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About the National Reconnaissance Office (NRO) Wiy

Mission

Develop, acquire, launch, and operate the nation's
space-based intelligence, surveillance and
reconnaissance capabilities to secure and expand the
U.S. intelligence advantage.

Vision
See it, Hear it, Sense it

Values

Personal Integrity and Accountability, Mission |
Excellence, Teamwork Built on Respect and Inclusion
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About the Systems Engineering Directorate (SED) Wl

Mission
N RO OI RGAN IZATl O N Define, assess, and deliver the Integrated
Overhead Mission Enterprise providing assured
intelligence capabilities
SENIOR MISSION PARTNER DIRECTOR CORPORATE STAFF
REPRESENTATIVES Corporate Secretariat (CS) ..
NSA PRINCIPAL DIRECTOR Executive Secretariat (ES) VI sSion
NGA DEPUTY DIRECTOR epector fggfra' (16) Enterprise engineering excellence ahead of the

Equality & Inclusion (OE&lI) Speed of Change

General Counsel (OGC)

Human Resources (OHR)

Policy & Strategy (OP&S) Goals

Security & Counterintelligence (OS&CI) ) ) ]

Ombuds & Grievance Officer Proactively define and deliver the future NRO
mission architecture

I l I I | | Shape NRO investment decisions
GEOSPATIAL
& & GROUND ENTERPRISE MANAGEMENT SERVICES & 1 1 ] i
TECHNOLOGY DIRECTORATE | | OPERATIONS DIRECTORATE | | SYSTEMS DIRECTORATE DIRECTORATE N caamon || ortmanonsomecronare | | EN@DIE and inform enterprise decision making
& . A .
(Rsem (ero) (comm (Gen) o eromm fussol Ensure enterprise capabilities are fully integrated
into the NRO architecture
Attract and develop a world-class SED workforce
| l I l | Improve the effectiveness and efficiency of NRO
MISSION INTEGRATION MISSION OPERATIONS OFFICE OF SPACE SIGNALS INTELLIGENCE SPECIAL SURVIVABILITY SYSTEMS ENGINEERING ) Enai :
DIRECTORATE DIRECTORATE LAUNCH SYSTEMS ACQUISITION COMMUNICATIONS ASSURANCE OFFICE DIRECTORATE ) yStem ngineering
(MID) (MOD) (0sL) D"}:f;?ﬁ.?ﬁ ([’:;:;:;E (sAo0) (SED)
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BLUF W

We built a model to ensure SED has the Systems

Engineering and Analysis support required in the future

by managing requirements decomposition, traceability,

gap analysis, and interface management within a 50% Risk

complex acquisition strategy. Reduction a

Unlocked Acquisition

“The model has enabled us to move out on an Strategy Feasibility

acquisition strategy that is significantly different than we
have today by allowing us to plan across a diverse set of
teams and trace to legacy requirements (ensuring that
we don't miss any important scope when setting the new
requirements). We have also used the model to
specifically plan interfaces, so we can execute without
confusing overlap on scope between multiple contracts.”

-SED Acquisition Integration Program Manager

40% Faster
SOW Development
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Acquisition Team Needs

* Reducerisk

— With a tight acquisition schedule, how can we reduce the risks to achieve a
tight deadline?

 Improve Statement Of Work (SOW) quality

— Too often SOW wording gets out of alignment across sections, how can we
reduce the human-in-loop of cross checking?

* Improve contract scope

— In the past generic SOW wording has caused confusion of who does what,
how do we better describe the scope of each contract?

« Demonstrate traceability

— As contracts phase in, how do we know which parts of existing contracts do
we phase out?
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Stakeholder Analysis

Types of Common Questions
 How are we identifying and managing
the interfaces between contracts?

 How do we identify gaps in our
current structure?

« How do we ensure we don't drop
work?

 How do bidders use the model?
 How do you classify a model?

 How do we align contracts to our
WBS?

e Canwe add FTE? or Cost?

