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2020

AIA EMC Project Plan

= Refined list of DE metrics serving as Key Performance
Indicators for program execution, and model health

= Detailed descriptions of each metric, traceable to SE metrics,
quality, & requirements volatility

2021

Follow PSM process to define
DE measurement framework

* Aligned with ISO/IEC/IEEE 15939
measurement process standard

Established collaborative WG (9/14/20)

(PSM, NDIA, INCOSE, AIA, SERC, Aerospace, OUSD R&E, ...)

Objectives

Define industry consensus measurement framework for DE, MBSE
Align measures with business information needs for project execution
and organizational performance improvement.

Leverage partner resources and assets

* Practical Software and Systems Measurement (PSM)
Continuous lterative Development Measurement Framework

Information
Needs

Information
Categories

What do we want to achieve in
order to satisfy our business
goals and objectives?

What questions will help us
plan & manage progress
toward our goals?
Measurable
Concepts What measures are necessary
to answer these questions?

Questions
Addressed

Do these measures provide
sufficient insight to drive
business impact?

+«————— Framework ——————»

SERC / INCOSE / NDIA MBSE Maturity Survey

* SERC DE metrics research (SERC-2020-SR-003, SERC-2020-TR-002)

Systems Engineering Leading Indicators Guide
DoD Digital Engineering Strategy

Team product development

* Front matter (concepts, terms, ...)
* Information Needs (ICM Table)
* Measurement specifications

Digital Engineering Measurement Framework - Project Overview and Timeline

2022

Initial framework draft for review (Jan 2022)
V1.0 Publication release (May 2022)

‘Practical Software and Systems Measurement
(PSM) Digital Engineering
Measurement Framework

Version 1.0c
June 21, 2022

Developed and Published by Members of:

Practical Software & Systems Engineering Aerospace Industries
Systems Measurement Research Center Association

SYSTEMS
ENGINEERING

National Defense Industrial  International Council on Department of Defense
Association Systems i i Research & i
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The Aerospace Corporation

(A) AEROSPACE

Initial Measurement Specifications

* Architecture Completeness and Volatility
*  Model Traceability

* Product Size

* DE Anomalies

* Adaptability and Rework

* Product Automation

* Deployment Lead Time

* Runtime Performance

http://www.psmsc.com/DEMeasurement.asp
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Lack of effective DE/MBSE measures has been an inhibitor to digital transformation
Substantiated by DoD SERC research

Summary Report Task Order WRT-1001: Digital Engineering Metrics Supporting Technical Report
(SERC-2020-SR-003)
Task Order WRT-1001: Digital Engineering Metrics Technical Report (SERC-2020-TR-002)
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Improved predictive ability &
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Success Measures and Benefits of Digital Engineering Transformation
Research from DoD SERC and Virginia Tech helped inform the DE Measurement Framework

SYSTEMS
ENGINEERING

AESERACH CENTER

Summary DE Success Measures Framework

Primary Benefits

Description

Secondary Benefits and Measures

An enduring,
autharitative

Use technological
innovation to an

Models are used to

inform enterprise .
P source of truth is

used over the
lifecycle

and program

. . engineerin
decision making 9 9

practices

improve support improved
communication and

Infrastructure

h Transform culture
d environments

and workforce
engineering across
the lifecycle

collaboration

Quality:
* Reduce Errors/Defects
* Improve System Quality
* Improve Traceability
* Reduce Cost

* Better

« Better

i —— I. Collab

Knowledge Transfer:
information

info sharing

access to

communication/

oration

Velocity/Agility: User Experience: I
* More Reuse * Manage Complexity
* Improve Consistency || ¢ Improved System
* Increase Efficiency Understanding

* Support Integration + Automation

Systems Engineering Research Center

Adoption:
» Methods/Processes
* Roles/Skills
* Training/Tools
* Leadership support
» Change Mgmt Process
* Resources

Higher level support
for automation

Use of tools and methods that automate
previously manual tasks and decisions

8.6 Product Automation
8.7 Deployment Lead Time

Early Verification and
Validation (V&V)

Moving tasks into earlier developmental phases
that would have required effort in later phases

