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U.S.AIR FORCE What’s Up
= Co-Authors:

= Kevin Kemper, AFMC/EN
= Randy Bullard, AFIT/SY (CSE)
* Tony Badolato, Anteon (SAF/ACE)

= What is USAF SE ?

= Key USAF SE Interactions

= SE “V” Diagram and Applications
= Basic

» Complex System, Subsystem, and Platform
= SoS / Architecture

= Life Cycle
= Incremental Acquisition
= Next ?
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e What is USAF SE ?

Air Force Center for Systems Engineering (CSE) definition

Systems Engineering is the discipline
encompassing the entire set of
scientific, technical, and managerial
processes hneeded to conceive,
evolve, verify, deploy, and support
an integrated system-of-systems
(SoS) capability to meet user needs
across the life cycle.
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A\ What is USAF SE?
Implications for Practitioners

V"
U.S. AIR FORCE

= Breadth

= Knowledge across technical disciplines and engineering functions is
required to ensure rigorous technical processes are applied

= Must apply engineering capabilities, tools, and techniques to anticipate
issues with requirements, acquisition, test, and sustainment of AF
capabilities

= Must ensure application of SE principles to families of systems (FoS),
systems of systems (SoS), air platforms, weapons, command and control
(C2), and space systems, as well as subsystems and components

= Expertise (Depth)
= Capability, domain, or enterprise level engineering expertise

= Requires focused technical management on joint/coalition capabilities; goes
beyond standard interface engineering

= Life Cycle Perspective
= Must apply systematic processes, technical processes, and measurements
to promote mission assurance throughout the life cycle
= Must not limit scope/range with respect to requirements development,
science and technology (S&T), product/system development, or sustainment
= Operational safety, suitability, and effectiveness (OSS&E) characteristics
must be identified, maintained, assessed, and analyzed
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\ %4 What is USAF SE?
s A Management / Leadership Vision

U.S. AIR FORCE

AIR FORCE ENTERPRISE
Requirements Community ACCIUiSitiOIé{) m‘;gt:‘:il:lyExecution %I;i::::iuonl‘::;
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Architecture SoSE
(new)  Pre-Acquisition Product Sustainment S
SE (traditional) (OSS&E)
SE

Interfacing / integrating engineering and technical

“threads” with architecture development, capabilities
lanning, science and technology, developmental
? roducts |/ systems) engineering, and sustainment

INTEGRATED POLICY AND COLLABORATION REQUIRED
ACROSS “ENGINEERING PROCESS THREADS”
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Y What is USAF SE?
A Management / Leadership Vision

U.S. AIR FORCE

AIR FORCE ENTERPRISE
Operational

Acquisition/Program Execution

Requirements Community

Product ....~"
roduc - =\
iy Sustainment S
(traditional) OSS&E )
f’ )

SE
il

Interfacing / integrating engineering and technical
“threads” with architecture development, capabilities

lanning, science and technology, developmental
products / systems) engineering, and sustainment

INTEGRATED POLICY AND COLLABORATION REQUIRED
ACROSS “ENGINEERING PROCESS THREADS”
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el Key USAF SE Interactions
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U.S. AIR FORCE

RS SE “V” Diagram

Integrity - Service - Excellence 8



SE “V” Diagram Applied to a
Complex System
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SE “V” Diagram Applied to a
Major Vehicle System




*-_i:g ;—’ SE “V” Diagram Applied to a
wouoce_WW€ApPON System (Platform)

U.S. AIR FORCE

OT&E, Effective CAPABILITY
VERIFICATION /
VALIDATIO

OT&E, Suitable CONFIGURATION

PLATFORM \e—— e > e
CONFIGURATION VALIDATION

Structure
Electrical
Navigation

Sensg

Figure adapted from NDIA Modeling & Simulation
Committee Final Report to OUSD (AT&L), Mar 2004
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SE “V” Diagram with SoS and
0.5 A rORGE Architecture Perspective

CAPABILITY
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ARCHITECTURE
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System 2 - SIGINT
“~system 3 - BMC2

System 4 - PGM
System 5 - Tac. Airlift
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Adapted from Open Systems Joint Task Force