Types of Stakeholders

Source Selection Authority

Source Selection Evaluation Board
Source Selection Program Manager
Technical Contract Leads
Technical Advisors

Contracts

Contracts Advisors

Cost Estimation

Security

Modeling

Bidders

*Primary Stakeholder
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Bounding Requirements Weay

 Minimize impact on Tech Leads' process

— Tech leads still have the hard job of writing SOW lines,
Improve what they do, don't make them do your job.

 Remove duplication on commonality

— Some SOW lines are common across sets of SOWSs, need
to prevent edits on those common lines unless coordinated.

 Ensure traceability

— Need to capture the complete pedigree of where an
iIndividual SOW line is derived from.
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Traceabllity Challenge Example Wy

Start with 2 SOWs (A & B)
End with 3 SOWs (X, Y, & Z)

Pink = Red + Blue
Yellow = Green + Blue

L|ne7 *Multiply by hundreds of SOW lines

Line 10

Line 13 Line 13
h—_ 9




Realization #1 - What 1s the SOl ¢

==Tequirement=:=
Requirement Name
text="The system shall do" (o i
xd : jesalisiy>=

==hlock==
"\\ System Of

Interest

P\mﬂ“e

Utilize blocks to design your SOI.

*See OOSEM in A Practical Guide to SysML

SED Workforce Engineering Data
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Realization #2 - Solve a "Solveable" Problem

Thlngs We Looked At Doing
Creating behaviors for every requirements
« Auto generating every SOW
« Adding in cost data
 Adding in FTE data
 No documents just models
 Requiring a model as a deliverable

What We Decided To Do

« Go back to our needs

* Focus on improving quality

« Use models to drive conversations

e
N N y’
\\\ H\ \t p. / -
\ The Con r\a\\ctor}( The/Contractor Y v
R / /
pS h o A
S r d
N Do Something Ve
", s
: s
s
' " /
z<refine== | . \ ~
i ( /
. Item Do Sosething Else
\ e - 0 oo 4]
s N
// \
s =
4 efine h
z=refine==
ra ']\
; N
<<requiremerii== <<requirement=> <<requirement>>
Contractor ¥ Does Contractor X Send Item Contractor Y-Does
i . .
Something y, o . Something ™
y text="TheContractor X shal \
text= Tk: Contracto r X shal send (iém to Contractor Y." ™ text="The Contractor Y ;11
Do Sfl 1ething [given inpt ‘r] 4 ~] Do So |1eth| g given ftem"
/ 4 \
£
r e S N
.,

Www.incose.org/symp2022




SOW Model Structure s

pkg [Package] ** MODEL NAVIGATION DASHBOARDS [ Overall Pkg Diagram ] J
Diagram name Overall Pkg Diagram

Modification date
Diagram Classification Level || UNCLASSIFIED

| -
Acquisition Model A Docimenation
] —
0 - Model Management I A BeRavior I
1 1 - Structure 6 - Resources
Source Selection Profile 1 1 I =
1 Programs 2 Contracts 3 Statements Of Work 1 Top Level Activities
| 7 - Visualization
Glossary Items Ontology | o | 3
{CCINS 5FBS 6 WBS ]
2 Supporting Activities
[I—)
0 - SED Glossary Model Ontology . | 8 - Templates
7 Evaluation Criteria 8 CDRL 9 Lifecycle Areas |
| 3 Signals
Overview Tables
. = =
10 Stakeholders 11 Process and Boards | |
Overviow 4 Activities by FBS package SOW Line |
izati L 4 - Interfa I
SOW Layer Generalization Structure 2 - SOW Requirement Lines - Interiaces 9 - Reference Material
—— ) 0
SOW Set 1.0 iein Elows
** MODEL NAVIGATION DASHBOARDS
= (il |
h A B c
|
* MODEL NAVIGATION iz Aracaabiiity
] I I. T |
1 CONTRACT DASHBOARDS SOW Set 2.0 Requirements Traceability Behavior Diagram Traces
N | | [ |
-B X Y. Z
1.0 to 1.2 Requirements Closure Traceabili :
X Dashboard Y Dashboard o 2 FBS to Contract Matrix g 15 Behaviors Matrix
N N I
Generic Inherited Layers 1.0 to 2.0 Requirements Closure Traceability Activity to SOW Lines Ma"i’ﬁ\cﬁvity to Activity Traceability
Z Dashboard Shared Requirements Dashboard
2.0 to WBS Traceability 2.0to FBS Tr bility




