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EXECUTIVE SUMMARY

This guide is intended to provide system stakeholders with an understanding of Systems
Engineering (SE) processes and products used during the earMi{pstone [MS] A)stages of
theacquisition praess It describes how each SE process and product contributesevehtial
delivery of a system with the desired capabilitigsether a new program start or a modification
or upgrade to a legacy system

CapabilitiesBased AssessmerntBA) is theamalytic basis of thdoint Capabilities Integration
and Development System (JCIDS) proceletailed inthe J8 JCIDS ManudgFeb 2009) JCIDS
is responsible for identifying, developing, and validating all joint defeeted capability
needdo be satiséd by future systemsCBA/JCIDSbeginsan incremental refinemeptocess
thatculminates in the start of the DoD 5000 (@&c 2008)cquisition life cycle aa Materiel
Development Decision (MDD); this is followed biye entry of two or moreconcepsinto an
Analysis of AlternativesAoA), and the eventual selection oPeeferred System ConcegSQ.
Subsequenpre-acquisitionactivities develop the detailed technical requirements fosyseem
based on thPSC and begin to identifyhe activities, dta, and personnel needecegiablisha
technologydevelopmen(TD) effort after the MSA decision

SE in concept development must parallel user discussions of candidate materiel approaches, and
must also involve all stakeholden expandednowledge bse before MDD provides:
e More robust and consistently defined concepts for consideration in A0As
e Better PSC maturation thru M&
e Better requirements definition and risk assessmiargspport of MS A and B decisions,
and for technical efforts during tAid® phase

Thisinitial releaseof theEarly Systems Engineeringu@le focuses on SE efforts prior to the
AO0A, and identifies key activities and products of pAsiA efforts Subsequent updatesl|
flesh out this preMS A content, and will addres®y ekements of planning fahe more
extensiveSE activitiedn the TD phasbéetween MS A and B.
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1. Introduction

Most military assets, from higprofile major weapon systems to behitid-scenesusiness and
informationsystems, now remain in iewtory for a life cycle far exceeding what acquirers and
designers anticipated. Modernization and acquisition dollars are deferred to accommodate more
operations and maintenanegpenses incurred lpntinued use of thesaing systems and
equipmentcostand schedulessues on many prograpend lowerthanexpectedgerformance
capabilities of delivered systentgvefurtheraggravated the situation.

Strategic investmerdecisionamust rest on solid data abdbe potential applications of

technologies, awell as the technologies themselves. Smart andinfgimed decisions on

which technologies to pursue as concepts, and then on which concepts to follow through as a
small number of acquisition programs, should reflect a realistic and integrated assedsthent
critical factors. The knowledge base used to inform these decisions should be developed using
systems engineering (SE) fundamentals, just as these same fundamentals will be applied later in
the life cycle to transform requirements into design sohst Consistent process application,

sound technical planning and analyses, and rigorous andla@limented trade studies will

yield essential information for decisianakers at all stages.

The 20068Defense Acquisition Performance AssessmB#tFA) Project Report Survey Results
showed that requirements instability was the most mentioned problem area, followed by funding
instability and technology maturity. A significant majority (96 percent) of respondents cited at
least one of these three areas asoalitio maintaining program cost, schedule, and performance.
Another strong and recurring theme among those surveyed was the essential need for all
stakeholder$ in particular, the requirements, test, and acquisition commuiitieagree on a
baseline equirements set and the verification plan prior to contract award. The report also
stresses that the greatest trade space, and thus the largest risk reduction opportunity, exists
between Milestones (MS) A and B. Although DoD places most program foddSd an

integrated balance of technology maturity, system capability, cost, and program risk is not being
agreed to prior to program initiation. Thus, programs frequently come into existence facing
excessive cost, schedule, and performance risks.

Requirenents must be expressed with completeness and accuracy to minimize costly and time
consuming changes during the development process. One way to obtain these qualities is to
analyze the needed capability eaagbociatedonstraints in the context of the cempt of

operations and the characteristics of the operational environment.

Examination ofaninitial capabilityneedsstatement allows developers to identify a relevant
operational context, and to craft appropriate Measures of Effectiveness (MOE) fomastess
military utility of each concept as it comes forward. They also begin to populate the technical
knowledge base with documented ground rules, assumptions, and constraints (technical,
operational, and programmatic) as the operational and functiboed@ons progress to a point
where concepspecific Measures of Performance (MOP) can be identified.