Views
0.5 AIR FORCE Architecture, SoS, and SE
Technical View (TV)

System View (SV)

Operational View (OV)

Boundary

Interactions
(Capabilities Delivery)

o

Modules Interfaces

What we buy

SV “Success Criteria”
Robust weapon systems, & all their subsystems

function properly; weapon systems can safely

operate and deliver capability in the battlespace
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Views
A )4 4 .
b5 A rORGE Architecture, SoS, and SE
Technical View (TV) System View (SV) Operational View (OV)
Interactions
Bgundary

oN

(Capabilities Delivery)

Modules

Interfaces
Adapted from Open Systems Joint Task Force

How we support and maintain it

TV “"Success Criteria”

What we buy >

Where and how it is used;

success are determined
open interfaces and industry standards [ operate and deliver capability in the battlespace |}is essentially “plug-and-fight”

where value/effectiveness/
SV “Success Criteria”
System/subsystem components functionj Robust weapon systems, & all their subsystemsj All players in the battlespace can
properly; designs reflect “plug-and-play’{{function properly; weapon systems can safely

OV "“"Success Criteria”

interoperate; capability delivery
Integrity - Service - Excellence
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e A o SoS Awareness

* |deally, individual systems and platforms are:
= Managed by competent program managers

Well understood by the major system integrators who have
successfully developed, tested, fielded, and supported them

Regulated by robust acquisition processes

= Systems-of-systems, and their corresponding
mission capabilities, are often:

Literally “assembled on-the-fly” by operational commanders in
response to emerging threats or requirements

Of relatively short lifecycle when compared to traditional
systems that remain “intact” for extended periods of time

Not managed or funded under a single or consolidated authority

Adapted from Open Systems Joint Task Force
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0.5 AIR FORCE SoS Issues

= SoS Engineering is not a defined / applied discipline
= Long history of reasonable success, GIVEN pre-determined needs
(explicit requirements) for interconnection / interoperability

Dynamic operational environments demand spontaneous
interconnection / interoperability

= Lots of policy (even more guidance) on what should

be done (e.g., net-ready KPP) ... but few specifics on
how to achieve

“On the network” doesn’t necessarily mean “Interoperable in
real time”

“Best Commercial Practices” don’t always mesh well with
unique military issues
= Security

Commander’s Intent

Resource prioritization and rapid reallocation
Unintended consequences

Integrity - Service - Excellence 16



\ 2 Integrated Defense Acquisition,
oy Technology, & Logistics Life Cycle
U.S. AIR FORCE Management Framework (2004)
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http://www.dau.mil/pubs/IDA/IDA_04.aspx DAU Publications Distribution Center
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U.S. AIR FORCE

Govt performs
most SE tasks

Efforts largely
conducted at
study / project
level

Somewhat ad hoc
use of tools and
disciplines

Key objectives:
> Evaluate
architecture

> Evaluate
support
capabilities

INPUTS

JiCD

rAod Plan

«Exit Criteria

sAlternative Mainfenance &
Legistics Caoncepts

Capabilities &

Interpret Lser Heads,
Anatyze Operational

Environmental Constraints

\Judes)

Develop Conceapt
Performancs (& Constraints)
Definition & Verification
Objectives

Decompose Concept

Performance into
Functional Definition &
Werlfication O sctives

Concept Refinement ¢

Phase
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e
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AnabyzelAsaens
Concapts Versus
Dafined Uzer Heads &
Environmental Constraints

Assess/Analyze
Concept & Verlfy
System Concept's

Performance

AnalyzelAssess
Systern Concept
Versus Functional
Capabllities

Decompose Concapk
Functienal Definiticn inte
Concept Components &
Assessment Objectives

o

AnalyzelAsanas
EnablingCritical
Components Versus
Capabllities

Develop Component Concepts,
i.&., Enabling/Critical
Technolagies, Constraints
& Cost/Risk Drivers

SE-related steps during Concept Refinement
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\ 2
\ 4 Technology
«Qr Development Phase | afutes s supporie

| tenance Objectives &
U.S.AIR FORCE e

Some SE
responsibilities
transition from
Govt to contractor

Interpret User Meeds.
Analyze Operational
Eiplblltlln &

Efforts largely
conducted as
discrete projects
or small programs

Key process areas
employ selected

tools & disciplines

Demo System
Fumctionality
Versus Plan

Key objectives:

