7.2.2.3





Omni


1.2a.2.7.2.2.2





Antennas


1.2a.2.7.2.2





Waveguide


1.2a.2.7.2.3.9





Filters


1.2a.2.7.2.3.8





RF Switches


1.2a.2.7.2.3.7





Coaxial Switches


1.2a.2.7.2.3.6





Multiplexers


1.2a.2.7.2.3.4





Triplexers


1.2a.2.7.2.3.3





Diplexers


1.2a.2.7.2.3.2





RF Plumbing


1.2a.2.7.2.3





Passive RF Components


1.2a.2.7.2





Program Mgmt


1.2a.2.7.1.3





Integration and Test


1.2a.2.7.1.2





System Engineering


1.2a.2.7.1.1





Telemetry, Tracking, and Command Subsystem SEIT/PM


1.2a.2.7.1





Integration & Test


1.2a.2.7.3.1





Integration & Test


1.2a.2.7.4.1





Telemetry, Tracking, and Command Subsystem Support Equipment


1.2a.2.7.6





Telemetry, Tracking, and Command Subsystem Flight Software


1.2a.2.7.5





Telemetry, Tracking, and Command Subsystem Other Costs


1.2a.2.7.7





Tape Recorders


1.2a.2.7.4.14





Interface Units


1.2a.2.7.4.13





COMSEC


1.2a.2.7.4.12





Data Switches


1.2a.2.7.4.11





Signal Conditioners


1.2a.2.7.4.10





Frequency Generators


1.2a.2.7.4.9





Timing Units


1.2a.2.7.4.8





Command Sequencers


1.2a.2.7.4.7





Telemetry Units


1.2a.2.7.4.6





Command Units


1.2a.2.7.4.5





Decoders


1.2a.2.7.4.4





Solid State Memory


1.2a.2.7.4.3





Processors


1.2a.2.7.4.2





Other Electronics


1.2a.2.7.4





Upconverters


1.2a.2.7.3.10





Downconverters


1.2a.2.7.3.9





GPS Receiver


1.2a.2.7.3.8





Power Amplifiers


1.2a.2.7.3.7





Demodulators


1.2a.2.7.3.6





Modulators


1.2a.2.7.3.5





Transponders


1.2a.2.7.3.4





Transmitters


1.2a.2.7.3.3





Receivers


1.2a.2.7.3.2





Other RF 


1.2a.2.7.3





Telemetry, Tracking, and Command Subsystem


1.2a.2.7





Propulsion Subsystem Support Equipment


1.2a.2.6.7





Solid Propellants


1.2a.2.6.5.4





Liquid Propellants


1.2a.2.6.6





Integration & Test


1.2a.2.6.5.3.1





Integration & Test


1.2a.2.6.5.1





Spin Rockets


1.2a.2.6.5.3.3





Separation Motors


1.2a.2.6.5.3.2





Service Rockets


1.2a.2.6.5.3





Apogee Kick Motor


1.2a.2.6.5.2





Solid Rocket Motors 


1.2a.2.6.5





Integration & Test


1.2a.2.6.4.1





Integration & Test


1.2a.2.6.3.1





Integration & Test


1.2a.2.6.2.1





Filters


1.2a.2.6.3.6





Electronics


(See ACS)





Propulsion Subsystem Other Costs


1.2a.2.6.8





Cold-gas


1.2a.2.6.4.5





Electric


1.2a.2.6.4.4





Monopropellant


1.2a.2.6.4.3





Bipropellant


1.2a.2.6.4.2





Thrusters


1.2a.2.6.4





Flowmeters, Transducers


1.2a.2.6.3.5





Regulators


1.2a.2.6.3.4





Valves


1.2a.2.6.3.3





Fluid Lines 


& Manifolds


1.2a.2.6.3.2





Pressurant Tank


1.2a.2.6.2.5





Monopropellant 


Tank


1.2a.2.6.2.4





Fuel Tank


1.2a.2.6.2.3





Oxidizer Tank


1.2a.2.6.2.2





Tanks


1.2a.2.6.2





Plumbing


1.2a.2.6.3





Program Management


1.2a.2.6.1.3





Integration and Test


1.2a.2.6.1.2





System Engineering


1.2a.2.6.1.1





Propulsion Subsystem SEIT/PM


1.2a.2.6.1





Propulsion Subsystem


1.2a.2.6





See Subsystem Flight Software detail breakout at WBS 1.2a.2.3.4





BAPTA


1.2a.2.5.2.4





1.2a.2.6.6.2





GPS Receiver


(See TT&C 1.2a.2.7.3.8)





Attitude Control Subsystem Support Equipment


1.2a.2.5.5





Reaction Control Prop.