In laboratories, academia, and industry thousands of technologies are being developed and
matured. Hundreds may have some expected military utilitg; neay be actually able to address



well-articulated needs or capability gaps. A robust and comprehensive methodology to winnow
the -Bblyoei deas down to possibilities, and ther

Architectures and concepts are ¢eehor invented based on an understanding of the state of the
art in both desigandtechnology, and the awareness of the state of the possible in technology,
followed by assessmeswf responsiveness to operational requirements and constramesy.
canrange from upgradeor evolutiors of existingassetso completely nevsystens and

equipment, and generally include elements of eAtthibutesmust be assessed and balanced
with respect to parameters such as effectiveness, cost, schedule, risk, andnarglpotential

this is a key element of the Analysis of Alternatives (AoA) that selects a Preferred System
Concept (PSC).

Balance between effectiveness, cost, and other factors can usefully inform the work of operators
andusers, leading to a statenier capability needs that can be affordably and feasibly satisfied.
It is important in selection of concept or design parameters in the tradeaspacgtechnical
requirements corresponding to the threshold needed capability and the obj8atiaasealso
impacts the selection of design margins to ensure that the needed capability is achieved in the
final delivered systemiVhile this clearly occurs during detail design activities after formal
program initiation, sch marginglsoapply to the differene between the technical requirements
and the predictions of effectiveness for a given design concept or design approach. Other
importantmarginsthatmustalsobe balanced apply to the difference between predictions of
worstcase environments and the teiclhconstraints imposed on and subsequently met by the
design.Predicted or estimated costs should be compared with affordability goals or constraints.

Analyss may show that some aspect of a needed capability is not achievable at low risk, that the
costmay be unaffordabler thatthe schedule (to, say, mature a needed technology) is
unattainable. To guide each iteration and tradeoff aimed at achieving initial baselines, and then to
determine potential impacts and benefits of changes that are subsgguemntised, it is
essential to maintain a record of the basis for each decision made in developing and maintaining
each baseline. This decision database typically contains:
e The SE program foundation
e Each of the system baselines and the functional artinte¢or other logical
representation)
e lteration/trade study results including assessments of cost, schedule, risk, and
evolutionary growth potential and analytic techniques applied
e The chronology of decisions and implementing actions
e History of changesicluding approval authority and rationale

SE in concept development must parallel user discussions of candidate materiel approaches, and
must also involve all stakeholden expandedknowledge base befotke Materiel
Development DecisiorMDD) provides:
e More robust and consistently defined concepts for consideration in A0As
e Better PSC maturation thughMS A
e Better requirements definition and risk assessmarggpport of MS A and B
documentation andecisions, and for technical effodsch as techology maturation,
prototyping, etc. that occwuring the BchnologyDevelopmenphase



1.1 Purpose

This guide is intended to be used by the Air Forceimiddustrypartnergo improve early
systems engineerin@E) efforts in the development of corpts to address capability gaps or
exploit new technologies.

1.2Background

Air Force Instruction (AFI) 631201 ,Life Cycle Systems Engineerjrgpverns the use of SE

across the Air Force. Para. 1.1.1 oves the AFI
comprehensive planning, management, and execution of rigorous technical efforts to develop,

field, and sustain robust products and systems. Application of SE fundamentals must begin with
concept inception, and must cover all efforts across all lifeegyfeases, to include sustainment

and disposal, for all Air Force products and ¢

SEcollects coordina¢s,andensuredraceability of all stakeholder needs into a set of system
requirements through a balanced prodkastakes into account efféeeness, performance, cost,
scheduleand risk.Early SEpr ovi des an audit trail from the u
through concept selection, higevel system requirements refinement, and documentation of
development plans.

