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System Definition-Enabled Acquisition

* Problem Definition

« Where at we at, today?

« What is SDEA?

« How can we best apply SDEA?
« Why not apply SDEA today?

« How do we get there?



PROBLEM DEFINITION



Lok
v

e Systems Engineering (SE)

— The DoD SE community and process is current
unable to fully support acquisition in the _
development of complex systems q

* Support for SEs

— System Engineers need a innovative system to

help them
* Definition
— SEs need define that system




Where are we (DeD) Geing?
= DeD and SoS/LSI ansien

SoS acquisition and engineering is the
norm in DoD

SoS design, integration and
qualification (1&Q) is highly complex
DoD engineering workforce not well
aligned to LSI responsibilities

Government oversight of LS| has been comp
contractual ambiguities

Delineation of “inherently governmental functions” for LSI
needs more clarity

Private LSIs have inherent conflicts of interests without
specific controls

SoS integration requires a strong, centralized LSI



What is the problem?

Acquisition timeliness
System complexity
TOC

&1 risks

Workforce support
Acquisition process
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Acquisition System Challenges

« Document-driven

« Qversight-oriented

« Acquisition too long

« Poor TOC control

 Poor quantification (what-ifs / trades...)

« Lack of repeatability (too “greybeard” dependent)
 No longevity of baselines for P3I

* Inability to cope w/complexity, SoS, LSI

« Integration not coupled early enough

* Interoperability not well quantified or predictable
* 1&Q risks too high



SDEA Context

System
Definition q}

Program
Definition

System
Production

Support
Definition

Stakeholders, Program Resources, TOC Control, P3l



Research Questions

« What are SDEA requirements?

« What are SDEA components, elements, tools,
etc.

« What are available today?

« Where do they fall short?

« How might SDEA affect org roles and
responsibilities?
— JCIDS, WSARA, ...
— Pentagon-vice-SysComs

« What are SDEA solicitation strategy key
elements?



Where at we at, today?
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Document / Expert = Centric Acquisition

System Design Documentation

A

Database

|

Hﬂ

‘DoDAF”

ICDs

|

7
7
7

SDD

|

System Documentation Analysis

A

|

Oversig ht-orienlted Acquisition (WSARA)

Interfaces

aEg
uopsnbay

& wenpeig

suamay

[

F(D

Operations

Architecture OC Analysis

Qualification : LSI/SoS

Risk

Management

Model & Sim
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what Is sdea (MBSE + MBSI)?
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£l
SDEA = MBSE + MBSI

Integration Qualification
Environment Environment Environment

Modeling Environment
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= SE Activities Should Produce System
Definition/Model

| System
Operational Interface Physical 'Definition
Model Model Model i(”ModeI”)

Functional Behavioral
Model Model

'\ Mission
Analysis

Scope &
Bounds
Analysis

VEV Planning
Analysis of "~_
Alternatives

Problem
Definition

Functional Analysis
Architecture Design

Requirements

Analysis Risk Analysis

Functional
Allocation

Needs
Analysis

Value Design




SDEA System Supperts Acquisitien Engineering

Activities
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Anquisition
Milestones!
Phases

Development D

Senice Approved P10
Products oo ¢

Acquisifion
Gate

PHASE IV

g & Manufacturing Development Production &
Deployment

Reviews

Mission

Analysis

Problem
Definition

Needs
Analysis

VEV Planning
Analysis of | Detailed
Alternatives Design

Requirements
Analysis

Risk Analysis

Functional Analysis
Architecture Design

Allocation

Value Design

Verification Deployment

E Operational
! Model

Functional Behavioral
Model Model

Validation Sustainment

System
Interface Physical Definition

Model Model ‘(“Model”)
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57 Can We Create a System for Aequisition

Program Definition, Sponsorship, and Resources

PHASE Ill A

Acquistion  pHASE | F'HASE n

A 1oC FOC

Milestones’
Phazes g & Manufacturing Development Production &
Deployment
Technology
Development Dem
Bervice Approved
Products € cop
Acquisition /
Gata | Pass 1 | Pass 2 |
Reviews

SE Support to PM
System Risk Analysis
P3I Analysis

Mission Production

. ; System
Engineering Functional System Support

Allocation “Build-to”
and Design Integration
Design & Deploy
Qualification

Production

Requirements
Engineering
Architecture
Design

Reliability, Availability, Maintainability Analysis
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Capability Goals, Objectives, Assumptions, Constraints



