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Outline	
  

• Part	
  1:	
  	
  
― What	
  is	
  the	
  Federal	
  AviaAon	
  AdministraAon’s	
  (FAA)	
  NextGen	
  
― Who	
  are	
  the	
  stakeholders?	
  

• Part	
  2:	
  Problem	
  	
  
― Using	
  FAA	
  NextGen	
  System	
  of	
  Systems	
  (SoS)	
  Terminology	
  

• Part	
  3:	
  ObjecAve,	
  approach,	
  &	
  expected	
  analysis	
  outputs	
  

• Part	
  4:	
  Sample	
  results	
  

• Conclusions	
  

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

•  Improving	
  collabora)on	
  across	
  SoS	
  and	
  disciplines	
  
― NextGen	
  is	
  a	
  complex	
  SoS	
  and	
  rolling	
  out	
  capabiliAes	
  is	
  challenging	
  due	
  to:	
  
o Many	
  factors	
  
o  Complex	
  interdependencies	
  
o Diverse	
  set	
  of	
  stakeholders	
  

• Developing	
  a	
  modeling	
  and	
  analysis	
  framework	
  to	
  enable	
  a	
  
probabilis)c	
  process	
  for	
  risk-­‐informed	
  decision-­‐making	
  	
  
― Helps	
  stakeholders	
  understand	
  cost,	
  schedule,	
  benefits,	
  and	
  risk	
  tradeoffs	
  
― Approach	
  improves	
  the	
  accuracy	
  of	
  schedule	
  and	
  cost	
  predicAons	
  	
  

• Bayesian	
  networks	
  combine	
  quanAtaAve	
  with	
  qualitaAve	
  expert	
  
judgment	
  to	
  capture	
  and	
  leverage	
  causal	
  relaAonships	
  about	
  
“Peoples’	
  internal	
  knowledge	
  that	
  is	
  not	
  captured	
  externally	
  or	
  
formally”	
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Part 1: 
 

What is NextGen and 
who are the Stakeholders? 
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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	
  Opera)ons	
  

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

Next	
  GeneraAon	
  Air	
  	
  
TransportaAon	
  System	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

NASA	
  
	
  
	
  
	
  
	
  
	
  

NextGen	
  Has	
  a	
  Diverse	
  Set	
  of	
  Stakeholders	
  
that	
  Contribute	
  to	
  and	
  Impact	
  Decisions	
  

FAA	
  NextGen	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Air	
  Traffic	
  
Program	
  

NextGen	
  Program	
  
Planning	
  

Program	
  
Mgmt.	
  

Joint	
  Program	
  
Dev.	
  Office	
  (JPDO)	
  

Customers	
  

Airport	
  
CommuniAes	
  

Owners	
  

Flight	
  
Operators	
  

Regulatory	
  
Authority	
  

Manufacturers	
  

More…	
  

Researchers	
  

DoD	
  
	
  
	
  
	
  
	
  
	
  

Security	
  &	
  
Defense	
  

Single	
  European	
  Sky	
  
ATM	
  Research	
  (SESAR)	
  

	
  
	
  
	
  
	
  

InternaAonal	
  	
  
Civil	
  AviaAon	
  Org.	
  

(ICAO)	
  

Inspired by: Assessment Of The Faa Nextgen Acquisition Process & Development Of A 
Progress Metric Framework For Portfolio Management, Patrice Kone, 2012 

“Wicked” problems are bewilderingly complex and 
have far-reaching implications for large numbers of 
very different stakeholder groups, each with 
competing interests. [Rittel 1972]  
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We	
  Talked	
  to	
  Many	
  Stakeholders	
  about	
  
Various	
  Aspects	
  of	
  the	
  System	
  of	
  System	
  (SoS)	
  

• We	
  started	
  with	
  FAA’s	
  Assistant	
  Administrator	
  for	
  NextGen,	
  	
  
Vicki	
  Cox	
  (our	
  research	
  sponsor)	
  

• Aher	
  talking	
  with	
  more	
  than	
  60	
  success-­‐criAcal	
  stakeholders,	
  who	
  
were	
  very	
  open	
  about	
  the	
  challenges,	
  we	
  found	
  out	
  that:	
  
― All	
  component	
  dependencies	
  	
  
are	
  not	
  systemaAcally	
  idenAfied	
  

― All	
  interface	
  dependencies	
  are	
  not	
  
formally	
  tracked	
  (e.g.,	
  using	
  databases)	
  