SOW Profile Ontology

‘ Use Case }ihas many

'

Top Down Contract
Analysis Mechanism
performed by i
What We Do LTIz
Requirement
. Yy - @V
Program has many—>{ Contract I has a
has a ‘ J
| l has'L many—l
/—“—\ /—“—\ Y Fa Y P
was rBs ‘ CLIN ‘ ‘ CDRL ‘ ‘ Factor ‘
LY "y LY S A~ F h 4
I I ‘
has many has many has many SOW
/—*—\ /—*—\
WBS Line FBS Line
- - - - ‘ Standard ‘

~

reference many

has many

maps to
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SOW Line

How lis

Displayed

represented by

has many

references many

g

Document

has many

A

¥

Paragraph
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SOW Profile Excerpt

— — SOW Line
vz v oA [Class]

[Diogram Casstiation Level | INGLASSIFED |
— Base Classifier =
EBlock

«»Element Classification

: L omea | | ey | | ee | | Py attnbutes
e i ‘ +Classification : Element Classification
T | == [ E +ShallStatement : String [1] =

B o S e | =i Gt NS +S0WParagraphNumber : String [1] = {id}
1 ) — e L | . — +SOW Line Status : SOW Line Status [1] = Undecided
; | = T e +External Interface : External Interface = Undefined

o r—— +Desired Paragraph Number : String
b S (e et i) +Desired Paragraph Name : String
+Support Status : Support Status = Undefined

lI\

aswrscrpes
Eloment Cusaifcation

B35 Classhor

ot o coe sees )
7

Seciumne

fcoss)
Base Clasafier = & SOW Line |

~Sect. Lne Lasguage ‘Sreg

¢
«Customization» ﬁ
SOW Line
wCustom@zations

abbreviation = "SOW Line™
category = "SOW Line"
checkSpelling = "ShallStatement”, "Text", "name”
customizationTarget = = SOW Line
hideMetatype = false

inShortcutMenu =
e e < ShallStatement
e Sra e O SOWParagraphNumber

T PRI e © SOW Line Status

O External Interface
keyword = "sowLine"
possibleOwners =

CModel

[MPackage

= SOW Line

0 SOW

11 SOW Paragraph

propertiesDisplay edinCompartments = "ShallStatement”, "SOWParagraphNumber”, "External Interface”
representationText = "SOW Line"

= £

Cunomzatens

attnbutes
«placeOnPaletteProperty»+SOW Line{place = "SysML Block Definition Diagram:||Black Definition Di...
«AutoNumber=+Sow Line Numbering{id defaultNumber, numberedProperty = SOWParagraphNum...
el «derivedPropertySpecification»-1.0 Traced Language : String [0..*{expression = "<?xml version="1....
P — oW «zproperyGroups-Traceability{showGroupinDependencyMatrix, showGroupInElementSpecification, ...
. T am—" | | = SnasStamer S0WP 3 per Eutens et «derivedPropertySpecification»-Paragraph Number [0..*}{expression = "<?xml version="1.0" encodi...

- p20?

 p12c600P3lenePropecy +SOW Lines




Example Traceability

Contract Set 1.0

<<ZOWEE <<contract==
Z SOW z
<=SOWEE <<=contract==
Y SOwW Y
<TEOWEE <<contract==
X sow X

1
<<contract=> <<program:=: 1
A o Contract Set 1 .
]
* 1 Requirement in Z Only
' b
<<gowlLine>> 1 1 <<gowLine>>
“=goWEE A SOW3.314 . 1 New Z SOW Line
A SOW - 1
[~ Shall Statement ] Shall Statement
"The Contractor shall ... " 1 1| "The Contractor shall ... "
+ ! I
F = = = = = = = = = a | Generalized Inheritance Layers | * = = = =/= = = = =
<<sowlLine=> 1 1 <<SOW== LLROWE :
A SOW3.141 I Global SOW Top Level Alpha SOW 4 .
1
Shall Statement l 1
"The Contractor shall ... " 1 1
]| / 1
1 1
----------l {<SBW>> l
1 Top Level Beta SOW Mid Level SOW
] <
1
1 <
1
1
1
1 <<sowLine>> 1
1 | New Top Level SOW Line I
! Shall Statement 1
H "The Contractor shall ..__ " 1
! [
‘ L