(See Propulsion)





Control Electronics


1.2a.2.5.3.5





Spin Control Devices


1.2a.2.5.3.4





Magnetic Control Devices


1.2a.2.5.3.3





Integration & Test


1.2a.2.5.3.2.1





Integration & Test


1.2a.2.5.3.1





Energy Storage Devices (Flywheels)


1.2a.2.5.3.2.5





Control Moment Gyros


1.2a.2.5.3.2.4





Momentum Wheels


1.2a.2.5.3.2.3





Reaction Wheels


1.2a.2.5.3.2.2





Gyro Stabilization Devices


1.2a.2.5.3.2





Attitude Control


1.2a.2.5.3





Integration & Test


1.2a.2.5.2.1





Integration & Test


1.2a.2.5.2.2.1





Magnetometers


1.2a.2.5.2.2.5





Sun Sensors


1.2a.2.5.2.2.4





Earth (Horizon) Sensors


1.2a.2.5.2.2.3





Star Trackers/Sensors


1.2a.2.5.2.2.2





Attitude Reference


1.2a.2.5.2.2





Integration & Test


1.2a.2.5.2.3.1





Accelerometers


1.2a.2.5.2.3.4





Rate Gyros


1.2a.2.5.2.3.3





Inertial Reference Unit


1.2a.2.5.2.3.2





Inertial Reference


1.2a.2.5.2.3





Attitude Determination


1.2a.2.5.2





Attitude Control Subsystem Flight Software


1.2a.2.5.4





Attitude Control Subsystem Other Costs


1.2a.2.5.6





Program Management


1.2a.2.5.1.3





Integration and Test


1.2a.2.5.1.2





System Engineering


1.2a.2.5.1.1





Attitude Control Subsystem SEIT/PM


1.2a.2.5.1





Attitude Control Subsystem


1.2a.2.5





Sun Sensor


1.2a.2.4.2.2.5





Electrical Power Subsystem Support Equipment


1.2a.2.4.7





Integration & Test 


1.2a.2.4.3.1





Integration & Test


1.2a.2.4.3.2.1





Integration & Test


1.2a.2.4.3.3.1





Integration & Test


1.2a.2.4.3.4.1








Dissipators


1.2a.2.4.3.4.3





Shunt Resistor Banks


1.2a.2.4.3.4.2





Power Dissipation Devices 


1.2a.2.4.3.4





Regulators


1.2a.2.4.3.3.4





Converters


1.2a.2.4.3.3.3





Inverters


1.2a.2.4.3.3.2





Power Conversion Electronics


1.2a.2.4.3.3





Pyrotechnics /Heater Controls


1.2a.2.4.3.2.3





Junction Boxes


1.2a.2.4.3.2.2





Power Control Electronics 


1.2a.2.4.3.2





Electrical Power Conditioning


1.2a.2.4.3





Integration & Test


1.2a.2.4.2.1





Integration & 


Test


1.2a.2.4.2.2.1





Integration & 


Test


1.2a.2.4.2.3.1





Support Structure


1.2a.2.4.2.2.4





Drive Electronics


1.2a.2.4.2.3.3





Drive Assembly


1.2a.2.4.2.3.2





Solar Array Positioner


1.2a.2.4.2.3





Other Power 


Sources


1.2a.2.4.2.5





Radioisotope Thermionic Generator


1.2a.2.4.2.4





Solar Cells


1.2a.2.4.2.2.3





Substrates


1.2a.2.4.2.2.2





Solar Array


