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PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Digital Engineering Measurement Framework - Project Overview and Timeline

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

Established collaborative WG (9/14/20)
(PSM, NDIA, INCOSE, AlA, SERC, Aerospace, OUSD R&E, ...)

2021

Follow PSM process to define
DE measurement framework

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

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 Iterative Development Measurement 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

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?

4—————Framework ————»>

2022

Initial framework draft for review (Jan 2022)
Publication release (June 2022)
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Initial Measurement Specifications

Team product development

* Front matter (concepts, termes, ...)
* Information Needs (ICM Table)
* 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

DE Measurement Framework v1.1

UNCLASSIFIED


https://www.psmsc.com/CIDMeasurement.asp
https://sercuarc.org/results-of-the-serc-incose-ndia-mbse-maturity-survey-are-in/
https://sercuarc.org/wp-content/uploads/2020/06/SERC-SR-2020-003-DE-Metrics-Summary-Report-6-2020.pdf
https://sercuarc.org/wp-content/uploads/2020/06/SERC-TR-2020-002-DE-Metrics-6-8-2020.pdf
https://www.psmsc.com/Downloads/Other/SELI-Guide-Rev2-01292010-Industry.pdf
https://www.psmsc.com/Downloads/Other/SELI-Guide-Rev2-01292010-Industry.pdf
http://www.psmsc.com/DEMeasurement.asp

UNCLASSIFIED

PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

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)

eneneenne  INCOSE “Dlh
RESERRCH CENTER
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Engineering across the Enterprise (SERC-2020-SR-001) =
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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

Primary Benefits | Description Applicable Measurement
SYSTEMS Summary DE Success Measures Framework Specifications
Teacmben conres Higher level Use of tools and methods that 8.6 Product Automation
An enduring Use technological Infrastructure support for automate previously manual 8.7 Deployment Lead Time
Models are userd to authontative‘ innovation to and environments WE ey T automation tasks and decisions
T TE T AT source of truth is improve support improved a!-'d wc_rrkforce p p p .
and program used over the T communication and engineering across Early Moving tasks into earlier 8.4 DE Anomalies
decision making lfecycle i collaboration the lifecycle Verification and | developmental phases that 8.5 Adaptability and Rework
Validation would have required effort in 8.7 Deployment Lead Time
_— Knowledge Transfer: (V&V) later phases
Qua“tY- « Better access to Reusability Reusing existing data, models, | 8.4 DE Anomalies
» Reduce Errors/Defects information and knowledge in new 8.5 Adaptability and Rework
* Improve SyStem Quality L development 8.7 Deployment Lead Time
I * Better communication/ — . .
o Improve Traceab|||ty . ) Increased Formally linking requirements, | 8.7 Deployment Lead Time
info sharlng Traceability design, test, etc. via models 8.8 Runtime Performance
* Reduce Cost ——.c :
L e | + Collaboration Strengthened Using data and models to 8.1 Architecture Completeness and
. . u . Testing increase test coverage in any Volatility
VE'OCIty’AgIlItyZ User EXP9”9|1093 Adoptlon: phase 8.2 Model Traceability
* More Reuse « Manage Complexity || « Methods/Processes 8.3 Product Size
. |mprove ConSiStency ¢ Improved System * Roles/Skills Better Leveraging an Authoritative 8.7 Deployment Lead Time
* Increase Efficiency Understanding » Training/Tools Accessibility of | Source of Truth (ASoT) to 8.8 Runtime Performance
) . . Information increase access to digital data
« Support Integration + Automation * Leadership support (ASoT) and models to increase the
* Reduce Time . Change Mgmt Process involvement.O.f stakeholders in
\—//_7 « Resources program decisions
Higher Level of Using data and models to 8.6 Product Automation
Support for support integration of 8.2 Model Traceability
Systems Engineering Research Center 5 Integl‘ation information and to support
system integration tasks
Multiple Model Presentation of data and models | 8.1 Architecture Completeness and
Viewpoints in the language and context of | Volatility
those that need access 8.7 Deployment Lead Time