SDEA Transformation

System Definition and Models

A
| |
Repeatable and Quantifiable Analyses
A
| ]
Integrated into DoD 5000 / WSARA
| |
Interfaces {11 {H

— "3
ig

rade Studies

Operations

1 3SVHd V 135VHd

Architecture

OC Analysis

=

SoE

Vv b v b b

Qualification ~2 @/ | BLSI/SoS
e 0 ..- < 3 é
. U _—
System Design Risk 8 E ualification
Validation, Analysis, o .
and Determination M _
Events Management H° BBaseline Mgmt
£
Model & Sim
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=xample; Interface Design and Analysis

SDEA

“Ops” Conop
Trade Studies x Trade Studies
quirements.
<P —D@-b Architecture TOC Analysis —D—) Architecture _ TOC Analysis
Needs equirements
“Architecture” Qualification) LsiSoS - o —D—) Qualification LSI/SoS
"DoDAF” Risk Qualification - —D—> Risk Qualification
“Arcl cture”
ICDs Management Baseline Mgmt P7 —D—) Management Baseline Mgmt
oo Model & Sim & Pl —D—> Model & Sim & Pl
Motor Period Register Address
This register is used to set the period of clock pulses to the motor circuitry. This period defines the Requirements
frequency of the stepper motor clock. Interface Functions
Operation: Write 8-bit value to this addressed register to set the divisor for the internal 4KHz clock;
thus, defining the resulting period of the stepper motor clock. Ex. 4000/register = period of O n t r 0 I In terfac es
stepper clock. i
1O Address: 0x292 Document PhyS|an components
Active State: NA Behaviors
Data Bus Mapping: DB7-DB0 (DB7 => MSB) o
Access Mode: Write Timin g
Motor Command Register Address Verification
This register is used to setup motion control for a particular motor circuitry. Use Cases
uster Bit Descriptions:
Register Bit Descripi Resources
Motor Stop Bit: Set this bit to stop the motor at any time. Setting this bit resets the internal start Rl S kS
bit, but does not reset the “position” or “period” register. DO DAF “V | eWS t1] ) |SS ue
Motor Direction Bit: Set this bit to define the direction of motor rotation. Set high for GW; low for = =
CCW. -
Dadrtute Sarvc
Motor Start Bit: Toggle this bit from low to higl +STANDARDS APPLY TO -
trigger bit. In order to start the motor after api SYSTEMS, FUNCTIONS, ‘ .
be toggle from low to high again. AND DATA _— -—1
o onag 2 Systemi =
Motor and Sensor Selection Bits (mirselt mirs i Definition® ¢ :mﬁﬁ%ﬁl‘?ﬂé%ﬂhmmm
encode the motor and corresponding tracking 2 li TS O A PO T TH T OF THAT P oN
The following encoding table maps these four 1 .R-Sase m* + £, DATA T 15 OUTPLIY FROM FUNCTION § AND IPUT T FURCTIONS 3 AND 7
Sol2 Sel1 Sen2 Sen tor Used SYSTEMS INTERFACE DESCRIPTION k 15
ined ot D¢ 3
lotor ead
lotor ead )
ined ot Dt
dics Motor idic Custemers
Fluidics Motor Fluidic
Fluidics Motor Fluidic e
lot Definec jot D¢
‘Carousel Motor -artric
Carousel Motor Barco
Carousel Mator Read
‘Carouse| Motor aroul
Carousel Motor Intern
Garousel Mator Free JOPERATIONAL NODES
Carousel Motor Not DJARE ASSOCIATED VALUEADDED: STATEMENT OF .
‘Carousel Motor Not Dy WITH SYSTEMS NODE: SYSTEMS NODES, SYSTEMS, & E—
AND SYSTEMS INTERFACES; SUMMARIZED SYSTEM I
INFORMATION EXCHANGES
oo JOPERATIONAL —— s 4. Sarmpt 1 Suand 92 har
o s R SYSTEMS INTERFACES Integrated