Numerous studies andports (most recently from the Government Accountability Office [GAO]

and t HdesttnPAandEarhlPhase Systems Engineeringo stud
National Research Council [NRC]) have documented the neaptdater emphasis on $tthe

earlystages of capability planning and system acquisittogure 1.1 depicts the acquisition life

cycle per DoDI 5000.02, Dec 200@/4ilestonereviewsfor DoD space programs governed by

National Security Space policy and guidadoenot align exactly with the @I 5000.02

timeline,and the phase names differ slightly

(Program Initiation)
/B‘\ /E\ /:\ 10C FOC

Matenel Engineering and -
Solutions Technology Manufacturing Production & Operations &
Analysis Deployment Support
| Development Development LRIP / IOT&E e PP
aLare ™, Post-PDR Post-CDR For
3ev=asll%|::1m ent \M/Asgsessm ent As‘;:ssme nt RDS‘('ilélwon
Pre-Systems Acquisition Systems Acquisition nm

i
A Milestone Review <> Decision Point /' Decision Point if PDR is not conducted before Milestone B

Figure 1.1 DoDI 5000.2 (Dec 2008) acquisition life cycle.

Application of SE to activitiebefore andluring the Materiel Solutions Analysis phase (Materiel
Development Decision [MDD] through M&) assists in thé&ranslaton of capability need

statements into requirements, prior to using traditional SE to develop design solutions from these
requirements. The process is functionally almost identical to classical piffodused SE; the

primary dstinction is that it starts with a capability need rather than a defined requirement. It

also produces few if any tangible physical output products beyond artifacts stofcapt data
packages andecision documents for the technical knowledge base th&ndalifference, almost
axiomatic, is that this early instantiation of SE is primarily an organic activity: while

under standing fAithe realm of the possibleo in i
community-acquirers, operators, testers, maiméas, technical specialists, and budgeters, to

name a few key membershould not look at specific solutions early in the life cycle.
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Figure 12 depicts the firstwo segmentslt is important to note thseignificantoverlap or

concurrencybetweenCBA/JCIDS and thd&rade Space Characterizatiphaseof CER

nomoy M\ s1ag uonnjos *
uonezuajaeieyd ajepipued Y =~
)daouo) u =
sauno i
uoneaLIB A Ul W sashjeuy
GOk o Sk N aLo9 || Mowi0ida® |UOJIRZIIS]ORIRYD
mmm\:mzq JSIY [ SSUBAIBIBYT 350D ; soedg aped| moQO. apel]
onewwelboid ' e
uoneaIylIe e T v sapsiRIeIRY)
M3lAay mucmsm.“svwm | s3us walinbay
sidasuon
jeuld Emﬂmmfm& | sisAjeuy
Ringede) jjessA0 T , Eﬁ_m_m_ﬁ__m%o
eroaddy Jioday paadoid 0}
asea|ay voy-ald « uonezuoyny
ue|d Apmg = sindutsapo » L
Yoy 1yelq . (s)|epdoys —— |
ardod - Apqedey « ———
\l‘ aaueping
Apmsyo
oy ueld pms yoy

Apms voy

/

§53204d V89 m&&.\_




1.3 Organizational Roles

CBA/JCIDSinitiates theearly SEefforts This process is owned by the usprgsponsoring

Major Command MAJCOM), whichleads team effort® identify any capability shortfalls,

scope the &rde space necessary to develop conceptual solutions, and identify potential solutions.
The acquiring command, led by thencept development (typicallR) organizations, provides
technicalsubject matter experts (SME) assist thtMAJCOM,; Air Force Resarch Laboratory

(AFRL) alsoassistsn identifying the projected availability akechnologies to help overcome the
capability shortfalls. Th&1AJCOM is responsible fosubmiting JCIDSdocumentationall

team member organizations participate in develograesupporting material and neviews.

As the JCIDS and Tradespace Characterization processes approach the transition to Candidate
Solution Sets Characterization, tsgonsoing MAJCOM will typically turn over leadership to

the acquiring command. An X&ganization or program officeadrewill usually assume

leadership, with AFRL providing support. It is still necessary for the MAJCOM to have an

active role, as they are the only organization that can interpret their requirements and approve
any changedghey also advise on whether a potential solution can or will be furidedng this

stage, lhelead acquisitiororganization is responsible for completing documentation and

preparing foranyrequired reviewsFigure 13 shows typical relative levels effort for the
organizations.

i! :I AoA
- ICIDS outputs ; = 0
=—— B ! - CCTDs

= Draft AoA 1
Study Plan Release
= Pre-AoA Report * Approval
[ | GOverall Capability |
Assessment