1.2a.2.4.2.2





Electrical Power Generation


1.2a.2.4.2





Integration & Test


1.2a.2.4.4.1





Integration & 


Test


1.2a.2.4.4.2.1





See Subsystem Flight Software detail breakout at WBS 1.2a.2.3.4 





Electrical Power Subsystem Flight Software


1.2a.2.4.6





Interconnects


1.2a.2.4.4.2.4





Electrical Power Subsystem Other Costs


1.2a.2.4.8





Charge Control Electronics


1.2a.2.4.4.3





Harnesses & Cables 


1.2a.2.4.5





Electrical Power Storage


1.2a.2.4.4





Support Structure


1.2a.2.4.4.2.3





Cells


1.2a.2.4.4.2.2





Rechargeable Batteries


1.2a.2.4.4.2





Electrical Power Subsystem SEIT/PM


1.2a.2.4.1





Program Management


1.2a.2.4.1.3





Integration and Test


1.2a.2.4.1.2





System Engineering


1.2a.2.4.1.1





Electrical Power Subsystem


1.2a.2.4





Algorithm Development


1.2a.2.3.4.1.4





Add Configuration Items as required





Glue Code


1.2a.2.3.4.2.x+1=3





See the WBS breakout for the First Configuration Item 1.2a.2.3.4.2.x=1





Configuration Item Two  (1…x)


1.2a.2.3.4.2.x=2





Other Software Costs


1.2a.2.3.4.4





Program Management


1.2a.2.3.4.1.3





Integration and Test


1.2a.2.3.4.1.2





System Engineering


1.2a.2.3.4.1.1





Configuration Item Testing


1.2a.2.3.4.2.1.5





Design Entity  (CSC) I&T


1.2a.2.3.4.2.1.4





Coding & Design Entity  (CSC) Testing


1.2a.2.3.4.2.1.3





Design


1.2a.2.3.4.2.1.2





Requirement Analysis


1.2a.2.3.4.2.1.1





Configuration Item One (1…x)


1.2a.2.3.4.2.x=1





Custom Software


1.2a.2.3.4.2





SEIT/PM


1.2a.2.3.4.1





COTS


1.2a.2.3.4.3





Thermal Control Subsystem Flight Software


1.2a.2.3.4





This WBS structure will be used where software can be broken out to individual subsystems.





Second Surface Mirrors


1.2a.2.3.3.9





Thermal Control Subsystem Support Equipment


1.2a.2.3.5





Integration & Test


1.2a.2.3.3.1





Integration & Test


1.2a.2.3.2.1





Shutters


1.2a.2.3.2.6





Liquid Loops


1.2a.2.3.2.3





Cryogenic Devices


1.2a.2.3.2.2





Electric Heaters Thermisters & Thermostats


1.2a.2.3.2.5





Electric Cooling (Thermoelectric)


1.2a.2.3.2.4





Active Devices


1.2a.2.3.2





See next page for the detailed breakout.





Thermal Control Subsystem Flight Software


1.2a.2.3.4





Thermal Control Subsystem Other Costs


1.2a.2.3.6





Radiator Panels/Fins


1.2a.2.3.3.2





Conductive Structures


1.2a.2.3.3.6





Embedded Thermal


(See Structures – 1.2a.2.2.4)