DE Measurement Framework v1.1

UNCLASSIFIED




UNCLASSIFIED

PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

PSM measures are derived from business information needs

Based on objectives and issues from the Needs Product

project or enterprise levels

* Objective - a project goal or requirement ﬁf

* /ssue - an area of concern that could
impact the achievement of an objective,
Quantity defined

including risks, problems, and lack of ] Deorived BT Quantity define:
information Information Model  Measure _ Measure two or more

measures
Measurement
' Function _.
Base
[ Measure . Measure
Measurement Measurement
' Method _. Method _.-
to support decision-making

PSM Practical Software and Systems Measurement, www.psmsc.com See Framework for more information

[ Information Information ]

Estimate or evaluation that
provides a basis for decision
making

Algorithm combining
measures and decision
criteria

Measurement

Algorithm combining two or more
base measures

Base A measure of a single attribute

by a specific method

Measures should provide insight into

Operations quantifying an
attribute against a scale

project or enterprise information needs

Property relevant to
information needs

“—’

DE Measurement Framework vi1.1 5
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DE Measurement Framework ICM Table (Excerpt)

* = Measurement specs written for inclusion in v1.1 release

Information Measurable Project Information Needs | Enterprise Information | Potential Measures Notes (Guiding
Categories Concepts Needs Objectives)
Product Quality Functional Are we finding and removing | How many anomalies DE Anomalies * For digital engineering
Correctness anomalies early in the life were released (escaped) to focus on the defects for
cycle using models and operations? modeling and simulation
shared information? (including drawings).
Is the use of DE leading to
Is the quality of the product the detection of anomalies
in question adequate for the earlier in the lifecycle
product to be used in compared to traditional
subsequent phases or methods or projects)? Has
activities? the detection curve shifted
to the lefi?
Product Quality Functional How much rework effort is How much is rework Adaptability and Completion of work
Correctness spent maintaining planned or | reduced through use of Rework * products requires defined
unplanned changes to DE DE? . ] acceptance criteria.
work products across the life ﬁ_‘“‘"pmmc D,f Rework is required when
cycle? Can changes to work 'l(;oor:ipl‘ﬂ.ci;\;tllc the acceptance criteria are
products be implemented r uth_{‘ nde ] not met.
. - Elements, Artifacts)
more efficiently and with
IESS_'.QITDH ina DE. ) Rework or Rework
environment relative to
traditional methods? Defects
Product Quality Functional What traceability gaps or Is architectural Model Traceability *
Correctness defects exist in the digital traceability improved -
. ~ . - Traceability
madel? using digital engineering .
methods relative to Anomalics
Does model traceability traditional approaches?
support change impact
assessments (requirements,
design, compliance)?
Process Process How many released, Is the organization Model Element
Performance Effectiveness validated system learning how to reduce the DE Anomalies
definitions‘analyzed elements | number of defects
were functionally correct, but | released to operations?
retumed for rework?

DE Measurement Framework v1.1
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Summary of v0.95 Public Review Comments