8.4 DE Anomalies
8.5 Adaptability and Rework
8.7 Deployment Lead Time

Reusability

Reusing existing data, models, and knowledge in
new development

8.4 DE Anomalies
8.5 Adaptability and Rework
8.7 Deployment Lead Time

Increased Traceability

Formally linking requirements, design, test, etc.
via models

8.7 Deployment Lead Time
8.8 Runtime Performance

Strengthened Testing

Using data and models to increase test coverage
in any phase

8.1 Architecture Completeness and Volatility
8.2 Model Traceability
8.3 Product Size

Better Accessibility of
Information (ASoT)

Leveraging an Authoritative Source of Truth
(ASOT) to increase access to digital data and
models to increase the involvement of
stakeholders in program decisions

8.7 Deployment Lead Time
8.8 Runtime Performance

Higher Level of
Support for Integration

Using data and models to support integration of
information and to support system integration
tasks

8.6 Product Automation
8.2 Model Traceability

Multiple Model
Viewpoints

Presentation of data and models in the language
and context of those that need access

8.1 Architecture Completeness and Volatility
8.7 Deployment Lead Time

DE Measurement Framework v1.0
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PSM measures are derived from business information needs

Based on objectives and issues from the [

project or enterprise levels
* Objective - a project goal or requirement

* [ssue - an area of concern that could
impact the achievement of an objective,
including risks, problems, and lack of
information

Measures should provide insight into

project or enterprise information needs

Information Information

Needs Product
Estimate or evaluation that
provides a basis for decision
making

M Algorithm combining

measures and decision
criteria

Measurement

Quantity defined
as a function of
two or more
measures

Derived
Measure

Measurement
' Function _.

Derived
Measure

Information Model

Algorithm combining two or more
base measures

Base
Measure Measure

Measurement Measurement
' Method __- Method

Base A measure of a single attribute

by a specific method

Operations quantifying an
attribute against a scale

to support decision-making {

Entities information needs

Property relevant to ]

PSM Practical Software and Systems Measurement, www.psmsc.com

See Framework for more information

DE Measurement Framework v1.0
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DE Measurement Framework ICM Table (Excerpt)

Table 7-2: Information Categories, Measurable Concepts, and Measuares

Progress

traceabality across digital
model elements? What
traceabality gaps exist?

What 15 our progress in
completing the digital model?

model traceabality for a
set of projects?

What is the modeling
coverage and progress of
the digital engineering
capability acToss projects”
What is the current upper

limat of the digital
engmeering capability?

Model Coverage
(modeled elsaments)

Information Measurable Project Information Needs Enterprise Information Potential Measures Notes (Guiding
Categories Concepts MNeeds Objectives)
Schedule and Architectural Howr complete is the What is the amount of Architecture
Progress Completeness architecture? Does the schedule and design risk Completeness amd

architecture account for all for each project? WVolatility *

required functions?

What is the architecture

Is the architecture sufficiently | progress across projects?

complete to procead with

design at acceptable risk?
Schedule and Maodel Coverage What 15 the extent of What is the extent of Model Traceability * Measurement is against

only the digital model
elements.

Maodel elements are
created to fulfill the
functions and interfaces
allocated during the
architecture and design
phases.

Size and Stability

Functional Size and
Stability

What 15 the size and scope for
the DE project or product?
How mmuach work must be
domneT

How many functions and
mterfaces have been
identified im the system
architecture or design? Howr
nmch 15 that changing?

How does DE product size
relate to estimates and
measzures of cost, schedule,
productivity, or performance?

Is the current project
similar in size and scope
to historical projects?

Is the work scope
changing? Is the schedules
and effort sufficient to
address changes?

How does DE product
size relate to estimates
and measures of cost,
schedule, productivity, or
performance?

Product Size * (MModel
Elements)

Architecture
Completeness amd
Wolatility *

Functons Identified

Functional Change
Requests

In development, product
size can be determined by
a count of model elements.

Function Volatility
includes the aspects of
contmming to identfy new
fimctions andfor having
the fimctional allocation
contimae to change.

In mamtenance, change
requests are often used as
a measure of work scope.

May 2022

“Wersion: vi1.0

26
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Example Measurement Information Model - Anomalies

Is DE leading to the detection of anomalies earlier
'nformation Need in the lifecycle compared to traditional methods?

