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What is Model Driven Engineering? 
MDE = MBSE + MDD + MBI&T
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MDE includes Model-Based Systems Engineering, 
Model Driven Development, and Model Based Integration and Test2



Why Model Driven Engineering?
“One Fact, One Place”
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What’s in a Name?
Different Kinds of Models for Different Purposes

Descriptive“Model” (as in “Model Airplane”)
Blueprints, Schematics, Diagrams…

Analytical “Model” (as in “Flight Model”)
Computational Models, Simulations…
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Utilized MBSE Methodology to Ensure Traceability between 
Functional Architecture and Requirements

Descriptive 
Models •Created bi-directional linkage to push OPSCON artifacts and 

pull requirements

Requirements
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- •Derived 91 System Functions from 236 System 
Requirements 
•Determined EIS Methodology since high TRL systems to 
push Test and Demo verification method at element level

Operational and 
System 
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Applying EIS will add Verification Method of “Design 
Audit” to Reduce Redundant Requirements and Rework

System System
– Utilize as much of the 

existing Element and 
lower level requirements

Element

Segment Segment 
A

Element A Element B

Segment 
B

Segment 
C

– Derive requirement at 
appropriate system level 
and show traceability to 
parent without repeating 
at each level in the chain

Subsystem Subsyste
m A

Subsyste
m B

at each level in the chain
– Eliminates the roll-up of 

verification at each “level 
up the chain” or analysis 
on top of analysis to trace 

ifi ti b k t th
Unit Unit A Unit B

verification back up to the 
system level
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Visualizing EIS “binning” for Requirements and 
Functions Enable Team to Focus on Critical Design 
Aspectsp
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Example of System Essential Function Mapped to OPSCON 
and Segment Behavior Diagrams to Ensure System Design 
Validation

Communicate Using  NB

System Essential Function

Execute NB 

OPSCON Activity Diagram

Receive CMDs
D t CMD

Transmit CMDs 

Ground Segment FunctionsAir Segment  Functions

Decrypt CMDs

GS Sequence DiagramAS Sequence Diagram

Encrypt/Decrypt C&T

Perform NB Communications Execute NB

Requirement to 
Function Report

OPSCON to

Source: http://www.occupy.com/article/north-carolina-

ECD: 
01/16/12 Activity Diagram 

Report

Sequence 
Diagram Report

OPSCON to 
Functional 
Hierarchy Report

Ensure Consistent 
Operational/System/
Segment 
Architecture

Reports Support 
System Design 
Validation 
Activity

Sou ce p // occupy co /a c e/ o ca o a
deals-setback-drone-surveillance-%E2%80%94-nowBehavior Diagram 

Report
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Example of System Important  Function Mapped to OPSCON 
and Segment Behavior Diagrams to Ensure System Design 
Validation

Produce data

System  Important Function OPSCON Activity Diagram

Collect/Store data Data
Process Mission Data

Perform data Operations
P id Mi i D t St

Produce data Products
Produce Geolocation Support Data

G round Segment  FunctionsAir Segment Functions

Provide Mission Data Storage Produce Geolocation Support Data
Manage Mission Data Products

Collect Mission Image
Write Mission Data

Produce X data Products
Produce Y data Products
Produce Z data Products 

GS Sequence DiagramAS Activity & Sequence Diagram

Requirement to 
Function Report

ECD: 
01/16/12 Activity Diagram 

Report

Sequence 

OPSCON to 
Functional 
Hierarchy Report

Ensure Consistent 
Operational/System/
Segment 
Architecture

Reports Support 
System Design 
Validation 
Activity

Source: http://www.occupy.com/article/north-carolina-
deals-setback-drone-surveillance-%E2%80%94-now
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Example of System Supporting Function Mapped to OPSCON 
and Segment Behavior Diagrams to Ensure System Design 
Validation