Practical Software Count of Resolution Column lﬂ
& Systems Measurement
Objective Information for Decision Makers Organization AIP AIP / Defer AIP /R Defer Defer/AIP N/A
HOME | PRODUCTS | SERVICES | EVENTS FORUM | CONTACTS Aerospace 36 36 6 2 3 1 9 93 . .
AFIT 1 1 1 1 3 7 Significant changes from v0.95 to v1.0
Digital Engineering (DE) Measurement Framework T 1 7 1 s m R Clarify terms and definitions
e e S e e e o |ALP Intemational 1 * Address editorial and technical
to hel, it t ition fr traditional df it and artifact-based devel t to a digital medel- f . .
based falure and assess the measurable mpacis and benels ey aspie fo acheve, Collins Aerospace 1 1 1 comments to indicator specs
A successful measurement program depends on establishing a clear context and operational definitions Rt 5 2 1 2 11 ® consolidate Defect Detection and Defect
for the measures to be collected. The Digital Engineering (DE) measurement framework was developed DHS 2 3 2 1 3 11 . « . ’
using an approach based on Practical Software and Systems Measurement (PSM), detailing common ReSO|utI0n SpeCS tO DE Anomalles
information needs to derive an initial set of digital engineering measures. This is documented in an DoD 1 1 2 P 'd dd't' | 'd .
“Infq tion Cat M, ble C t-M " (ICM) Table, d bed in Section 7. Thi o °
\nr;oi;ﬁn;?\gorlnne:désgggytjre::;:::\a :ndotr;wceegrojeecitas(;;epsrodum))anad eemeer:fwgeeper‘gpei%:;: cWhael do we General Dynamlcs 4 7 2 1 14 KB E itiona gu‘ al:‘ce_ln
vant to know with 't to th 15?) t d htand d d -maki The f work
Weiiies an il et of messurs  addross hese formation needs. For i ighest proty measures, | TR 13 9 1 23 measurement specs and indicators
I t ficati h; by developed to d be th detail al th H H 1 H
zimg:czfe;star:”r’njz;e specifications have been developed to describe these measures in detail along wi INCOSE 6 23 4 4 5 2 44 ° Expanded descrlptlons Of app|lcab|e Ilfe
L3Harris 4 6 1 11 i
This initial DE measgrememframework proposed by eu(team of representative stakeholder experts is Lockheed Martin 6 12 5 D) 3 1 5 32 CYCIe mOdels (aglle’ Devops’ Waterfa""')
g;zqgﬂepri;;gg{g&rgj;cgslga‘g:‘i sg;gzgiz;?‘?;ggzz an initial path toward a measurably effective transition eE m o - - = ° SOme docu ment Section restructuring
=T VXD 1 for readability
DE Measurement Framework ver 1.1 2022-07-25 final.pdf
We welcome your feedback and comments. Please provide your comments using the form below. Naval Postgraduate School (NPS) 2 1 2 5
Email your comment form to Cheryl Jones; cheryl.l.jones128.civ@army.mil
Comments Form - DE Meas - v1.0.xlxs OSD DOT&E 5 15 8 28
The PSM DE Measurement Framework presentation is provided for reference: OUSD R&E 18 12 2 5 37
PSM_DE_Measurement_v1.1_2022-07-25_0verview_brief.pptx PSM 17 8 25
https://www.psmsc.com/DEMeasurement.asp S:I‘/th“” 1 1: ! : . ! 32
U.S. Army 1 5
U.S. Marine Corps 4 4
Volkswagen 12 6 1 19
. U.S. Navy 1 1
Technical comments are resolved. NRO 3 3 6
Grand Total 155 197 22 6 26 2 9 59 476

Final editorial review in v1.1 release
(consistency, cleanup)

A Accept

R Rejected

AIP  Accept in Principle

Defer Deferred to a future release
N/A Comment only, no action

Of 476 public review comments received:

380 Accepted in full or in principle (80%)

26 Deferred to a future release (5%)

59 Rejected (12%)

Others in some partial combination of the above

183 Editorial (38%)
291 Technical (61%)
* High: 131 (27%)
* Low: 160 (34%)

DE Measurement Framework v1.1
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Example Measurement Information Model - DE Anomalies <I

Changed term “Defects” to
“Anomalies” based on review
feedback , and consolidated 2

prior Defect Detection vs.

Defect Removed indicators

]

T PESKNaEmoved to [ B, Dt Dleted. & Resshend

Indicator and
2 —Q Q . = architecture & design e T N Ry iy e, ey —
Digital engineering Tk psttion _(versus verification). o
measures and indicators Analysis e
e . Model r/—'- - - - of &
are specified in a Enterprise Historical Trend
structured template Derived .
aligned with the PSM 1 '
. Measurement
Measurement Information I ety
Model -
Base
Measures
Measurement
Methods

Entity &
Attributes

Figure 3.2-4: Mapping Data to Measures

DE Measurement Framework v1.1
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8.2

Example Measurement Specification (Excerpts)

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 in bi-directional traceability between the artifacts of two models or might indicate where
when there iz no implicit traceability between artifacts of different design stages. The prerequizites of any
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

Indicator Specification

inicions

Relevant
Terminology

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

Source Element 10 @ priori base mndel 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.

Destination
Element

Traceability Gap

Indicator(s) and Interpretation

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 by showing 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 §.2-1 (bottom left), a specific use
case 15 linked to related actions via an activity diagram.