> Reduce
technical ? Enabling
. Critic al Technolagy
risk Components

> Determine
appropriate
technologies
to integrate

.. Enabling/Critical Technologies
I.mdlt& {:nmlr:hu &

SE-related steps during Technology Development
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o System Development and

Demonstration Phase

U.S. AIR FORCE

“Traditional” SE
applications: Govt
manages contractors
who perform most SE
tasks

Efforts generally
conducted at program /
capability level

All process areas
employ key tools and
disciplines

irements

p product
m details

SE-related steps during System Development & Demonstration
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\ Production and Deployment
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v — Phase
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U.S. AIR FORCE T;#mm-nl - 7 3
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Some SE responsibilities [P Syviem LIWATLERSS Congress
transition from

JTE Interoperability

contractor back to Govt
‘ Cartification Testing

Efforts largely conducted
as discrete projects or
small programs

LFT
J Interoparability Report 1o

& Supportability Validation Congress

Key process areas

OUTPUTS
employ selected tools INPUTS r
and disciplines Test Results i
Exit Criteria -TEEE.I.;P Efg:ili! +SEP
L. *APB -CPD +SEP <TEMP Minput to:
Key objectives: Product Support Package  CostManpawer Est
- o~ :"'-\.. _.__-"
> Verify that desired
operational -3
capability can be TMD:?H Dﬂﬁcianniair > 'I.I'anr:hr: ualmm
=] e Correctng NS EEEEEEEEEEE rodict G
prOduceda Bt horivs Coifigur ation
delivered, and
employed
Modify Configuration
> Ensure that ?he BB thvere/schwor/Sos il
system continues To Connct Deficiencies

to mission needs

SE-related steps during Production & Deployment
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:- Operations and Support
AL INPUTS QUTPUTS
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in the
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> Cost-effective feten r Materiel Change

sustainment SE-related steps during Operations & Support
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U.S. AIR FORCE

Technology
Development
Phase

Analyze Dpwatianal
Capabliies L

Production &

— Deployment Phase
&
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Reduce technical risk b
Determine appropriate technologies e it
to integrate a7 e e T Ve s
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Provides operational capability -
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Meets mission needs Ireerrt P PRl 4

Integrity - Service - Excellence



neurs Concept ovrruns

“Prelim Spn Spec

Operations &

e

rAed Plan :"l! Stratagy INPUTS
Awire g & A i '5“::::;::‘:'::':::;1:. s UneOae Support Phase
Lagintics Gancapts Phase i sEailirs Feparrs

A CO0 s TS o aDliserapan: j Rapsrts
Coryianpewss Rt “EEP

Interpret User Hesds,

Anajze Opruional | o, ey e
Capaniities & < >
Bt neeatal Constraints

)

Analyzeffseetn

Centeple Varsun
DHined Usir Haade &

Envramnsmial Gvmibrality

Evaluate architecture
Evaluate support capabilities

I planant wnd.
Flald

|
Monkar and Cellact
Al Baialen
W1 Dula

Davslop Cancapt Aasen/Analyze Trades AnafyTe
Deflrkion il.\mllkdhﬂ < » ::":::WP:::::\L:’:I H m
et arin Meets performance requirements T A
. i . Datesming prav {1
e T in the integrated architecture

Frrfarmance inie (
Functional Oafinition & arsais Function,

Varification O jectives Capsbikien Cost-effective sustain ment QE::;‘":::n TR
Decompore Conce) " Hazard Bevarty Corvactie dctisn
Funciional Defineion nto

............ 3 [ vt Coniaps

nayzaldnsens
EnablingCriilsal

Companents Versis
ARsesEmant Onyeenves Capabiltias

B0 CAMpPARENE CONCapEs. Devaiep =Pracess Changs -

14, EnaBlingICrtieal Corractive HarchwarslSuppart
h:r;&g:;'tsn:(‘:lml Adtion * Mieibal Charme

Technology Production &
Development sw Deployment Phase

e il

ARalyze Dow tianal
Capabliies L

A6 Intoroperabiity

Reduce technical risk e

Determine appropriate technologies e it
to integrate s 1 e e .
L et S Package + ComtMunprower Bst.