Dictionary (AM2) is
not shown but
relates to all other
products
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“Ops” Conop
e : | SETRs SETRs
“Conop”
N Trade Studies B Operations Trade Studies
quirement
@p —D@-b Architecture TOC Analysis Architecture 8 TOC Analysis
Needs equirements | i
e cture” Qualification LSISoS : @N Qualification | | Lssos
“DoDAF” Risk Qualification Risk | | Qualification
“Architecture”
ICDs Management. Baseline Mgmt B Baseline Mgmt
oo Model & Sim & Pl Model & Sim & Pl
Requirements
Functions
Interfaces
Physical components
Behaviors
ICD Conop Timing

T Verification

DoDAF “views”

« OPERATIONAL ACTIVITIES
MAP TO OPERATIONAL

OPERATIONAL ACTIVITY MODEL (OV-5)] NODES

«1/0s MAP TO NEEDLINES

+ PERFORMERS OF
OPERATIONAL ACTIVITIES, IF
SHOWN ON 0V-5, MAP TO
OPERATIONAL NODES

Definition®l

VALUE ADDED : BUSINESS/MISSION PROCESS &
RELATIONSHIPS AMONG ACTIVITIES AND
OPERATIONAL INPUTS AND OUTPUTS (1/O)

+INFORMATION
EXCHANGES ASSOCIATED
WITH EACH NEEDLINE
LABELS MAP TO
OPERATIONAL ARE DETAILED IN OV-3
INFORMATION OPERATIONAL NODE CONNECTIVITY
ELEMENTS (NOT DESCRIPTION (OV-2)
ALWAYS ONE-TO-ONE)

« INPUT/QUTPUT

OPERATIONAL INFORMATION
EXCHANGE MATRIX (OV-3)
VALUE ADDED : INDIVIDUAL - +
“TNFORMATION EXCHANGES|
VALUE ADDED : STATEMENT OF
ASSOCIATED WITH EACH _ ll srermeerrer

NEEDLINE, PERFORMANCE NODES, OPERATIONAL
REQUIREMENTS FOR ACTIVITIES, AND CRITICAL INFORMATION

NEEDS (NEEDLINES & SUMMARY
areanE OPERATIONAL INFORMA-
R E 4] 110N EXCHANGES INFORMATION EXCHANGED)

)

Figure 1. Sample Function Flow Block Diagram (FFBD)
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As-Is

“Ops” Conop

quirements.
§>—{f}

“Architecture”
%\ “DoDAF”
IcDs.

DoDAF “views”

Qualification

Risk

Management

Model & Sim

SETRs
Trade Studies
TOC Analysis
. LSI/SoS

Qualification

Baseline Mgmt

aé_ P

-SETS SCOPE

or
ARGHITECTURE

- OPERATIONAL ACTMITES
fos

NooEs
- V0% MAP TO NEEDUNES.
- PERFORMERS OF

VALUE ADOED . BUSINE SSMSSION FROCESS &

RELATIONSHE'S AMONG ACTRATIES AND.
OPERATIONAL MPUTS AN CUTPUTS 501

BFORMATION

CONNECTIVITY
DESCRIPTION (OV-2
—

OPERATIONAL INFORMATION
EXCHANGE MATRIX (OV-3)

TECHNICAL STANDARDS PROFILE

FALUE ADORD : COMPLETE ST
Y or RELEVANT STANDARDS
WITH OPTIONS & PARAME TERS

RATIONAL
EDUNES MAP TO
YSTEMS INTERFACES

NOOES. $YSTEMS,

Integrated
Dictionary (A¥2) is
not shown but
relates to ail other
products

Needs

“Conop”

-,

Eequiremenla

“Architecture”

SDEA

Fatmunry 8,202

Qualification

Risk

SETRs

Trade Studies

TOC Analysis

LSl/SoS

Management

Baseline Mgmt

Pl

Model & Sim u

Requirements
Functions
Interfaces
Physical components
Behaviors
Timing
Verification
Use Cases
Resources
Risks

Issue




SDEA Enables Acquisition SE

System Engineering & System Engineering &

Design Acquisition
Interfaces SETRs
Operations Trade Studies

Architecture TOC Analysis

Qualification LSI/SoS

Risk Qualification

Management = Baseline Mgmt
System

Model & Sim : Definition Y g\ P3I

Baseline
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How can we best apply SDEA?



SDEA is Impactful te Complex Systems

« Strong impact

— “Complex” systems

— Mission systems

— High levels of integration

— System of Systems

— Weapons system integration

— Emerging acquisitions (UCAS, UAS, JSF, etc.)
« Supporting impact

— “Complicated” systems

— Airframe

— Propulsion

— P3Il — parts

24



Why not apply SDEA today?