Additional
Analysis
Guidance

Implementation
Considerations

Information

Category

Measurable
Concept

Relevant Entities

Attributes

Information Need and Measure Description

What is the extent of achieved traceability coverage from Source Elements, e.g., requirements, down to the

Analysis

= -
; ! i
) wl..-.__! B SRS E
Y f, = o T T U
] 1L i N 1
-] L [ n 1
— | v ¥
- b s 1=l
: |- - U ) 1
Indicator B R , ' '
Description and - HRHAHH T § 8 B
Sample Ipme - M Ll
Traceability Between Model Elements [Dependency Matrix)  Relationships to Problem ar Salution Domain [«satisfys ar srefives Matrix]
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,
Analysi quality, and imtegrity of the digital model. The analyzis may vary according to the types of specific model
M ll-llyelm elements selected, but general gmdelmes may include:
o

*  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.

Data Collection
Procedure

Additional Information and Guidance

Data Analysis
Procedure

Guidance

Information Need | logical or physical solution domam?
What is our progress in completing the digital model? What traceability gaps exist?
Model Elements Traced [integer]

Base Measure 1 "Number of model elements in a 1_, n source/destination element relationship(s) as defined in an agreed
upon, a priori guideline.
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).

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

Measures (Base, Derived) Def

DE Measurement Framework v1.1
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Digital Engineering Measurement Framework - Example Indicators

Architecture Completeness and Volatility Model Traceability Product Size (Model Elements)

Functions Completed versus Plan and Volatility Over Time P S i; E rg % ; g é ‘ Model Size Trends
140 1§ = Flgll
Re-baseline of 3 0
" 120 functions identified “\_ H?h eyl X H‘MTHTTTFTHTFT?TTTT 900
2= : e - a00
§ 80 = : ¥ E?.D;EE?:: 3 3 3 'E a0
2 2 - ¥ = B £ 600
E n £ IEEE B ER'ER B e I e . 3 w0
= to Problem or Solution Domain («satisfys or «refine» Matrix) = 00
20
200
0 — 100
TO T1 T2 T3 T4 T5 T6 17 T8 T9 i 8 1 #Ridiiiiddes pdepeeddy 0
Time (T) ; : : HH 0 1 2 3 4 5 6 7 8 L] 10 11 12 13
Menths
— Source Functions Total Functions
Allocated Functions = = Allocated Functions (Projected) lden(lfvingMudelTraceatlil!lvGaps{or;hens.) —_—— li i Latest Estimate ------ Planned Complete ——— Actual Complete
Is the architecture complete to proceed with design? What is the traceability and coverage of model elements? What is the size and scope for the DE project or product?
DE Anomalies
Anomalies Originated, Detected, & Resolved
DEFECT COUNTS BY CATEGORY
420 System Aogmes | SYStEM Design ion | Verificat Validation |0y
stem Agm ceohiicetie | Cennites Implement | Integration | Verification | Validation |Operations
100 | | Process/Procedure v
8 ‘ ‘ g T
E S | ‘ o . Excerpts only from DE measurement
S w0 i 5% specifications. Some specs have
%ﬁ = | ‘ . multiple sample indicators. See
| | ntegration .
2 | e s framework Section 8 - Measurement
2 ! peteced 0 g— Specifications for details.
| 18%
5 /
1 3 9 13 17 21 25 29 32
— Ariomalies Originated m—friomalies Detected
s Ari0Ma lies Resolved m——Historical Anomalies Discovered
Are we finding and removing anomalies earlier using DE? How can we reduce the leading causes of anomalies?

DE Measurement Framework v1.1 10
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Digital Engineering Measurement Framework - Example Indicators

Adaptability and Rework

Rework Histogram (Class 1 Changes) Rework by Affected Model Size
7 120
Excerpts only from DE s a
measurement specifications. ; . . _ s
Some specs have multiple s F : - .1:9_,;-
sample indicators. See H H g T e 180
. S = e ™ Ty
framework Section 8 - 3’ 3 g . . we m
Measurement Specifications £ S = 7 68 55 s
. 75
for details. 1 - m
o 20 53
50 100 150 200 250
m— Quantity === Cumulative Percentile Model Elements

How much rework is for planned and unplanned changes?

