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Abstract

Everything you always wanted to know about Affordability ...

... but were afraid to ask 

 The term “Affordability” means different things to different people, depending upon one’s 

employer, organization, function, background, etc.  The term has morphed over the 

years - expanded or narrowed - based on one’s viewpoint.  During ICEAA’s OEM-COG* 

discussions on Affordability, diverse opinions were revealed.  We will present various 

interpretations & implementations of Affordability from multiple perspectives, provide 

historical background, and explore how the community can clarify, standardize, and 

promote the concept of Affordability.
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* OEM-COG: Original Equipment Manufacturer’s Cooperative Opportunities Group
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Outline
What does Affordability mean to YOU?

 Definitions & Terminology

 Affordability Process from a Systems Engineering Perspective

 Affordability Analysis / Trade Studies

 Examples of Affordability on Programs

 How to Promote Affordability

Wrap up

Let’s learn about what Affordability really means!
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What does Affordability mean to you?

From Industry webinars on Affordability 
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Affordability Definitions across the Spectrum
Industry – Professional Societies

 Affordability is the balance of system performance, cost and schedule constraints over the 
system life while satisfying mission needs … 1

 Affordability is the practice of ensuring program success through the balancing of system 
performance (KPP*s), Total Ownership cost, and schedule constraints while satisfying mission 
needs in concert with long-range investment, and force structure plans of the DoD 2

 Affordability means being cost efficient in executing a program, from beginning to end ... getting 
the most bang for the buck  (Little “a”) 3

 Affordability is the degree to which the capability benefits are worth the system’s total life-cycle 
cost and support DoD strategic goals 4

General - Dictionary Definition

 The state of being cheap enough for people to be able to buy 4
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Balancing the cost and “other considerations”

1 – INCOSE 
2 – NDIA
3 – MORS Aff WG
4 – DAU/DAG
5 – Cambridge dictionary

*KPP = Key Performance Parameter
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Affordability Perspectives from OEMs

Presented at ICEAA’s OEM COG Webinar on Affordability – April 2021
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Supply Chain Affordability Perspective
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Does Cost Cutting = Affordability?          

... steps ... OEMs can take to
– improve their overall supply-chain performance, 
– meeting customer expectations for affordability 
– while still generating attractive margins.

costs ?

and profit

Government and civilian customers are emphasizing 
affordability rather than sophisticated features.

performance
willing and able to pay

Does Cost Cutting = Affordability?   ...    If balanced with “other things”
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Business Operations Perspective
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Business Operations – Budgetary Planning – Program Management

Investment
Source A

Make
Risks

Pay up front
Estimates

--- ROI
--- Source B
--- Buy
--- Opportunities
--- Save Later
--- Actuals

OR

EACs

Risks & 
Opportunities  .

Sourcing

ROI = Return on Investment
EAC = Estimate at Completion

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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 Documentation
 Internal processes / guidance
 DOD Directives / Instruction / Handbooks
 Strategy
 Lean Principles
 Standardization
 Cost Visibility
 Cost / Risk Reduction Initiatives
 Managing/Executing to cost targets 
 Collaboration / Cross-functional Teams

▪ Cost Modeling (Life Cycle)
▪ Cost Driver Analysis 
▪ Cost Target Allocation
▪ Cost Risk / Uncertainty Analyses

▪ Cost-Performance* Trade Studies**
▪ Cost of / Value of Requirement(s)
▪ Multi-disciplinary Design, Analysis & Optimization
▪ Digitalization / Model-based Systems Engineering 
▪ Value Analysis
▪ Reverse Engineering / Teardown

Via Management & Execution

* Performance ~ Utility ~ Value
** Cost As an Independent Variable (CAIV), Design to Cost (DTC)

Via Modeling & Analyses

Affordability Analytic & Management Approaches

“Affordability is not only an engineering problem; it is also a policy and management problem.” 1

EARLY in the life cycle During EXECUTION phase 

1 - DESIGN FOR AFFORDABILITY IN DEFENSE AND AEROSPACE SYSTEMS USING TRADESPACE-BASED METHODS - Marcus Shihong Wu
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Outline
What does Affordability mean to YOU?