Sun Shields


1.2a.2.3.3.8





Coatings


1.2a.2.3.3.3





Insulation


1.2a.2.3.3.5





Passive Devices


1.2a.2.3.3





Louvers


1.2a.2.3.3.7





Heat Pipes


1.2a.2.3.3.4





Program Management


1.2a.2.3.1.3





Integration and Test


1.2a.2.3.1.2





System Engineering


1.2a.2.3.1.1





Thermal Control Subsystem SEIT/PM


1.2a.2.3.1





Thermal Control Subsystem


1.2a.2.3





Integration & Test


1.2a.2.2.5.1





Ordnance


Separation Units


1.2a.2.2.5.3





Initiator Squibs


1.2a.2.2.5.2





Integration & Test


1.2a.2.2.2.1





Integration & Test


1.2a.2.2.2.2.1





Integration & 


Test


1.2a.2.2.2.3.1





Ballast Weight


1.2a.2.2.2.3.3





Equipment Mounting


1.2a.2.2.2.3.2





Adapters


1.2a.2.2.2.2.5





Secondary Structures


1.2a.2.2.2.3





Booms


1.2a.2.2.2.2.4





Equipment Compartments 


1.2a.2.2.2.2.3





Load Carrying Shell/Truss


1.2a.2.2.2.2.2





Primary Structures


1.2a.2.2.2.2





Structures


1.2a.2.2.2





Integration & Test 


1.2a.2.2.3.1





Deployment & Stowage Equipment


1.2a.2.2.3.3





Positioning


1.2a.2.2.3.2





Mechanisms 


1.2a.2.2.3





Structures and Mechanisms Subsystem Support Equipment


1.2a.2.2.6





Structures and Mechanisms Subsystem Other Costs


1.2a.2.2.7





Pyrotechnics


1.2a.2.2.5





Structures with Thermal Control


1.2a.2.2.4





Program Management


1.2a.2.2.1.3





Integration and Test


1.2a.2.2.1.2





System Engineering


1.2a.2.2.1.1





Structures and Mechanisms Subsystem SEIT/PM


1.2a.2.2.1





Structures and Mechanisms Subsystem


1.2a.2.2





Other Costs


1.2a.2.8.2.4





Other Costs


1.2a.2.8.n+1 (4)





Other Costs


1.2a.2.7.7





Other Costs


1.2a.2.5.6





Flight Function (2…n)


1.2a.2.8.n = 3





Support Equipment


1.2a.2.7.6





Support Equipment


1.2a.2.6.7





Liquid Propellants


1.2a.2.6.6





Support Equipment


1.2a.2.5.5





Flight Software


1.2a.2.4.6





Flight Software


1.2a.2.3.4





Support Equipment


1.2a.2.2.6





Spacecraft Bus Support Equipment


1.2a.2.9





Support Equipment


1.2a.2.4.7





Flight Software


1.2a.2.5.4





Support Equipment


1.2a.2.3.5





Other Electronics


1.2a.2.7.4





Other RF


1.2a.2.7.3





Passive Devices


1.2a.2.3.3





Other Costs


1.2a.2.3.6





Other Costs


1.2a.2.4.8





Other Costs


1.2a.2.6.8





Other Costs


1.2a.2.2.7





Embedded Thermal Control


(See 1.2a.2.2.4)





Active Devices


1.2a.2.3.2





SEIT/PM


1.2a.2.3.1





Thermal Control Subsystem


1.2a.2.3





COTS


1.2a.2.8.2.3





Custom Software


1.2a.2.8.2.2





Flight Function (n=2) SEIT/PM


1.2a.2.8.2.1





Flight Function (2…n)


1.2a.2.8.n = 2





SEIT/PM


1.2a.2.8.1





Flight Software


1.2a.2.7.5





Passive RF


1.2a.2.7.2





SEIT/PM


1.2a.2.7.1





TT&C Subsystem


1.2a.2.7





Electronics (See ACS)