Product Automation Deployment Lead Time Runtime Performance

Product Generation Progress(Project) _ Deployment Lead Time SW capabllity runtime - Seconds(s)
(Solid bars are measured; crosshatched bars are planned)
100% r 350
180
- 1]
=
& I I I - FTTIr 200 160
s | i a7 B
= ok e 4 L 250 £ 140
: Ty i :
T 60% £
% I - 200 <
o 50% - E o 100
= F L 150 2 3 g go
o 40% e &
£ "
30% I i 60
:E: I 100 B
£
E 0% - 40
R 0% 20
0% i 0 E
1 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 25 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 §
Weeks Deployed capability
- sutomated Artifacts T Manual Artifacts B Mot Addressed P '
— larined —Total Artifacts R Queued_Time C—JCycle_Time Bl Deploy_Time ====Deployment Lead Time Goal ° e =0 SW capanity runume - Seconds @) 0 0 D b78ccarT5e67355, G oA
- o5, Capabity

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?

DE Measurement Framework v1.1 11
UNCLASSIFIED



UNCLASSIFIED

PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

1ying it all together - DE measurement framework concept

Capability
Requested

I‘

I*-I

Product Baseline

(Prior Development)

Engineering change

Dev. Work Dev. Work
Authorized Completed
e i > Capability
[ Cycle Time (8.7) » Deployed
Deployment Lead Time (8.7) :I
< Effort and Schedule - Planned or Unplanned >
Less More
\
* Model-Driven + Traditional
« Automated Adaptability and Rework (8.5) « Manual

|

. Product Automation (8.6)
Eng. Review Board

A

A J

Change
o Assessment,

requested
* Perfective
* Adaptive

Iteration
~

I

A

* Corrective (8.4)

Model Updates Implementation

7 Prioritization, and
Planning

Integration & Test
(1&T)

Product Size (8.3)

A

y Y A

Digital Model

(requirements, architecture, design, structure, behavior, integration, testing, ..)

Architecture Completeness and Volatility (8.1)

Model Traceability (8.2), Runtime Performance (8.8)

Updates to Product Baseline

Deployment

DE Measurement Framework v1.1
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Where do we go from here?

- DE measures for the enterprise
- 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

- Measure breadth of 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 v1.1 13
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Summary - Digital Engineering Measurement Framework v1.1

Ncose  NIDIN Al

SCREEME (A AEROSPACE

ASSOCIATION RESERRCH CENTER

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

The v1.1 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

e Contact our team leads to get further involved

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

DE Measurement Framework v1.1 15

UNCLASSIFIED


mailto:joseph.bradley@mainsailgroup.com
mailto:cheryl.l.jones128.civ@army.mil

UNCLASSIFIED

PRACTICAL SOFTWARE AND SYSTEMS MEASUREMENT

Architecture Completeness and Volatility

Information How complete is the architecture? Does the architecture account for all required functions?

Need Is the architecture sufficiently complete to proceed with design at acceptable risk?

Example indicator — Functional Architecture Completeness | |

140 Function
Re-baseline of Total Functions Functions | Volatility | Percent
120 functions idemtifisd Data | Source | Derived Total Change |Allocated| Allocated [(Allocated)|Functions
£ f Point |Functions |[Functions [Functions | Per Time |Functions | (Remaining)| Per Time |[Allocated
% 100 . - TO | 25 25
% 20 T1 25 10 35 10 15 20 15 0.43
L'; Allocated Functions T2 25 50 75 40 40 35 25 0.53
w6 T3 31 70 101 26 55 46 15 0.54
'E EN T4 31 75 106 5 52 54 -3 0.49
5 TS5 31 75 106 0 15 31 23 0.71
20 Source Functions T6 31 70 101 5 85 16 10 0.84
0 T7 29 80 109 8 90 19 5 0.83
W T T2 T3 T4 15 T6 T¢7 T8 TY L © = 0 = 2 0 o2
g A T9 29 80 109 0 106 3 6 0.97
Time (T} (Milestones) — Total = Source + Derived — Volatility =
Changes / Time
Functions Completed vs. Plan and Volatility Over Time

Total functions

Completeness =
not yet allocated

Functions Allocated /
Total Functions

(Source Functions + Derived Functions)

Evaluate iterative progress toward completion of an architecture (functional, logical, physical) based on allocated functions and interfaces.

Completeness and stability of the architecture provides a direct view into the maturity of a system development.