― Tradeoff	
  impacts	
  difficult	
  to	
  assess	
  
― People	
  can	
  only	
  roughly	
  esAmate	
  	
  
impact	
  of	
  interdependencies	
  between	
  
component	
  funcAonality	
  

― Difficulty	
  conAnually	
  challenges	
  	
  
those	
  responsible	
  for	
  planning,	
  	
  
developing,	
  and	
  deploying	
  capabiliAes	
  

Mind Map of  
~60 Stakeholders  

and  
Areas of Expertise 
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Part 2: 
 

Problem statement 
using 

FAA NextGen SoS Terminology 
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FAA	
  NextGen	
  Rolls	
  Out	
  Capabili)es	
  to	
  SoS	
  

• CapabiliAes	
  cut	
  across	
  programs,	
  domains,	
  and	
  Ame	
  

Solu)on	
  Sets	
  

Trajectory	
  Based	
  OperaAons	
  (TBO)	
  	
  

High	
  Density	
  Arrivals/Departures	
  (HD)	
  	
  

Flexible	
  Terminals	
  and	
  Airports	
  (FLEX)	
  	
  

CollaboraAve	
  ATM	
  (CATM)	
  	
  

Reduce	
  Weather	
  Impact	
  (RWI)	
  	
  

System	
  Network	
  FaciliAes	
  (FAC)	
  	
  

Safety,	
  Security	
  and	
  Environment	
  
(SSE)	
  	
  

Capabili)es	
  

Transforma)onal	
  Programs	
  

AutomaAc	
  Dependent	
  Surveillance	
  
Broadcast	
  (ADS-­‐B)	
  	
  

System	
  Wide	
  InformaAon	
  
Management	
  (SWIM)	
  

Data	
  CommunicaAons	
  

NextGen	
  Network	
  Enabled	
  Weather	
  
(NNEW)	
  

NAS	
  Voice	
  Switch	
  (NVS)	
  

CollaboraAve	
  Air	
  Traffic	
  Management	
  
Technologies	
  (CATM-­‐T)	
  



	
  	
  	
  	
   	
   	
   	
   	
  ©	
  Mark	
  R.	
  Blackburn,	
  Ph.D. 	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  11 

Example	
  Capability	
  Mapping	
  to	
  	
  
Programs	
  and	
  Decision	
  Points	
  

FAA NAS Enterprise Architecture Briefing 28Federal Aviation
AdministrationJanuary 2010

2008 2009 2010 2011 2013 2014 20152012 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 20262006 2007

OI [102118] Delegated Responsibility for 
Separation

Initiate Trajectory Based 
Operations

Tactical Trajectory Management 
Capability

Reduced Oceanic 
Separation–3miles

Sample OI/Capability to Sub-capability to Infrastructure Roadmaps Mapping

Etc.

Infrastructure Roadmap

Solution Set Capabilities / OIs

Etc. Etc.

Etc. Etc. Etc.

OI [102108] Oceanic 
In-Trail Climb and 
Descent

Tactical Trajectory Management

Reduce Horizontal Separation Standards - 3 Miles

NextGen Oceanic Procedures

Separation Management

Separation reduction 
- 50 longitudinal miles in 
Anchorage Oceanic airspace 

ADS-B in Gulf Of Mexico

50 nmi Lateral 
Separation in WATRS

Sub-Capabilities

Ops Benefits

Functions

Programs

Image credit: FAA NAS Enterprise Architecture Federal Aviation Administration,  
Jesse Wijntjes / NAS Chief Architect April 28, 2010  
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To	
  Realize	
  Benefits	
  the	
  Transforma)on	
  
Requires	
  Integra)on	
  Across	
  Domains	
  

What’s so Challenging? 
 

Success only occurs here. 

Air Navigation 
Service Provider 

Infrastructure 

Aircraft 
Capabilities 

Airports 
Infrastructure 

Data 
Communication 

Automatic  
Dependent  

Surveillance  
Broadcast  

(ADS-B)  
 
 

System Wide 
Information 

Management 
(SWIM) 

Example of Program Dependencies  
for Capability 

Inspired by Ron Stroup,  
Chief Systems Engineer for Air-Ground Integration 
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Part 3: 
 

Objective, 
Approach,  

Expected Analysis Outputs 
& 

Analysis and Modeling 
Framework 
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Objec)ve	
  Statement	
  from	
  Kickoff	
  Mee)ng	
  

•  Develop	
  a	
  modeling	
  and	
  analysis	
  framework	
  to	
  enable	
  a	
  process	
  for	
  managing	
  
decision-­‐making	
  that	
  occurs	
  when	
  capabiliAes	
  must	
  be	
  integrated,	
  deployed	
  
and	
  acquired	
  asynchronously	
  
― Analysis	
  and	
  Modeling	
  Framework	
  for	
  Asynchronous	
  IntegraAon	
  and	
  