Requirement Inherited

<<program==
Contract Set 1
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Example Visualization

CCgOW=E CCgOW=E Z<gowlLine==
Top Level Beta SOW Mid Level SOW oo mWEE New X Specific SOW Line
X SOW 3.2.1
Shall Statement =
P —— "The Contractor shall ...
New Top Level SOW Line
Shall Statement <]
"The Contractor shall ... e
oW New Y Specific SOW Line
/A M Y SOW 52
3.2.2 353 Shall Statement 2
"The Contractor shall ._."
' ‘ ‘ ‘
==document>> <<paragraph>=> <<paragraph>=>= =<=document>>
X sSow 5 X SOW Paragraph 3.2 Y SOW Paragraph 3.5 E Y SOW
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Example Top Down Analysis Wy

Do Systems Engineering

act  NMNeeds z —
r X Y il
X support Sﬁzggc
- Send Needs L >
: Consolidate Needs
> rh
y support .
- Send Needs Sﬁzggc
<<=sowlLine>>
<=activity>> Mid Level Send Needs SgoWEE <<activity>>
Send Needs oo ot et 2 Mid Level SOW Consolidate Needs
"The Contractor shall ... "
/j D\ ’ ==spowlLine=>
cgowsE c<gow=s LgOWEE Consolidate Needs
X sOW Y SOwW Z SOW

Shall Stafement
"The Contractor shall ... "
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Power of Tables ey

*via metachains
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Model Integration Workflow

1 Export a table view in the model

2 Modeler converts content into Word

3. Modeler sends doc to contract technical lead

4, Contract technical lead coordinates with reviewers
5
6

o4 Contract technical lead determines final updates

O=O Tool
- X% Coordinates with modeler to get loaded into the
Changes Document Export model
T &‘—| Limitations
Contract . Look at document export capabilities, but needed a
Tech good enough solution so moved out with csv export

Lead .
= @ . . Couldn't change the whole process and reviewers
% . .
ﬁ T would likely never be in the model
. Some leads were more active in the model others

Track Changes g needed a bit of help to get going
Reviewer
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Lessons Learned from Modeling =

Jurassic Park
.—-—""'---.-.
Make Money
: Investors
John Hammaond
Perform World
Changing Science ﬁ_,___h__i

Dr. Wu
o - s=include== H‘“‘-—-.____i

Care & Feeding o B
Dinosaurs Park Visitors

Dino Handler

People over technology Just because you can, Show value,
doesn’t mean you should Not your design
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Resultant Impacts to Our Acquisition e

\/ Enabled an execution of a difficult acquisition strategy
T Improved requirements consistency across SOWs and managed interfaces

%8 Ensured gap closure across SOWSs for SED needs
Provided Technical Leads a robust draft to start from
@ Captured supporting rationale and engineering rigor for requirements development

@ Served as a communication tool to uncover assumptions and build more complete requirements

[T1]

Provided bidders the model for contextual depth
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Path Forward

Model Structure & Profile

Expand profile to support
directorate business operations

— FTE, Costs, Business Process, etc
Further refine profile
Extract profile

Leverage better visualization &
Integration tools

Move to model organization as
the SOI for a more digital
acquisition approach (e.g. the
model is the RFP)

s

W

SOW Development Approach

Other directorates are interested
In doing a similar approach

Explore standardizing approach
with Contracting Office

Facilitate as future approach with
our system developers
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Questions?
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L AND
Contact Us S
Capt David Burns Mr. Cecil Tiblin Mr. Daniel Hettema
burnsdav@nro.mil tiblince@nro.mil hettemad@nro.mil
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