DE Measurement Framework v1.1 16
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Model Traceability

What is the extent of achieved traceability coverage across model elements?
Information : - : : : , ,
Need What is the extent of traceability from requirements down to the logical or physical solution domain?
What traceability gaps or defects exist in the digital model?
Legend B[] Padages L?:::ih E 8 = : .
i DH:,” ”aﬂ'}? 8- BB ﬂB', , gé E:l. 9 9 ] S E !
ST SEELE([[EIR(§((I1 S— L  failitated by moder disital
$iidiesdidiids pha, ile ! raceabi ity reports an analyses are greatly aci 1'tate y modern ‘1g1ta'
- : 0000000000000 ' ] modeling tools. The traceability concepts and indicators in this specification
STl i EREEAEAEEEEEEEAEEEEE ) o i
T . P vl e e ey E—— are representative examples of more general traceability mappings and reports
@ 1 3l . (O ArchiveProcessedMesonData 1 " ]
= 1 K PPy - = 1] across the development life cycle, such as:
@ : . & Exrermning . . .
= - £ Otmprnn T HE _ e  Traceability between stakeholder needs, system requirements, and
- PlaceAlProcessedFiesinDatastore |11 1 P . . .
@ SEE o . Lo B . allocated or derived requirements at each level of the system hierarchy
ulj- 5 5 v s Fa U v 2 S Rscordhasiie; s voudcdes) i - K | .qe . . .
5 E THRMUHY P : O perensoredriconarrce . - . e  Traceability and flow down of requirements to the logical or physical
Traceability Between Model Elements (Dependency Matrix) Relationships to Problem or Solution Domain («satisfy» or «refine» Matrix) SOlution domain (e'g'a deSigna implementationa integrati0n9 Veriﬁcationa
— validation)
o Allocation and traceability of performance measures or parameters, such
; } 3 REET as Measures of Effectiveness (MOEs) or Key Performance Parameters
a8 8 B8 I;.] FEEEEEEEEEEE BOEEEEEED (KPPS)
o Traceability of system interfaces

Identifying Model Traceability Gaps (Orphans)

Relation Map Diagrams (Model Traceability, Ownership) Excerpts from: ‘MBSE and Requirements Analysis, key to Successful System Engineering’, M. Osaisai and F. Markham, 2019 MBSE Cyber Experience Symposium.
Used with permission from Macaulay Osaisai. All other rights reserved.

Assess traceability between modeling elements to assure allocation, flow down, and coverage.

Evaluate gaps to assure the system solution is complete and consistent.

DE Measurement Framework v1.1 17
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Product Size

Information What is the size and scope for the digital engineering project or product? How much work must be done?
Need How does product size relate to estimates and measures of cost, schedule, productivity, performance, or ROI?
Model Size Trends Model Size ‘E:: S:hedulenﬂelatlonship
onceptua . e e .
e 20 Product Size is initially proposed as a count of model elements (pilot).
B00 5 ¥ =0.0178¢+3.8017 .-
g + e = &
5 oo £ Y Several candidate measures could be derived from product size
i g T measures, such as these below.
B Pl . .
i g ELT * Productivity = (Product Size) / (Effort)
0 s * Number of model elements generated per unit effort
Nonths ° (e.g., model elements / labor hours)
) ) . a 200 400 800 200 1000 1200 1400 . A
— — Baseline Estimate Latest Estimate —-—-—- Planned Complete Actual Complete Number of Model Elaments ° Progress — (Product SIZC actual to date) / (PrOduct Slze p]anned)
T ——— — DUV Mission Reuse Savings Proportion or percentage of planned model elements completed for
(Actual vs. Planned) Total Actuat 1,110 120 | mmm Nomreuse Size 5 characterizing progress and work remaining. Can also be used to
I Piniel laieirs: fmpaodel Elemdits " W Reuse Size characterize growth and stability (actual size vs. plan).

5
g
8

* Throughput = (Product Size) / (Duration)
Number of model elements completed per calendar period, e.g., elements /
month. Can also be used to characterize a size vs. schedule relationship.

E 8888
=]

.
Cumulative ROI

&

‘Btal Equivalent System Size
B

Model Elements

B

8
[¥]
o

.ll“l“lll““lll“l“"l“

1 2 3 4 5 6 7 8 9% 1011 12 13 14 15 16 17 18 19 20 ISR MCM ASW InspectOcean CN3 Payload 0 TS
Development Iterations UUV Mission

=]

Product size can be used as a proxy for deriving other measures (e.g., effort, schedule, productivity, capability).