3

Verification
>4

Cost/ Effectiveness / Risk
Al}alyges; Acquisition

- Capability shortfalls Authorizati Orll
s * to Proceed

Capability
Decomposition /

Final
Concepts
Review

Requirements /
Characteristics
Exploration & Synthesis

Ll Trade Space
L Trade Space & Exploratory

Spa Programmatic
= Characterization Analyses

Analyses

Analysis ‘ ’
r a )
Candidate Concept
Solution Sets r\ Characterizatjon

Selection W

o

Architecture Key Subsystem

Characterization I Characterization

cf,':.i;i;',,s : Candidate Solution
Review Characterization Sets Characterization
AFRL
x "/
XR

MAJCOM PR

(using command)

Figure 13 Relative levels of efforduring CER

The MAJCOM roleincreasesluringthe Progranmatic Analysigohasen preparation for
chairing the AoA Study TeamWhile theacquiring commandtill has the leadandAFRL
continuesto provide research suppplobthmust work closelywith theusing commando ensure
thatthe concept solutions satisiJAJCOM requirements and meet user expectatiohgain,
thelead acquisitiororganizations responsible for completing documatibn and preparing for
required reviews.



The usingMAJCOM provides the following expertise:

e A planning organizatigrtypically A5 or A8, responsible for maintaining a balanced
overvi ew of t h+devebstragegiasituateon. it ensutesthdtofahe
systems used by its operational (using) agencies $gstems of system&09 thatwork
smoothly togetheto meet the current and future strategic needs of the organization.
Measure®f Outcome (MOO) usually come from a strategic agency pdiwisov.

e An operations organizatiomypically A3, responsible for higlevel system requirements,
starting with operational requirements. This includes system usage scetheriGsncept
of OperationsCONORS), and training. It must work with strategiceries to ensure its
current and future capabilities adequataligiresstrategic needendmust collaborate
with otheroperating agencies to providepropriateobustnesgcapability overlap The
Operatonspoint of viewis generally the source fdeasuresof Effectiveness (MOE),
and mayalsoprovide ®me toplevel Measures of Performan¢®IOP).

e A sustainmem planning organizatiartypically A4, responsible for insuring that field
supportability issues are properly addressed and integrdatethe oveall logistics
support structure. Supportability MQBuch as reliability, maintainability, and training
concerns come fromsustainmenviewpoint.

¢ An Intelligenceorganizationtypically A2, responsible for timely information regarding
current and futureapabilities and intentions of potential adversaries. Adversarial
capabilities usuallgrive the establishment sf/stem requirementsd., MOPS)
sufficient to circumvent or defeat them.

The acquiring command providthe following expertise:

e A developmat andacquisitionorganization, typicall)XR, responsible for translating
high-level system needs into more detailed systewel information.With the help of all
stakeholdergheygenerate and analyze alternative system concaptiprovide
balanced stimates of effectiveness, performance, cost, schealuterisk toassisthe
stakeholder@ selectng preferred concepts. Risk estimates include assessing the sampact
of implementingnew technologgs Once a system concept is selectbéacquiring
command generally establishes a program officeviersee development, procurement,
deployment, and continudidie cycle evolution of the systemThe conceptdevelopers
and analystprovide key elements of the technical knowledge base to this program cadre,
and should remain available poovide supporting technical and programmatic ratienal
throughout thesystemlife cycle. Mosttechnical requirement$OPs) come from
concept and systedevelopmenbrganizations

e A technologyorganizationtypically AFRL, working with acquisition organizations to
ensurethat relevant technologies are considered, and thattieegompatible witlthe
desired time frame arekpressed acceptabisk levek. They cansuggest new
approachemadepossible by emerging technolegi as well as technologies that will
i mprove or enhanc e oerfermnantemabireduce itsfcastcTtheyv e n e s ¢
are also responsible for estimating theks anduncertainties associated with new
technologesand, in conjunction with systemmalysts, help assess thempacs.

Conversely, they will gain insight astiger/operatoneeds and will be able to better
focus their technology roadmaps.