“~PESKNISSmMovedto [ Ancemaes Orgriated, Oetected. & Rusoived

Indicator and L Tl e i AR
Inte. bbicnn ¥ arvchmetz‘x:::e'&dwgr = —]
Analysis Conpare
Modw e =
Enterprise Historical Trend — R
Digital engineering Docived o Historicai Anomalies
. . Measure z
measures and indicators :
are specified in a it Bescian tend o
structured template \
aligned with the PSM s
Measurement
1 Measurement
Information Model Moasura

Entity &
Attributes

Data

Figure 3.2-4: Mapping Data to Measures

DE Measurement Framework v1.0 Unclassified: Distribution Statement A: Approved for Public Release; Distribution is Unlimited
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Example Measurement Specification (Excerpts)

8.2 MODEL TRACEABILITY

Measure Introduction

Description

Description

The usefulness and quality of a digital model depends on the completeness and integrity of the relationships
among model elements. Traceability between elements, such as requirements allocztion and flow down to
architectural, design, and implementation components, assures that the system solution is complete and
consistent. Gaps n bi-directional traceability hetn‘een the artifacts of two models or might ]'.ndicate where

when there 1 isno implicit tracezbility het\\'een arhial:ts of d.l.ﬂferent design staaes The prerequizites ofa.m.
traceability measurement are agreed-upon, a pricn guidelines and definitions, e.g., what model elements and
relationzhips shall be traced, that apply to the specific DE model of the system. Note: While traceability
might be applied to any moedel elements of interest that shall be defined a priori, fimetional architecture
completeness always explicitly focuses on fimetions, requirements, and the associated hierarchy.
Traceability reports and analyses might be facilitated by digital modeling tools. The traceability concepts and
indicators m this specification are representative examples of more general traceability mappings znd reports
across the development Iife cycle, such as:

»  Traceability between stakeholder needs, system requirements, and allocated or derived requirements
at each level of the system hierarchy

#  Traceability and flow down of requirements to the logical or physical solution domain (e.g., design,
implementation, mtegration, verification, validation)

*  Allecation and traceability of performance measures or parameters, such as Measures of
Effectiveness (MOEs) or Key Performance Parameters (KPPs)

*  Traceability of system interfaces

inikions

Relevant
Terminology

Def

Model Element  Modeling constructs used to capture the structure, behavior, and relationships
among system mode] components (See 2.2.2 Model Element)

The a priori base model elements defined per DE model from which other model
elements shall be derived from or allocated to, e.g., a stakeholder needs.

The model elements defimed per DE model that shall be denved from or allocated to
the Source Elements.

One or more model elements defined per DE model that shall be traced, but that
have not yet been derived or allocated to Source Elements.
Note: For enhanced traceability concepts refer to the advanced topic discussion.

Source Element
Destination
Element

Traceability Gap

Information Need and Measure Description

Information Need

What is the extent of achieved traceability coverage from Source Elements, e.g., requirements, down to the
logical or physical solution domam?
What is our progress in completing the digital model? What traceability gaps exist?

Base Measure 1

Model Elements Traced [integer]

"Number of model elements ina 1
upon, a priori guideline.

. 1 source/destination element relationship(s) as defined n an agreed

Model Elements Not Traced [integer]

Base Measure 2 MNumber of model elements not in any 1_.. n source/destination element relationship a5 defined m an agreed
upon, a priori guideline
Total Model Elements = Model Elements Traced + Model Elements Not Traced [integer]

Derived Total number of model elements

Measure 1

Note: As defined in an agreed upon, a prion guideline (See Base Measure 1 and Base Measure 2).

Measures (Base, Derived)

Analysis
Guidance

Indicator(s) and Interpretation

Indicator Specification

Indicator
Description and
Sample

Model Traceability can be depicted using visual or tabular summaries of the relationships ameng model
elements. The specific mdicators may depend on the model elements for which traceability iz being
measured, and the built-in reports and analyses provided by the digital modeling tool. For example,
traceability among model elements might be implemented b\ shom.ng requirements derivation and model
traceability coverage of stalceholder needs mto system and component requirements.