Currently proposed as a count of model elements to help advance further industry discussion.
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DE Anomalies

Information
Need

Is the quality of the product adequate to be used in subsequent phases or activities?
Are we finding and removing anomalies early in the life cycle using models and shared information?
Is the use of DE leading to detection of anomalies earlier in the lifecycle compared to traditional methods or projects?

How can DE and modeling efforts be improved to reduce the leading causes of anomalies?

Anomalies Originated, Detected, & Resclved

120

System Ramis | VST i

sign
Architectare | Definition
100

Number of Anemalies
2

imglement | Integration | Verification | validation |Operations

Anamalies

Detectzd in

== Anomalies Opan (including Daferred)

[ ?ue"am:\ns
0 L
1 5 9 13 17 71 25 29 32
—tnomizlies OFiginated —Lr0ma lies Detected
— 4oz lles Resohled s 1510 121 Anomnalies Discoverad
Anomalies Open
o System Rgmts Nf::;’:ﬂ D;JFT::El:n |mplement | IMegretion | verification | validation |operations
0
"
2 35
=
)
g
25
o
T
s
=4
10
. T ——
0
1 5 ] 13 17 1 5 bL:] 2

DEFECT COUNTS BY CATEGORY

Process/Procedure

Environment

interfaces 4%
13%

Standards

Integration
11%

Improved system quality and early defect detection are primary benefits expected
from DE.

* Anomaly is the term used to discuss deviations from expectations
(e.g., errors, warnings, defects, change orders, problem reports, corrective actions)

Anomalies are collected, analyzed, and monitored across lifecycle activities or
boundaries (e.g., stages, phases, iterations, releases)

Analyze attributes of anomalies to enable root cause analysis and improvement
actions, such as:

Date timestamps
(opened, closed, state transitions)

Anomaly state
(open, in work, resolved, closed, ...)

Work activity
(originated, detected, resolved)

Work product type Product identifier Anomaly category

Severity Customer impact Rework effort

Anomalies Detected and Rework Effort Over Time
DE/Model-based versus Traditional Engineering

Maodel-Based
il Traditional Engineering

Measure the effectiveness in timely detection and removal of anomalies during development (saves) vs. down stream activities (escapes).

DE Measurement Framework v1.1
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Adaptability and Rework

How much rework effort is spent maintaining planned or unplanned changes to digital engineering work products across the life cycle?

::I‘:Z::lmatlon Can changes to engineering work products be implemented more easily and with less effort in a digital engineering environment relative to
traditional methods?
Rework Histogram (Class 1 Changes)
’ Traditionally, rework measures are focused on the effort to implement
F corrective actions for repair of defects. Here we envision the broader use
’ « % of rework measures enabled through digital engineering to include change

&

management, adaptability, and impact assessment contexts beyond simply
the correction of defects.

w

Cumulative Percen

REWORK BY DEFECT CATEGORY

[

Algorithms

Reauirements ; T * Corrective actions — repair of anomalies or defects

Mumber of Changes by Week

* Perfective actions — planned or scheduled enhancements

» Adaptive actions — adapting configurations to other environments

NN Quantity =———Cumulative Percentile

Ao Typically driven by change requests, under the governance of a
Configuration Control Board (CCB) or equivalent.

Rework by Affected Model Size

= Model-driven products can be more resilient to changes with reduced

197 Interface

T o e iehavior 1
? ; = ., pehan rework impact
e M 170 . . .
g . . o 189 * Analyze rework distributions (effort; cost; schedule; resources) for a
5 R L | .
i L set of changes or attribute types
g7 6Bl a5

| > 75

u 35 N

20 53

0 50 100 150 200 250

Model Elements

Measure how readily changes (planned and unplanned) can be implemented.

Model-based products can be more resilient to changes and facilitate automated product updates.
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Product Automation

. What percentage of artifacts are automatically generated from digital models?
Information

Need To what extent are artifacts facilitating program reviews?

How much is automation contributing to meeting performance and quality objectives?

Product Generation Progress(Project)

T
alREOTEY RS s 1
|||

L

I-

- Model-driven development provides opportunities to automate engineering processes and generation
0 of work products that have often been done manually in traditional approaches.

100%
90

R
w
=]

80

R
~
a
=}

70

xR

Model-based work products such as requirements, architecture, design, use cases and other views or
modeling artifacts can be automatically generated and published directly from modeling tools, at
significant savings in effort relative to traditional documentation-centric approaches.