 Definitions & Terminology

 Affordability Process from a Systems Engineering Perspective

 Affordability Analysis / Trade Studies

 Examples of Affordability on Programs

 How to Promote Affordability

Wrap up

Affordability from a Systems’ Engineering Perspective
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Affordability Process (from a Systems Engineering Perspective) 
 Start with a Generic Trade Study Process

Affordability Analysis is part of Systems Engineering Trade Studies

Document Technical 
BL Assumptions

Determine methods 
& tools

Analyze and assess 
alternatives

Identify 
Alternatives

Report results

Develop evaluation 
criteriaUnderstand 

Requirements

BL = Baseline
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Affordability Process (from a Systems Engineering Perspective) 

Generic Affordability Trade Study Process

Understand 
Requirements

Document Technical 
BL Assumptions

Determine methods 
& tools

Develop evaluation 
criteria

Analyze and assess 
alternatives

Identify 
Alternatives

Report results

Identify Gaps

Develop BL LCC 
Model / Estimate

Identify Cost Drivers

Identify  Afford-
ability Initiatives

Recommend “Best 
Value” Option

Determine  Afford-
ability Targets

Conduct Integrated  
Cost/Perf Trades

Generic Affordability Trade Study Process

??

Too expensive?
On schedule?
Mature TRL?
Meet requirements?
Qualified Suppliers?
. . .

 Start with a Generic Trade Study Process

 Add in the Affordability Analysis steps

Cost

Pe
rf

or
m

an
ce

 *

Trade Space   

Best Value Concepts              

   

BL = Baseline
LCC = Life Cycle Costs
TRL = Technology Readiness Level
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Typical Cost Per Life Cycle Phase

Consider Design Impacts on the Entire Life Cycle

 Life Cycle Cost Modeling
– Analyzing impacts of decisions on cost
 Across the entire life cycle
 Limited to one phase?

Boeing Research & Technology  13

$
Research  
& Development

Production

Operations 
& Support 
or Services

Phase
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Life Cycle Cost Impact 

Early phases provide largest opportunities to reduce Life Cycle Costs
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Early Concept Design &
Development

Production &
Deployment

Operations & 
Support / Services

Disposal
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Life Cycle Cost Estimating Methods

Recommended LCC Modeling Methods depend upon the life cycle phase and scope

Scope range from Entire Platform to Detailed Components
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Affordability Trade Space

The Cost-Performance Trade Space is multi-dimensional

 Performance can be “defined” in many ways
– Physical Attributes

 weight, volume, material, ... 
– Functional Capabilities

 Platform range, speed, ...
 Payload sensor resolution, # passengers, ... 

– Producibility Measures
 Manufacturing rate, utilization, safety, ... 

– Operational Factors
 Reliability, repair-ability, maintainability, ...

– Support or Services
 Availability, spares, ...

– Plus more

Cost

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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Affordability Trade Studies and Analyses

Modeling, Simulation, & Analysis enhances Affordability Trade Studies

 

Point Design 
Evaluations

Trade Space 
Evaluations

Lifecycle Cost

Cost

Pe
rfo

rm
an

ce
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Outline
What does Affordability mean to YOU?

 Definitions & Terminology

 Affordability Process from a Systems Engineering Perspective

 Affordability Analysis / Trade Studies

 Examples of Affordability on Programs

 How to Promote Affordability

Wrap up

Affordability across the Life Cycle
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Affordability Analysis Examples per Phase

19

My Affordability Experience

Early Concept Design & Development Operations & SupportProduction & Deployment

T-7A Airplane Development

GPS Apache Attack Helicopter
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Boeing T-7A Advanced Pilot Training

6

Flexible for Future Growth

Purpose Built – Support

 Designed for the maintainer
 High wings
 Easy reach access panels
 Fewer / common fasteners
 Modular seat maintenance
 Easy seat changes
 Quick engine changes

Purpose Built – Ground 
Based Training

 Highly immersive training
 Offload skill development
 Complete advanced training solution
 Embedded training

Purpose Built – Aircraft

 Designed forAETC
 Advanced cockpit
 Stadium seating
 Fighter-like performance
 Safe, stable, fly-by-wire controls

Return

AETC = Air Education & Training  Command

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



Copyright © 2022 Boeing. All rights reserved.