Representative example indicators used to assess traceability dependencies among selectable model elements
(e.g., requirements, use cases, activities, logical architecture and design, physical design, interfaces,
parameters, measures of performance) are depicted in Figure 8.2-1. Here, mostly 2-dimensional matrices
containing model specific model elements of interest are utilized. Alternatively, the relationship between
model elements might be depicted as flow down. With respect to Figure 8.2-1 “(bottom left), 2 specific use
case 15 linked to related actions via an activity diagram.

WEE

EERRREE

Traceability Between Model Elements (Dependency Matrix) Relationships to Problem ar Solution Domain [«satisfys o erefines Matrix]

Analysis
Model

Projects and organizations shall define the objectives, constraints, and criteria for sstablishing traceability
zmong applicable model elements. This is typically guided by a modeal schema, metamodel, or blueprint that
constrains traceakbility to meet the model’s purpose.

Review and analyze traceability dependencies among model elements to assess the completeness, adequacy,
quality, and imtegrity of the digital model. The analyzis may vary according to the types of specific model
elements selected, but general gmdelmes may include:
*  Each source (parent) model element (Model Element 1) should be traceable to one or more allocated
or derived destination (child) model elements (MJodel Element 2).
+  Each destmation (child) model element (Model Element 2) should be derived from, or refine, a
parent requirement or model element (Model Element 1).
*  Determine if the set of linked dependencies are, in aggregate, sufficient to adequately implement the
parent requirement or model element.

Decision Criteria

In case a desired model traceability coverage (Derived Measure 2), e.g., 70%, of model elements of interest
has not been met, the team shall specifically address these gaps. To validate whether the system mests
stakeholder needs, at mmimum, the system requirements should be traceable to these stakeholder neads.
Model elements that do not gatisfy requirements, might be obzoletz and shall be evaluated.

Again, the prerequisites of any decizion making are agreed-upon, a priori guidelines and definitions, e.g.,

what model elements and relationships shall be traced, that apply to the specific DE model of the system

Additional Information and Guidance

Additional
Analysis
Guidance

Implementation
Considerations

Information
Category

Measurable
Concept

Relevant Entities

Attributes

Data Collection
Procedure

Data Analysis
Procedure

DE Measurement Framework v1.0
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Digital Engineering Measurement Framework — Example Indicators

Architecture Completeness and Volatility

Functions Completedversus Plan and Volatility Over Time
140

Re-baseline of
functions identified \_

-
N
o

100
80
60
40

Number of Functions

20

T0 T1 T2 T3 T4 15 T6 17 T8
Time (T)

— Source Functions Total Functions

Allocated Functions == == Allocated Functions (Projected)

T9

Is the architecture complete to proceed with design?

Model Traceability

Legend

» savsty

g

)
PREEEEERTEER

Traceability Between Model Elements (D Matrix)

Identifying Model Traceability Gaps (Orphans)

What is the traceability and coverage of model elements?

DE Anomalies

Anomalies Originated, Detected, & Resolved
120

[
Verification | Validation |Operations

100

Number of Anomalies
3

40
Three
Anomalies
20 Detected in
Operations
0
5 5 9 13 17 21 25 29 32

e Anioma lies Originated e Anoma lies Detected

e ANOMa lies istorical ies Discovered

Are we finding and removing anomalies earlier using DE?

Model Size Trends
1000
200
800

Model Elements

0 1 2 3 a 5 6 7 8 9 10 1

Months

~ — Baseline Estimate Latest Estimate =e===- Planned Complete

12

13

Product Size (Model Elements)

Actual Complete

What is the size and scope for the DE project or product?

Adaptability and Rework

Anomalies Open
20 System Rqmts System Design Implement | Integration | Verification | Validation |Operations
45 Architecture | Definition L
40
8
=35
©
§ 30
| =]
£
(=]
g2 / '\
s \
z
10
5 N~ ,-\h/
0
1 5 9 13 17 21 25 29 32
e Anioma lies Open (including Deferred)

Is product quality adequate to be used in subsequent phases?

Rework by Affected Model Size
|
197
= o
s .
= I
T = el ET Rt
£ - | 160
z e
i m B 125
%7 630 %5 o5
75
m > =N
20 53
0 50 100 150 200
Model Elements

250

How much rework is for planned and unplanned changes?