The acquiring command will also typically arrange for contraatal usernvolvement



1.4 Continuous Capability Planning Overview

Continuous Capability Planning (CCintegrates the MAJCONed CapabilitiesBased Planning
(CBP) process and the acquisitimal Development Planning (DP) procel$ss designed as a
rigorous andterativehigh-level actvity, and isintendedto ensue thatproperly articulated
capability needs are met through developmembbéistconcepts, appropriate allocatioh
requirementsand delivered warfighting system#chieving highconfidence programs is a
result of systentacally moving from capability needs to allocation of functions to systehhe
CCPproces®nsuresinkages between system and operational requiremenésldressed,
understoogdandmaintained

Ideally, AF requirements determination/validatina disgplined procesghatstarts with
warfighteridentified capability needs and shortfatisming out of JCIDS anthe Capabilities
Review and Risk Assessment (CRRA) procdssnvolvesall operational, materiel command,
and supporting stakeholdees)d reslis in materiel solutions being identified, designed, and
delivered to meestatedcapability needs and shortfallsth speed and credibility

The CCP(CBP and DPeffort includessupport othe CRRA,CONOPS development,
technology assessments, conceptelopmentsandsolution analysesProperly executed, CCP
will inform the decisiormaking process to bomabldaunching highconfidence programs and
eventuallyverify thatthe fielded systems addrestatedcapability need A critical aspect of
CCPi s the materi el c¢ oniBRpratesghbegmmng with supportto o n
development of the Initial Capabilities Document (ICD)addition toreacting tadentified
capability gapsthis also involvesising forecasts of technology availalyilib proactively
anticipat gaps and opportunities. C@$structured t@nsure integration ahultiple

acquisition, sustainment, atechnology transition perspectives during development of
prospectivemateriel solutions.

CCP provides strategic frameork in which MAJCOM, CRRA and other capability needs are
translated into actionable materiel solution sétsncludes, among otherg)e following efforts
e Synchronizes planning via materiel solutions that fulllidatedcapability needs

through aSystem of Systems (SoS) strategy
e Supports definitions of future capability needs and operational requirements
e Defines and evaluates SoS alternatives concepts
e Sponsors trade studies that define effective, achievable system requirements
e Assesses technologyaturity and risk drivers
¢ Identifies sustainment and life cycle cost issues
e Defines preferred concepts
e Develops executable acquisition strategies
e Assesses delivered vs. planned SoS capabi(t@#inuous capability assessmjent

As a capability need ibeing identified and characterized, concept generadictivitiesinvolve
identifying and analyzing theperationatontextfor which the need iarticulated Within that
context, functional needs or capabilities are decomposeaiabitecturabndsystem &ements
The process is iterated throudéfinition oflower level elemerst for various alternativeand
through a set of reviews culminatessiglection and refinement afpreferred system concept.

o

t



1.5 Systemof-Systems(SoS)Perspective

SE practicefave historically been describadthe context o single systenpsuch as an aircraft
or a munition or asatellite However, much athese discretsystems are composed of multiple
subsystemée.g.,propulsion, navigatiorglectricalpower, communicadin, etc.) they are almost
always part of larger systerfes.g.,command and control, mission planning, integrated air
defense, etc.)Suchsystens, createdor definedoy combiningnumerousndividual elementgo
provide a capabilityarecommonly callech System of Systems (SoSn the defensacquisition
environmentSoS SE ispplied when a materiel solutidar a capability need described in an
ICD cannot beorovidedby a single weapon system. The DoD Systems Engineering Guide for
Systems of Systenwdffers a more detailed discussion of SoS SE Core Elements and emerging
principles and their relationship twaditional SE processes.

1.5.1 SEfor SoS

SoS SHleals with planning, analyzing, organizing, and integrating the capabilities of a mix of
existing and new systems in&dSoS capabilityThe construct mayxombire manyinteracting yet
collaborative and autonomosgstems. The mix of systernanincludeyet-to-be-designed,

partly developed, anexisting independent systemghus individual system38SE processes

must often behanged to accommodate the unique considerations of overall SoS needs.

Development or evolution of SoS capabilsyseldomdriven solely by a single organizatidout
generallyinvolves multiple Program Executive Office (PEQ, Program Managers (PM), and
operational and support communitigghile eachndividual stakeholder group ebjectives and
organizational contextshape itexpectations with respect to the Safy onegroupmay well
have limited knowledge of the constres and development plans for tbiersystems. Rnners
may not recognizevery SoS stakeholdesr may not realize that a particutanganizatioror
groupneeds to be included in deliberatiohscontrastjndividual systenstakeholders may have
littl e interest in the SoS, may give SoS needs low priority, oramagciouslyresist S0S
demands on their system. This complicatesrtegraton andanalysstasks associated with
navigatng the plans and priorities of the constituent systems, along wathahynchronous
development schedules, saccessfullyorchestrate evolution of the SoS toward SoS objectives.