Deployment	
  (AMF4AID)	
  

― Predic)ve	
  Model	
  for	
  Es)ma)ng	
  Cost,	
  Schedule,	
  Benefits,	
  with	
  
Visualiza)ons	
  of	
  Probabilis)c	
  Risk	
  to	
  aid	
  in	
  decision	
  making	
  

Modeling	
  Framework	
  
for	
  Decision	
  Making	
  at	
  

Enterprise	
  Levels	
  

QuanAtaAve	
   QualitaAve	
   Hybrid	
  

Cost,	
  Schedule,	
  &	
  Benefit	
  
predic)ons	
  

Risk	
  calcula)ons	
  

Factor	
  impacts	
  on	
  prac)ces	
  

Support	
  FAA	
  Acquisi)on	
  
Management	
  System	
  (AMS)	
  

Which capability? 
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FAA	
  Problem	
  Statement	
  Summary	
  

• NextGen	
  is	
  being	
  implemented	
  through	
  a	
  Ame-­‐phased	
  series	
  of	
  
OperaAonal	
  Improvements	
  (OI),	
  each	
  of	
  which	
  is	
  broken	
  down	
  into	
  a	
  
series	
  of	
  OI	
  Increments	
  (aka	
  FuncAons)	
  

•  AcquisiAon	
  of	
  each	
  FuncAon	
  is	
  defined	
  in	
  a	
  “scenario”	
  that	
  has	
  a	
  
predicted	
  cost,	
  schedule,	
  benefit,	
  and	
  risk	
  

•  In	
  pracAce,	
  scenarios	
  don’t	
  play	
  out	
  as	
  originally	
  planned	
  
― E.g.,	
  technologies	
  mature	
  more	
  slowly	
  than	
  expected	
  

•  Scenarios	
  ohen	
  have	
  mulAple	
  dependencies	
  
― It	
  is	
  ohen	
  difficult	
  to	
  understand	
  the	
  relaAonships	
  between	
  scenarios	
  
― Even	
  more	
  difficult	
  to	
  understand	
  implicaAons	
  of	
  changing	
  one	
  or	
  more	
  scenarios	
  

•  This	
  research	
  will	
  develop	
  a	
  model	
  that	
  helps	
  decision	
  makers	
  beqer	
  
understand	
  the	
  relaAonships	
  between	
  scenarios	
  and	
  to	
  beqer	
  predict	
  
the	
  effect	
  of	
  changing	
  them	
  
― This	
  should	
  aid	
  in	
  their	
  selecAon	
  of	
  the	
  best	
  series	
  of	
  scenarios	
  to	
  implement	
  
capabiliAes	
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Framework	
  Predicts	
  Risk	
  using	
  Bayesian	
  Networks	
  
That	
  Combine	
  Quan)ta)ve	
  and	
  Qualita)ve	
  Data	
  

• Tooling	
  for	
  framework	
  provides	
  probabilisAc	
  representaAon	
  of	
  
cost,	
  schedule	
  and	
  benefit	
  risks	
  that	
  enable	
  stakeholders	
  to	
  make	
  
beqer	
  decisions	
  
― Use	
  as	
  a	
  collaboraAon	
  tool	
  to	
  discuss	
  different	
  beliefs	
  on	
  risks	
  related	
  to	
  cost	
  
or	
  schedule	
  

Best case Worst case 
Person 1         Person 2 
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Part 4: 
 

Sample Results 
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Model	
  Aligns	
  Primarily	
  with	
  CRD	
  and	
  
Investment	
  Analysis	
  Aspects	
  of	
  AMS	
  

FAA	
  AcquisiAon	
  Management	
  System	
  

Mission	
  
Analysis	
  

Concept	
  &	
  Requirements	
  
DefiniAon	
  (CRD)	
  and	
  	
  

Investment	
  Analysis	
  (IA)	
  

SoluAon	
  
ImplementaAon	
  (SI)	
  

Enterprise	
  Risk	
  Management	
  

Analysis	
  and	
  Modeling	
  Framework	
   	
  	
  

Model	
  2	
   Model	
  CRD	
  &	
  IA	
   Model	
  -­‐	
  SI	
  

We	
  Are	
  Here	
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Example	
  From	
  NextGen	
  Implementa)on	
  Plan	
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Use	
  Pull	
  Down	
  Menu	
  to	
  Select	
  Value	
  	
  
(Low,	
  Med,	
  High)	
  that	
  is	
  most	
  applicable	
  

• QuanAtaAve	
  data	
  not	
  shown	
  here	
  or	
  
needed	
  to	
  assign	
  factor	
  values	
  

• What	
  point	
  in	
  Ame	
  –	
  before	
  FID	
  (IARD,	
  IIA)?	
  