GPS – Global Positioning System
 Space and Ground Systems
 Detailed life cycle cost modeling
 Cost Risk Analyses
 Trade Studies

Baseline LCC Model imperative to conduct cost-performance trades

ReturnPresented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022



Copyright © 2022 Boeing. All rights reserved.

Airplane Development
 Affordability Analysis Integrated into  the

Model-based Engineering (MBE) Environment
– To inform design decisions of affordability impacts
 Early on and in a timely manner
 And in a connected, integrated environment

 Machine Learning Methods for Logistics Analysis
– Random Forest Prediction to predict freight costs
 to determine best locations for manufacturing

Focusing on the Overall Best Value (and the Bigger Picture)

ReturnPresented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjfxY3soqbLAhUG7GMKHcaSB3UQjRwIBw&url=http://rprogramming.net/&psig=AFQjCNGYSszZPADrDcfWNCbiwGBGDxhIsw&ust=1457154810532721


Copyright © 2022 Boeing. All rights reserved.

Apache Attack Helicopter – AH-64
 From the early 80s

– AH-64A through the AH-64E v6
 More than 2000 produced
 Over 1200 in operation today

– In ~15 countries

 Affordability Trades for Block Upgrades & Spares 
– Assembly / Part level
– Manufacturing efficiencies
– Reliability / Maintainability / Safety
– Supplier Sourcing & Efficiencies
– “Optimal” Cost Modeling & Analyses
– Bottom-up & Top-down methods
– Teardown analysis

Affordability Trades and Methods depend upon the objective

Life CyclePresented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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Outline
What does Affordability mean to YOU?

 Definitions & Terminology

 Affordability Process from a Systems Engineering Perspective

 Affordability Analysis / Trade Studies

 Examples of Affordability on Programs

 How to Clarify Affordability

Wrap up

What DOES Affordability mean?
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 Understand Customer 
Requirements

 Perform Competitive / Market 
Analysis 

 Explore Trade Space
 Develop Baseline Lifecycle

Cost Models
 Determine Affordability 

Strategy

 Optimize O&S 
 Implement Lean principles
 Standardize Work
 Perform CRIs

 Perform Cost-Performance Trades
 Optimize Design 
 Optimize Production
 Identify Risk, Issues, Opportunities
 Establish Affordability Initiatives
 i.e. Cost Reduction Initiatives (CRIs)

How to Promote the Concept of Affordability (Example)

Describe Affordability Efforts Across the Life Cycle

Pre-Systems Acquisition Systems Acquisition Sustainment

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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$

Phase

Life Cycle Cost 
Modeling

Trade Studies
Cost

Affordability Umbrella                                       (Example)

Describe Affordability as an Umbrella of activities – all of which contribute to Affordable Products

OR

EACs

Risks & 
Opportunities  .

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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Wrap up
 Affordability means different things to different people

– depending upon their employer, organization, function, background, ...

 Affordability Analysis can vary

– depending upon phase of life cycle, methods, and objective

 Challenge for the Affordability Community

– We all use the same terms but don’t necessarily mean the same things

– There are many nuances as evidenced by the plethora of definitions

– If we can’t decide on common definition

Make sure others understand what YOU mean by Affordability

 And how it fits in with a broader perspective

Define what YOU mean by the term “Affordability”

Presented at the 2022 ICEAA Professional Development & Training Workshop: www.iceaaonline.com/pit2022
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Who we are
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