1.5.2 SoSArchitectures

The architecture od SoSis necessarily based tme SoSCONOPS it encompasses theternal
and external relationshipfinctions, and dependenciesalifthe constituent systems. This
includes endo-end functionality and data flow as well as communications. TheaBd#tecture
provides the technical framework for assessing changes neetieddanstituensystems or
other options for addressing requirements.

When beginninglevelopmentf a new systendesigners and analystantakea freshand

unencumbered approach to architecture. HoweneatevelopingSoSarchitecturs, many if not

all of theindividual constituenhsystems contributing to thrmverall capabilityobjectives are

typically in place when the SoS is establish@tiar current stateand plansreimportant

considerations indentifying options and trades to balance SoS and system negéd®astraints.

Each system and program is generally at a different point in its life cycle, with its own distinct
approach to capability evolution; therefpaecritical part oup-front SoSI e v e | ARequi r eme
Engi neer iintaréconeilé domficts aanong thestategies.Transition planning is

critical to ensuring that all constituent systems remain operationally safe, suitable, and effective

as theirdiscretecapabilitiesand their contributions to the SoS evolve concurrently



1.5.3 Interoperability and Design Considerations

Interoperability as an objective is substantially axiomatic: weapon systems, support systems, and
businesand informatiorsystems must work together to deliver a capability at the integrated SoS
level. While there is an equally selfiident corollary-- systems generally work better together
when designed to do sethe reality is that system behaviors and interactions reflect emergent
behavior in response to red@ine conditions. This may either have a positive or negative effect

on SOS performance. For the SoS to function properly, all components of the SoS must work
together to provide the desired etodend performance. Howeveince theboundaiesof any

SoS can be relatively ambiguous, iessentiato identify the critical st of systems that affect

the SoS capability objectives and understand their interrelationships. This is particularly
important because the constituent systams elementsf the SoS typically have different

owners and supporting organizational structlo@gond the SoS management.

1.5.4 SoSModeling and Simulation

Because of the characteristics of SoS, Modeling and Simulation (M&S) can be used to support
SoS SE in a number of areas. Models can be effective means of understanding the complex and
emergenbehavior of systems that interact with each other. They can provide an environment to
help the SoS SE team to create a new capability from existing systeats consider

integration issues that can have a direct effect on the operational user. M&Sppant analysis

of architecture approaches and alternatives, and can also support analysis of requirements and
solution options. If early models of tlkenstituentsystemf the SoS can be constructed and
validated, better identification of potentialgtemsis possibleat early stages of the life cycle.
Consequently, it is important to include planning for M&S early in the SE planning, including
the resources needed to identify, develop, or evolve and validate M&S to suppdeassind
Evaluation (T&), andeventual Verification and Validation (V&V)



2. Capability-BasedAssessmen{CBA)

CBA develops potential materiel and noraterial concepts to address capability gams
shortfalls or to exploit new capabilities provided by new technologisishough this phase is
primarily governed byAFI 10-601and the Joint Staff (J8lanual for the Operation of the Joint
Capabilities Integration and Development Systdrare are concepts that are developed without
being vetted initially through the JCID$qeess.

This guide is applicable for any concept no matter how developed. For those concepts that flow
through the JCIDS process, HQ USAF/A5R and the operational MAXKDMMthe lead for this
phase, with AFMC or AFSPC supporting as the Implementing Camadm The Implementing
Command roles are (AFI 1601):

e Provides core membets High-Performance TeamsiPT) as appropriate for
developmenof capabilitiesbased requirements document

e Assists the lead command in developing and preparing AoAs and perfpomi
contracting for congat studies funded by requesters

e Ensures M&S requirements are addressed within capabliitised requirements.

e Provides assistance and guidance itasnsient planning and execution

e Coordinates on all capabiltsbased requirenmes documents

A CBA flow diagramappears in Figure 2.1

Figure 2.1 JCIDS CapabiliBasedAssessmenf{CBA)

DCR = DOT_LPF Change Request (Doctrine, Organization, Training, Leadership and Education,
Personnel, Facilities),e., nonmateriel means aiddressing the capability need
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