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Outline

• Context
―What is the Federal Aviation Administration’s (FAA) NextGen
―Using FAA NextGen System of Systems (SoS) Terminology
―Who are the stakeholders?

• Results from models aligned to different phases of FAA 
Acquisition Management System (AMS)
―Notional concept of AMS
―Model for Concept & Requirements Definition (CRD) and 
Investment Analysis (IA) phase of AMS

―Model for Solution Implementation phase of AMS
―Model for Risk scenarios

• Conclusions

• Acknowledgment
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Risk‐Informed Decision‐Making: Leveraging 
What People Know in Changing Contexts 

• Need: improve collaboration across SoS and disciplines
―NextGen is a complex SoS and rolling out capabilities is challenging due to:

o Many factors
o Complex interdependencies and asynchronous integration
o Diverse set of stakeholders

• Objective: develop modeling and analysis framework to enable a 
probabilistic process for risk‐informed decision‐making
―Helps stakeholders understand cost, schedule, benefits, and risk tradeoffs
―Approach improves the accuracy of schedule and cost predictions 

• Approach: use Bayesian networks to combine quantitative with 
qualitative expert judgment to capture and leverage causal 
relationships about “Peoples’ internal knowledge that is not 
captured externally or formally”
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What is the FAA NextGen?

Image credit: NextGen Far-Term (2025), To-Be Enterprise-Level Architecture High-level 
Operational Concept Graphic (OV-1) Version 1.0, January 29, 2010
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NextGen Vision of 
Integrated Framework of SoS Operations

Image credit: Ron Stroup, 
Chief Systems Engineer for Air-Ground Integration



© Mark R. Blackburn, Ph.D. 6

FAA NextGen Rolls Out Capabilities to SoS

• Capabilities cut across programs, domains, and time

Solution Sets

Trajectory Based Operations (TBO) 

High Density Arrivals/Departures (HD) 

Flexible Terminals and Airports (FLEX) 

Collaborative ATM (CATM) 

Reduce Weather Impact (RWI) 

System Network Facilities (FAC) 

Safety, Security and Environment (SSE) 

Capabilities

Transformational Programs

Automatic Dependent Surveillance 
Broadcast (ADS‐B) 

System Wide Information 
Management (SWIM)

Data Communications

NextGen Network Enabled Weather 
(NNEW)

NAS Voice Switch (NVS)

Collaborative Air Traffic Management 
Technologies (CATM‐T)
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Example Implementation Portfolio From 
NextGen Implementation Plan 

www.faa.gov/NextGen

Operational
Improvement

Operational
Improvement

Increment

Portfolio (1 of 10)

DevelopmentConcept Available Schedule Change

Timelines:

What’s the Probability (Risk) of 
finishing at this point in time?
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Objective Statement from Kickoff Meeting

• Develop a modeling and analysis framework to enable a process for managing 
decision‐making that occurs when capabilities must be integrated, deployed 
and acquired asynchronously
―Predictive Model for Estimating Cost, Schedule, Benefits, with 
Visualizations to aid in Risk‐Informed Decision‐making

Modeling Framework
for Decision Making at
Portfolio & Enterprise 

Levels

Quantitative Qualitative
factors

Cost, Schedule, & Benefit 
predictions

Risk calculations

Factor impacts on practices

Aligns with FAA Acquisition 
Management System (AMS)

1) Program Releases
or

2) Operational 
Improvement
Candidates

or
3) Risk Scenarios
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Definitions, Terminology and Notations

• Risk: the degree of probability of a loss* 

• Probability: (1) the chance that something will happen; (2) a 
measure of how often a particular event will happen* 

• Variance: an amount of difference*

*www.merriam-webster.com
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Developed Models to Support Decision 
Making for FAA AMS

FAA Acquisition Management System (AMS)
(http://fast.faa.gov/)

• Concept & Requirements Definition (CRD)
• Investment Analysis (IA)
• Final Investment Decision (FID)
• NextGen Segment Implementation Plan (NSIP)

FAA Terms
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Releases 

Four Types of Models Predict Risks Based on Internal 
Knowledge Not Captured Externally or Formally

Benefits?