Solid Rocket Motors 


1.2a.2.6.5





Thrusters


1.2a.2.6.4





Plumbing


1.2a.2.6.3





Tanks


1.2a.2.6.2





SEIT/PM


1.2a.2.6.1





Propulsion Subsystem


1.2a.2.6





Spacecraft Bus Flight Software


1.2a.2.8





Attitude Control


1.2a.2.5.3





Attitude Determination


1.2a.2.5.2





SEIT/PM


1.2a.2.5.1





Attitude Control Subsystem


1.2a.2.5





Pyrotechnics


1.2a.2.2.5





Structures with Thermal Control


1.2a.2.2.4





Mechanisms


1.2a.2.2.3





Structures


1.2a.2.2.2





SEIT/PM


1.2a.2.2.1





Structures and Mechanisms Subsystem


1.2a.2.2





Harnesses & Cables


1.2a.2.4.5





Electrical Power Storage


1.2a.2.4.4





Electrical Power Conditioning


1.2a.2.4.3





Electrical Power Generation


1.2a.2.4.2





SEIT/PM


1.2a.2.4.1





Electrical Power Subsystem 


1.2a.2.4





Spacecraft Bus


1.2a.2	





Program Management


1.2a.2.1.3





Integration and Test


1.2a.2.1.2





System Engineering


1.2a.2.1.1





Spacecraft Bus SEIT/PM


1.2a.2.1





Training


1.2a.3.1.5





Data


1.2a.3.1.4





Communication / Payload Support Equipment


1.2a.3.5





Communication / Payload Other Costs


1.2a.3.6





Communication / Payload Flight Software


1.2a.3.4





Program Management


1.2a.3.1.3





Integration and Test


1.2a.3.1.2





Systems Engineering


1.2a.3.1.1





Payload #2


1.2a.3.3.n = 3





Payload #1


1.2a.3.3.n = 2





Payload SEIT/PM


1.2a.3.3.1





Payload 


1.2a.3.3





Communication #2


1.2a.3.2.n = 3





Communication #1


1.2a.3.2.n = 2





Communication SEIT/PM


1.2a.3.2.1





Communication 


1.2a.3.2





Communication / Payload SEIT/PM


1.2a.3.1





Communication / Payload 


1.2a.3





Spacecraft Bus Support Equipment


1.2a.2.9





Training


1.2a.1.5





Data


1.2a.1.4





Thermal Control Subsystems


1.2a.2.3





Spacecraft Bus Flight Software


1.2a.2.8





Telemetry, Tracking, & Command (TT&C) Subsystem


1.2a.2.7





Propulsion Subsystem


1.2a.2.6





Attitude Control Subsystem


1.2a.2.5





Electrical Power Subsystem


1.2a.2.4





Structures & Mechanisms Subsystem


1.2a.2.2





Spacecraft Bus SEIT/PM


1.2a.2.1





Spacecraft Bus


1.2a.2





Program Management


1.2a.1.3





Integration and Test


1.2a.1.2





System Engineering


1.2a.1.1





Spacecraft SEIT/PM


1.2a.1





Spacecraft OGC


1.2a.12





Spacecraft GFE/D/P


1.2a.11





Spacecraft Other Costs


1.2a.10





Launch Operations


& Mission Support


1.2a.8





Launch Systems Integration


1.2a.7





Refurbishment


1.2a.6





Spacecraft Storage


1.2a.5





Booster Adapter 


1.2a.4





Spacecraft Support Equipment


1.2a.9





Spacecraft


1.2a (a = the 1st spacecraft built)





Add ground sites as required





Add spacecraft as required





Ground


1.3b (a = 2nd ground site)





Spacecraft


1.2b (b = 2nd spacecraft)





Ground


1.3a (a = 1st ground site)





Factory / Contractor Support Facility


1.3a.10





Data Archive/Storage


1.3a.5





Ground Support Equipment


1.3a.13





Mission Infrastructure


1.3a.8





Mission Data Analysis & Dissemination


1.3a.7





Mission Data Processing


1.3a.6





Ground Facilities/Buildings


1.3a.11





Ground OGC


1.3a.16





Ground GFE/D/P


1.3a.15





Ground Other Costs


1.3a.14





Ground Initial Support


1.3a.12





Collection Management


1.3a.9





Mission Management


1.3a.4





Command & Control


1.3a.3





Ground Terminal


1.3a.2





Ground SEIT/PM


1.3a.1





Spacecraft


1.2a (a = 1st spacecraft)





Spacecraft Support Equipment


1.2a.9





Spacecraft OGC


1.2a.12





Spacecraft GFE/D/P


1.2a.11





Spacecraft Other Costs


1.2a.10





Launch Operations & Mission Support


1.2a.8





Launch Systems Integration 


1.2a.7





Refurbishment


1.2a.6





Spacecraft Storage


1.2a.5





Booster Adapter


1.2a.4





Communication / Payload 


1.2a.3





Spacecraft Bus


1.2a.2





Spacecraft SEIT/PM


1.2a.1





Space System Support Equipment


1.6





Space System GFE/D/P


1.7





Launch


1.5a (a = 1st launch site)





Space System OGC


1.8





Operations and Maintenance 


1.4a





Training


1.1.5





Data


1.1.4





Program Management


1.1.3





Integration and Test


1.1.2





System Engineering


1.1.1





Space System SEIT/PM


1.1





Space System


1	





O&M Site-level Costs (a = 1st ground site)


4a





Space System Support Equipment


1.6





Space System GFE/D/P


1.7





Space System OGC


1.8





Operations & Maintenance


1.4a (a =1st ground site)





Space System   SEIT/PM


1.1





Ground


1.3a (a =1st ground site)





Spacecraft


1.2a (a = 1st spacecraft built)





Launch


1.5a (a = 1st launch site)





Space System


1	





SOS Program Management


2.3





SOS Integration and Test


2.2





SOS Level System Engineering


2.1





SOS Level SEIT/PM


2





SOS Level External Communications


3





System Of Systems (SOS)


0	
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Releasable SWBS-locked