Transition from Ancillary to  Primary

System  Supporting Function

Return to Ops

OPSCON Activity Diagram

Transition to/from 
Ancillary

GS Functions

GS Sequence Diagram

Ancillary 

Transition H&S Operations

Requirement to 
Function Report

Source: http://www.occupy.com/article/north-carolina-

ECD: 
01/16/12 Activity Diagram 

Report

Sequence 
Diag am Repo t

OPSCON to 
Functional 
Hierarchy Report

Ensure Consistent 
Operational/System/
Segment 
Architecture

Reports Support 
System Design 
Validation 
Activity Sou ce p // occupy co /a c e/ o ca o a

deals-setback-drone-surveillance-%E2%80%94-now
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Complete Verification Activities as 
Early as Possible on Low Risk Requirements

ts

Push System Verification Down to 
Lowest Level

200ec
 

ts

of
 R

eq
ui

re
m

en
Reduce Redundant 
Requirements

50

100

150

#
 S

ys
te

m
 s

pe
re

qu
ir

em
en

t

# 
o

Verification Complexity

0
Test/Demo Analysis Inspection Design Audit

Verification Description

Category % in 
System 
Spec

Criticality Extent of Verification

Essential 15% Establish capabilities necessary for safe mission 
ops

Normal rigor of verification and demonstration testing

Important 45% Functional and performance capabilities 
necessary to conduct mission and produce 
system outputs to meet program TLCs

Limited verification since capabilities achieved can be 
validated and/or modified between IOC and FOC

Supporting 40% Capabilities that will be demonstrated at lower Verified by auditing capabilities at CDR only – “design 
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levels and are not important for mission ops audit”



Complete Verification Activities as 
Early as Possible on Low Risk Requirements 

• Analysis or Inspection is performed with the same diligence as if 
performed as part of the “normal” verification effortperformed as part of the normal  verification effort

• Verification results are recorded and considered complete

• Verification is only revisited if “As-built” system does not pass its lower 
level requirements, meaning design was not realized
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Design Audit – Verification Method defined to identify Analysis or
Inspection performed on Design rather than As-Built System  



Conclusion

• Affordability objectives
– How can we learn for our past and take advantage of our experience?How can we learn for our past and take advantage of our experience?
– What processes can we tailor to provide the best-value to the program?

• Verification is one such area for the right program
– Capability-Based 
– High reuse of components with high TRLs
– Experience testing similar systems 

• Certain level of risk tolerance on the part of both the internal and 
external PMO

• “Buy in” is essential with the Chief SE and Segment Architects during 
functional analysis stage

De elop a hitepaper and metrics disc ssing concept to PMO• Develop a whitepaper and metrics discussing concept to PMO
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Bio

• Tamara Valinoto is a Principal Systems Architect for Northrop Grumman Electronic 
Systems (NGES), Baltimore, MD where she has worked for the last eight years. During 
her time at NGES, she has provided design expertise in the disciplines of Human 
Systems Engineering, Maintainability, and Reliability for a variety of airborne, ground-
based, and postal systems. She graduated from the Architect Apprentice Program 
(AAP) in Nov 2010 after integrating and demonstrating a system that was deployed 
OCONUS. She led a cross sector Model Driven Engineering (MDE) program to ensure 
traceability top-down from a capabilities based to implemented architecture with a 
diverse and dispersed architecture team. She currently is the SEIT Lead and MDE lead 
on an EW program while supporting and leading the MDE Community of Practice (CoP) 
for the corporation. 
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Abstract

• The architecture team plays a key role in minimizing cost and streamlining Verification and 
Validation (V&V) starting with the thought of, “ What are the system building blocks?”. During the 

t hit t d fi iti h f ti l l i i t i li th t fsystem architecture definition phase, a functional analysis is necessary to visualize the types of 
system functional capabilities required to perform the desired operational needs.  Identification of 
these functions can be derived from the system requirements or from determining the system’s 
information, material, and energy required for operations. An architecture team applies an 
Essential, Important, and Supporting (EIS) approach to “bin” the System functions and associated , p , pp g ( ) pp y
requirements using standard tools (i.e. Artisan and DOORS).  The EIS approach opened up a new 
verification method, “design-audit”, which was applied to system requirements to push normal rigor 
of verification to lower levels of architecture. In order for other programs to apply “design-audit”, a 
least resource intensive verification method, upfront in the architecture definition phase, this 
presentation will cover “how” to identify system functions “what” the EIS categories are and “how”presentation will cover how  to identify system functions, what  the EIS categories are, and how  
to get your customer and internal stakeholders on board.
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