6

S
B
o
o
<3

50

xR
-
Q
o

40%
30%

=
o
=]
Total Digital Artifacts

% Artifacts Generated or Verified

- % Examples:
10%
o 123456 78 91011121314151617 18 19 20 21 22 23 24 25 8 * % Of dlgltal mOdel artifacts prOduced via automation
Weeks
B e e * % of requirements verified through automation of digital model parameters and constraints

@D lanned wm—Total Artifacts

* % of labor hours spent generating digital artifacts through automated vs. manual methods

Model-Driven Milestone Review Summary (Project)

100% 3500

3000
42%
1273 2500

2000

Potential benefits:

* Process efficiencies. Labor reductions. Shorter cycle times. Less rework. Earlier V&V of
solutions.
1500

* Automated model-based generation of milestone review artifacts.

1000

% Artifacts Generated or Verified
g
xR

Total Digital Artifacts Reviewed

500

o — o o 8 Objectives for the extent of model-driven automated artifact generation may be specific to the product
B Auomated Artfacts  Weeks I Manual Artfacts or domain. Automation in the range of 70%-80% is often beneficial in producing improved
e Target Model-Based % e==Total Artifacts

performance outcomes, but this may vary by domain or application.

Measure the extent to which work products and reviews can be automated through digital models
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Deployment Lead Time

How long does it take to deploy an identified feature or capability?

Information

Need How long does it take to deploy a viable product for operational use after a request is received?

Where is the deployment bottleneck; in planning/backlog, implementation, or deployment of the implemented capability?

Deployment Lead Time
(Solid bars are measured; crosshatched bars are planned) L Deployment Lead Time

Iq— Queued Time —+— Cycle Time —plq— Deploy Time _.l

120 % I
2 mg | | | |
8 s Work Work Work Work
60 Identified Started Completed Deployed
40
2 = =
i T E & 5% PR Mm@ " Shorter deployment lead times and cycle times can indicate more efficient delivery/deployment flow and quicker

Deployed capability

response to business objectives or mission needs. Longer deployment lead times and cycle times are often correlated
to the scope, product size, and complexity of work products.

mm Queued_Time 1 Cycle_Time E Deploy_Time ====Deployment Lead Time Goal

Attributes characterizing the relative work performed (e.g., product requirements, model elements, product size,

Cycle Time Histogram

Tood complexity) can be used to normalize and synthesize comparable work performed under similar defined conditions.
e Oftentimes, deployment requires coordination with the acquirer or operational environment outside the supplier’s
ices control. From the supplier’s perspective, potential delays in scheduling access to the operational environment can
s0% greatly affect overall Deployment Lead Time. For these reasons, measures based on Deploy Time can be interesting

e and useful to some extent but may be not as repeatable or actionable as Cycle Time which is more under direct project

20% control.
10%

0% Under consistent conditions, deployment lead time can be used as a measure of team capability and throughput.

1 2 3 4 5 6 i, 8 9 10 11 12 13 14 15 16
mmm Cycle Time (Days) e=Percentile n=40

Measure how rapidly authorized system capabilities can be engineered, developed, and delivered for use in their intended operational environment.
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Runtime Performance

What is the runtime performance of the capability or system?

Information

Need What is the likelihood that runtime performance will meet operational requirements?
ee

Where are the runtime performance bottlenecks, and how can operational performance be optimized?

SW Capability Runtime - duration in second(s)

Performance analysis is critical to early requirements development, architecture,
and design processes to ensure the ultimate target solution is feasible. This is
Performance Benchmark generally done through sophisticated models, simulations, and prototypes to
validate applicable algorithms or ranges of performance prior to final
implementation and deployment in the operational environment.

The tech stack hosts models that form a digital twin.

Runtime performance is a particular concern for models that tax the computing
infrastructure, where data latency or sluggish infrastructure performance can
have significant adverse effects on the digital design effort.

100 200 300 325 375400 450 500 600
‘SW capabilty runtime - Seconds(s)

Performance analyses can be plotted to tailor future capabilities to their
expected environments and workloads.

°°°°°°°°°°°°°°°°°°°°° © 2021 by Richard Halliger. Reprinted with permission.

Measure the time it takes a software system to perform or execute capabilities or assess alternative model-based solutions.
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