Provides operational capability

Meets mission needs |.“?.:"..L£:'n_"":“m PR

., Brablin/Critc al Toclmedogies
Update Constramts &

Integrity - Service - Excellence 24



CUTPUTS

Concept
Refinement
Phase

“Pralim Spx Spee
“TSE Sirateay
SEP

~Alisrriative Mairitonarce & ~Bupportd Meintemanes

Logistics Cancapts Carcants 4 Tachnalngle:

*Inpiss w:
AN GO0 s TS siod

Imtarpret User Heads,
Anakze Opar sional
Capaniities &
Bt neeatal Constraints

)

Davblap Caneapt

Analyzeffseetn

Centeple Varsun
DHined Usir Haade &

Envramnsmial Gvmibrality

Assens'Analyze

{ e > Caneapt & Yarlly
Definkion & Verilicatlan Cd Bystam Comcept's
Dbjactives Partarmanes
Decompons Coneape || AnabaefAsaess
Fertarmance irte e [ temConcem
Functional Dafinition & Yarsus Functionsl
Varliie ailon Object ives Capabilion

Decompore Conce) 1]
Functional Definkion inta |

nayzaldnsens
EnablingCriilsal

Companents Versis
Aasansmant Opgeetives Capabiltias

A CaMpanEnt Cancapes.
La. EnsBlingICritieal

chaciogis, Csnuraints
& GoMRISK OHears

Evaluate architecture
Evaluate support capabilities

Meets performance requirements

in the integrated architecture
Cost-effective sustainment

Technology
Development

l i
'. ':-"I'nrhﬂu:mn
I

ARalyze Dow tianal
Capabliies L

its fo.+ DR 5P STA GO0

Reduce technical risk

~Ser ricw Use Daln
“Unor Feedpact
SFnikirs Raparrs
aDlserapane j Reperts
“EEP

INPUTS

Monkar and Cellact
Al Baialen
W1 Dula

Operations &
Support Phase

OUTPUTS
gtz €08 fer et
Incranmnt

“hadiicaiionsie grades o

Mpinas syetems
P

I plam 0t wnd

Flald
L)

Aaaaie Rlak of
I praved System

inkagrae & Taxt
Corrattie Aetisn

]

Adtion

Corrective

“Praesss Changi—
HardwaralGuppart
* Mieibal Charme

Determine appropriate technologies

to integrate

Provides operational capability

Meets mission needs

In

-------

System Development and
Demonstration Phase

y lev

‘Traditional” SE applications:
Govt r[]a_r_\_gg_t_e_§__g_<_>__r_l_t_ra_9_t_9r
““who perform most SE tasks’

" key tools and disciplines ‘&

P lagisluil DTEE LFTAE S
DRS Y40ty Mool
Campance (» Epees

Production &

P Deployment Phase

MTE livier cper abily

A6 Intoroperabiity
& Supporatinmy Vasamon

25




Concept i Operations &
Refinement S
-Almnmnl'mm.m-u ] ~Buoworf & Veintemdnes Support Phase mmr::” o
Loistics Concepts 3 Phase .c:;, llllllllll nglers “Iput

“haalicaiions i graden to
Mpinas syetems
P

e

Aralyzihaseen
Cenieple Varsin

OOt s Evaluate architecture
' Evaluate support capabilities

RA . 4 o€ e e -~

RE - in the integrated architecture
T | . Cost-effective sustainment

cchnology

roductiogn &
Development

loyme

s - =2

Reduce technical risk

Determine appropriate techinologies
to integrate

Provides operational capability
Meets mission neerls
- —————

) 2‘1' LGN Aopm¥i=Is
ety ation Phase
’**'.- - -

Govt manages contractor:
who perf'orm most SE tasks’

26




Concept
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Shortfalls depicted as capability-
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\/ Linear View of Incremental

U.S. AIR FORCE

Concept
Decision MS A MS B MSC FRP

CR

Increment 1

... Incrementn ...
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