2) Improve Prediction of Schedule and Cost
in Solution Implementations 

1) Improve Collaborative Decision-Making
for CRD & IA supporting NSIP Evolution

Near Certainty E 5 13 20 22 25
Highly Likely D 4 12 15 21 24

Likely C 3 11 14 17 23
Low Likelihood B 2 7 9 16 19

Not Likely A 1 6 8 10 18
1 2 3 4 5

Very Low Low Moderate High Very High
Impact

Risk Matrix

Li
ke

lih
oo

d

3) Improve Collaborative Decision-Making
About Systemic Risks and Benefits

Maps to a Quantification
of Risk

Concept applied to 
• ADS-B In
• GBAS and ILS

4) Improve Risk-Informed Decision Making
for NextGen Benefits due to Market Stability

Model being applied to NSIP 2014

Example:
• Three SME inputs illustrate difference 

in schedule of ~7 months based on 
different beliefs in factors
for Improved Surface
Operations

Concept applied to 
• Sep. Mgmt.
• SWIM

MSPAircraft not equipped
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FAA Lifecycle Management Process Flowchart
(http://fast.faa.gov/)

Model Aligns Primarily with CRD and 
Investment Analysis Aspects of FAA AMS

FAA Acquisition Management System

Mission
Analysis

Concept & Requirements 
Definition (CRD) and 

Investment Analysis (IA)

Solution 
Implementation (SI)

Enterprise Risk Management

Analysis and Modeling Framework 

Model Service 
Analysis

Model CRD & IA Model ‐ SI

We Are HereWe Are Here
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Objective for CRD and IA Models
– Moving OIIs through Process

• Improve prediction of schedule (and cost) for Operational 
Improvement Increments through the CRD and IA decision points?

• Improve the collaboration to understand the risks at the different 
decision points during this process?

• Understand the factors that impact the risk during this process?

• Quantify the risk?
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Example Implementation Portfolio From 
NextGen Implementation Plan 

www.faa.gov/NextGen

Operational
Improvement

Operational
Improvement

Increment

Portfolio (1 of 10)

DevelopmentConcept Available Schedule Change

Timelines:

What’s the Probability (Risk) of 
finishing at this point in time?
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Improved Surface Portfolio Example

• Three SME inputs illustrate difference in schedule of ~7 months 
based on different beliefs in factors

Operational Improvement Increments Mean

Situational Awareness and Alerting of Ground Vehicles

27.4

32.0

34.6
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Time‐Based Flow Management Portfolio 
Example

• Maximum difference more than 8 months for Operational 
Improvement

Operational Improvement Increments Mean

Extended Metering 32.1

Arrival Interval Management Using Ground Automation 25.3

Use RNAV Route Data to Calculate Trajectories Used to Conduct TBM 
Operations

33.9

Integrated Departure/Arrival Capability 34.1
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SMEs Use Spreadsheet Collection Instrument 
to Assign Factor Values to Each OII
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Collection Spreadsheet has Factor Guidelines 
on Factors‐Meaning Definition Worksheet 
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FAA Lifecycle Management Process Flowchart
(http://fast.faa.gov/)

Approach: Developed Models Align with FAA 
AMS to Address Varying Lifecycle Factors

FAA Acquisition Management System

Mission
Analysis

Concept & Requirements 
Definition (CRD) and 

Investment Analysis (IA)

Solution 
Implementation (SI)

Enterprise & Portfolio Risk Management

Analysis and Modeling Framework 

Model Service 
Analysis

Model CRD & IA Model ‐ SI

We Are HereWe Are Here
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Objective for Solution Implementation Model

• Given historical information (cost/schedule)
―Calibrate model based on factors
―Use model for future predictions

• Can one model apply to all programs executing in Solution 
Implementation?
―Do the same factors apply to both systems in the solution implementation 
phase?