Operational Improvement Increment (OII) 

Factors (by Category) 

Menu for selecting  
factors value (L, M, H) 
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Collec)on	
  Spreadsheet	
  has	
  Factor	
  Guidelines	
  
on	
  Factors-­‐Meaning	
  Defini)on	
  Worksheet	
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Qualita)ve	
  Factors	
  Map	
  to	
  Nodes	
  in	
  Model	
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Collabora)ve	
  Air	
  Traffic	
  Management	
  
Poreolio	
  Example	
  

• Two	
  subject	
  maqer	
  experts	
  who	
  regularly	
  aqend	
  porsolio	
  
management	
  reviews	
  provided	
  factor	
  inputs	
  to	
  a	
  number	
  of	
  OIIs	
  

• What	
  does	
  the	
  informaAon	
  show:	
  
― Difference	
  in	
  beliefs	
  for	
  XX	
  suggest	
  potenAal	
  schedule	
  difference	
  of	
  more	
  
than	
  3	
  months	
  

― EsAmate	
  for	
  YY	
  is	
  close	
  –	
  stakeholder	
  beliefs	
  align	
  

XX 
Best case Worst case 

YY 

Person 1         Person 2 

Best case Worst case 
Person 1         Person 2 
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Improved	
  Surface	
  Poreolio	
  Example	
  

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

Opera)onal	
  Improvement	
  Increments	
   Mean	
  

SituaAonal	
  Awareness	
  and	
  AlerAng	
  of	
  Ground	
  Vehicles	
  

27.4	
  

32.0	
  

34.6	
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Time-­‐Based	
  Flow	
  Management	
  Poreolio	
  
Example	
  

• Maximum	
  difference	
  more	
  than	
  8	
  months	
  for	
  OperaAonal	
  
Improvement	
  

Opera)onal	
  Improvement	
  Increments	
   Mean	
  

Extended	
  Metering	
   32.1	
  

Arrival	
  Interval	
  Management	
  Using	
  Ground	
  AutomaAon	
   25.3	
  

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

33.9	
  

Integrated	
  Departure/Arrival	
  Capability	
   34.1	
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Model	
  Aligns	
  Primarily	
  with	
  CRD	
  and	
  
Investment	
  Analysis	
  Aspects	
  of	
  AMS	
  

FAA	
  AcquisiAon	
  Management	
  System	
  

Mission	
  
Analysis	
  

Concept	
  &	
  Requirements	
  
DefiniAon	
  (CRD)	
  and	
  	
  

Investment	
  Analysis	
  (IA)	
  

SoluAon	
  
ImplementaAon	
  (SI)	
  

Enterprise	
  Risk	
  Management	
  

Analysis	
  and	
  Modeling	
  Framework	
   	
  	
  

Model	
  2	
   Model	
  CRD	
  &	
  IA	
   Model	
  -­‐	
  SI	
  

We	
  Are	
  Here	
  

Some	
  Different	
  Factors	
  for	
  the	
  other	
  Phases	
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Solu)on	
  Implementa)on	
  Phase	
  Model	
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Comparison	
  of	
  Predicted,	
  Actual,	
  and	
  Planned	
  
Schedule	
  over	
  Many	
  Releases	
  	
  

Model Prediction 
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Conclusions	
  

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

• We	
  are	
  developing	
  and	
  refining	
  a	
  modeling	
  and	
  analysis	
  
framework	
  to	
  enable	
  a	
  process	
  for	
  managing	
  decision-­‐making	
  	
  

• Framework	
  helps	
  stakeholders	
  understand	
  cost,	
  schedule,	
  
benefits,	
  and	
  risk	
  tradeoffs	
  

• Approach	
  will	
  improve	
  the	
  accuracy	
  of	
  schedule	
  and	
  cost	
  
predicAons	
  (and	
  reduce	
  the	
  variance)	
  

• Bayesian	
  networks	
  combine	
  quanAtaAve	
  with	
  qualitaAve	
  expert	
  
judgment	
  to	
  capture	
  and	
  leverage	
  causal	
  relaAonships	
  about	
  
“Peoples’	
  internal	
  knowledge	
  that	
  is	
  not	
  captured	
  externally	
  or	
  
formally”	
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Thank	
  You	
  

• For	
  more	
  informaAon	
  contact:	
  
― Mark	
  R.	
  Blackburn,	
  Ph.D.	
  
― Mark.Blackburn@stevens.edu	
  
― 703.431.4463	
  