DE Measurement Framework v1.0
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Digital Engineering Measurement Framework - Example Indicators

Product Automation Deployment Lead Time Runtime Performance

Product Generation Prosress(Project) Deployment Lead Time SW capability runtime - Seconds(s)
i Al runtime Werations plott
(Solid bars are measured; crosshatched bars are planned) ‘ ploed

100% r 350

90%
e I III,.III:!
R I I a1 B
> i 4 L 2
k- 0 g T
> =
L IIIII I l i
& 50% L. =
s i | 150 B ga
© 40% a i
£ =
8 0% I I L 100 3
L 20%

50
R 0%
12 34 5 6 7 8 9 101112131415 16 17 18 19 20 21 22 23 24 25 1 2 3 a4 s 6 7 8 9 10 11 12 13 14 15 g4 & E
Weeks Deployed capability L
m Automated Artifacts T Manual Artifacts = Not Addressed N
— Planned am—Total Artifacts . Queued_Time CCycle_Time BB Deploy_Time ====Deployment Lead Time Goal o o 7 s e e e

What percentage of artifacts are automatically model-generated? = How long does it take to deploy an identified capability? = What is the likelihood performance will meet operational needs?

Excerpts only from DE measurement specifications. Some specs have multiple sample indicators. See framework Section 8 - Measurement Specifications for details.
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Tying it all together - DE measurement framework concept

Updates to Product Baseline

Dev. Work Dev. Work
Authorized Completed
Capability le Cvcle Time (8.8 > Capability
Requested [ y (88) Deployed
I4 Deployment Lead Time (8.8) :I
<+ Effort and Schedule - Planned or Unplanned >
Less More
.
* Model-Driven . * Traditional
R Adaptation and Rework (8.6) « Manual
Configuration ) Automation -
Control Board D L
Change Request Change
. Product Baseline *  Perfective |  Assessment, Model Updates T Integration & Test
|[ (Prior Development) +  Adaptive Prioritization, and (1&T) ‘ Deployment
| + Corrective (8.4) Planning ‘
| A Iy |
| \
| v |
| Digital Model |
| {requirements, architecture, design, structure, behavior, integration, testing, ..) |
| Iteration \
| I |
| K ‘) < Model Traceability (8.2) =1 : > \
| = : \
| \
| \
| \
| \

DE Measurement Framework v1.0
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Where do we go from here?

- DE measures for the enterprise

- Measure breadth of usability and user experience with digital tools

- Measure return on investment

- Measure additional productivity indicators related to velocity and agility

- Measure additional indicators that isolate new value to the enterprise through DE, in
areas such as quality and knowledge transfer

- Measure enterprise and personnel process adoption

- Maeasure usability and user experience with digital tools

- Supportability and maintainability measures (impact assessment agility)
- Measures for security

- Identify typical digital artifacts

- Specify leading indicators

DE Measurement Framework v1.0 Unclassified: Distribution Statement A: Approved for Public Release; Distribution is Unlimited 13
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Summary - Digital Engineering Measurement Framework v1.0a

Ncos:  INIDIN Al

REROSTIC SYSTEMS @ AEROSPACE

ASSOCIATION RESEARCH CENTER

* Lack of common measures and established best practices have inhibited digital transformation

The v1.0a release of the DE Measurement Framework establishes an initial consensus from our partners as
a starting point to advance a discussion across industry — some measures are conceptual

This initial DE measurement framework proposed by our team of representative stakeholder experts is intended to help projects and enterprises
establish an initial path toward a measurably effective transition and implementation of digital engineering methods. It is but the first steps along
this path, it will be a long and challenging but rewarding journey, and our industry will learn, iterate, and evolve as we go. We hope enterprises

across a variety of application domains will find this initial measurement guidance useful to assess the effectiveness of their respective digital
engineering transformation initiatives.

Help us improve it! Participate in reviews, provide comments and suggestions, pilot the measures
proposed, and participate in the future evolution of this framework

* Contact our team leads to get further involved

Joe Bradley Cheryl Jones
Leading Change LLC Practical Software and Systems Measurement (PSM)
josephbradley@leading-change.org cheryl.l.jones128.civ@army.mil
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