―Are the causal relationships between factors the same?
o As reflected in the Bayesian network (BN) model

―Are the factor weightings the same?
o As reflected by the node probabilities in the BN model
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Use Pull Down Menu to Select Value 
(Low, Med, High) that is most applicable

Factors Categories
(Next Slide for Details)

2) Select Factor Values
(Low, Med, High)

1) Add Quantitative Data
(Start Date and 

Actual Release Date)
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Comparison of Predicted, Actual, and Planned 
Schedule over Many Releases 

Model Prediction

Program Plan

Actual Time
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Releases 

We found out by 
talking with the 

program team that this 
release was split into 
two, and that might 
explain the inaccuracy 

of this point



© Mark R. Blackburn, Ph.D. 23

0 

50 

100 

150 

200 

250 

300 

350 

400 

R17 R18 R19 R20 R21 R22 

Planned Dura on Time (days) 

Mean Predicted 

‐6.0% 

‐4.0% 

‐2.0% 

0.0% 

2.0% 

4.0% 

6.0% 

8.0% 

10.0% 

12.0% 

14.0% 

R17 R18 R19 R20 R21 R22 

% Diff Predict 

% Diff Predict 

Summary Data for Cost Prediction/Estimation
Releases R17 – R22 – Planned vs. Predicted

Plan

Release ID

Plan Date 
Released to 

Site
Planned 
Start Date

Planned 
Duration 
Time 
(days)

Planned 
in 

Months

Mean 
Predic
ted

% Diff 
Predict

R17 8/31/13 11/12/12
R18 3/31/14 4/15/13
R19 8/31/14 9/16/13
R20 1/31/15 3/24/14
R21 6/15/15 8/25/14
R22 10/5/15 1/26/15

292
350
349
313
294
252

9.7
11.7
11.6
10.4
9.8
8.4

293 0.3%
337 ‐3.7%
359 2.9%
351 12.1%
318 8.2%
267 6.0%
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Analysis of Solution Implementation Model 

Questions Answer Comment

Were there missing factors? Yes Service Oriented Computing was the only 
new factor, and might apply to other 
Solution Implementation programs

Do the same factors apply to both 
systems in the solution 
implementation phase?

Yes Added Service Orientation of Program and 
adjusted some causal relationships

Are the causal relationships 
between factors the same?

No Changed some causal relationships related 
to Service Orientation Factor which reduce 
impact of Deployment Factor, Operational 
Requirements, increases impact of Number 
of Interfaces

Are the factor weightings the 
same?

Yes Adjusted to some of the weighting

See model on next slide
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Updated Solution Implementation Model
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Conclusions

• NextGen is a complex System of Systems and rolling out 
capabilities is challenging due to many factors and complex 
interdependencies and diverse set of stakeholders

• Bayesian networks combine quantitative with qualitative expert 
judgment to capture and leverage causal relationships about 
“Peoples’ internal knowledge that is not captured externally or 
formally”
―We developed and refined a modeling and analysis framework to enable a 
process for managing risk‐informed decision‐making

―Approach improves the accuracy of schedule and cost predictions (and 
reduce the variance)

•Models working sufficiently well that we transferred models and 
guidebook for updating models to FAA
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Thank You

• For more information contact:
―Mark R. Blackburn, Ph.D.
―Mark.Blackburn@stevens.edu
―703.431.4463
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Risk Relationship Models for 
Benefit/Performance Tradeoff Analysis

• Demonstrate a collaborative way to have various stakeholders 
understand common and divergent beliefs about 
program/portfolio/enterprise/capability factors that lead to risk 
or could be changed to mitigate risks

• Created two different models
―Risk Relationship Risk Index (RRRI)

o Derived from analysis of research performed on FAA Enterprise and Portfolio Risks

―Market Stability Index Risk 
o Derived from combination of factors in other models and key factors derived from 
data and discussions with Ron Stroup (and others)

• Have applied to some scenarios
―Impacts on funding for ADS‐B In Op. Trials, 28‐Sep‐2012,  Ronald L. Stroup
―GBAS and ILS tradeoff



© Mark R. Blackburn, Ph.D. 30

Quantifies Risk: 
Map Probabilistic Risk to Risk Matrix

Operational Improvement Risk Scenarios Mean

ADS‐B In (person 1) 9.7

GBAS and ILS (Two SME teaming  to answer factors) 12.3

ADS‐B In (person 2) 13.5

Near Certainty E 5 13 20 22 25
Highly Likely D 4 12 15 21 24

Likely C 3 11 14 17 23
Low Likelihood B 2 7 9 16 19

Not Likely A 1 6 8 10 18
1 2 3 4 5

Very Low Low Moderate High Very High
Impact

Risk Matrix
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Actual risk
region depends on 

Impact vs. Likelihood