Tool and HSI Consistency in SE
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o Organizational processes

Interfaces
' “Conop”

&

Operations

Architecture TOC Analysis

5

Qualification LSI/SoS

Vv by b b

. . s System Design Risk Qualification
gaehitecture Validation, Analysis,
e and Determination _
- & — Events Management Baseline Mgmt
Model & Sim P3I

Team training / Application non-specific
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v Analysis of alternatives
== Interfaces SETRs
m— =2 Operations Trade Studies
%_ == Architecture TOC Analysis
Needs _Requirements g"
== Qualification LSl/SoS
System Design == Risk Qualification
Validation, Analysis,
d Det inati
& E:;r\r;;na e =2 Management Baseline Mgmt
== Model & Sim P3I

Quantifiable, semi-automated
design analysis not well
established
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Woerkforce develepment
== Interfaces SETRs
— % Operations Trade Studies
| = Re— Q Architecture TOC Analysis

Qualification LSI/SoS

Vv by

System Design Risk Qualification
Validation, Analysis,
and Determination .
Events Management Baseline Mgmt
Model & Sim P3l

Team training on SDEA analytical methods
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Management integration

Interfaces

__“Conop”

>8P —

Operations

Architecture TOC Analysis

5

__Requirements

Qualification LSI/SoS

:\«‘ x

Vv b v b

- . Y System Design Risk Qualification
' ,.Archltecture Validation, Analysis,
! ‘ and Determination _
= <) — Events Management Baseline Mgmt
Model & Sim P3l

Not well integrated into PM/SE management methods
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Modeling and Simulation

Interfaces

__“Conop”

>8P —

Operations

Architecture TOC Analysis

5

__Requirements

Qualification LSI/SoS

:\«‘ x

Vv b v b b

- . Y System Design Risk Qualification
' ,.Archltecture Validation, Analysis,
! ‘ and Determination _
= <) — Events Management Baseline Mgmt
Model & Sim P3l

Now well integrated into system/ops M&S methods/tools
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Executable models

. v“conopu

__Requirements

System Design
Validation, Analysis,
and Determination

_ “Architecture”

Vv by b b

Non-executable models

Interfaces

Operations

Architecture

Qualification

Risk

Management

Model & Sim

SETRs

Trade Studies
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DeD Acquisition

. v“conop”

__Requirements

_ “Architecture”

b

System Design
Validation, Analysis,
and Determination
Events

Vv by b b

Interfaces

Operations

Architecture

Qualification

Risk

Management

Model & Sim

OC Analysis

Sl/SoS

Not completely tailored to

DoD 5000 / WSARA
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How do we get there?
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Way ahead?

« Select exemplar program

« Build system description

« Demonstrate application of SDEA
« Demonstrate/analyze value

« Consensus check

« Goal:

— Develop a SysCom SDEA(MBSE/I):
* Needs =
« Goals and objectives
« Assumptions and constraints

Solicitation(s)
Prototypes
Research
Studies

Trials
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SUMMARY



SDEA (MBSE/)

Systems grow more complex

Systems of systems (SoS) and LSI will be
the norm

Experience base Is shrinking
Disciplined, repeatable, and
guantifiable SE practices needed
SDEAtechnology is partially available
Navy SysCom requirements for SDEA
need to be defined for SDEA methods,
practices, and tool acquisition

38



QUESTIONS / DISCUSSIONS



BACKUPS



SDEA Attributes

Validation

Verification (DT&E) ., Qualification
F

!
]

Acceptance (OT&E and A) |

Program baseline integration
SE / IT IPT definition and mgmt

Contract technical definition and control
\

LS| baseline mgmt \
\

Technical risks \
System risks
Operational risks
Integration risks
Interoperability risks

Qualification risks

i

\\J

W
Physical

Mission analysis
Activity definition
Interoperability analysis
Operational integration
Conop definition
User needs analysis
Problem definition
Boundary analysis
Value analysis
User requirements definition and derivation
System requirements definition and
derivation
Requirements allocation

Functions

Functional
Interfaces
Logical

Functional integration

Functional interactions

Interoperability
System behaviors
Emergent

Integration (functional) analysis

Components/Elements/Units

Physical
Interfaces

Compatibility analysis
Integration (physical) analysis

Interoperability analysis




