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Digital Viewpoint Model (DVM) Framework Overview
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Digital Viewpoint Model (DVM)

Digital Engineering Information Exchange Working Group (DEIXWG)

— Collaboration between the International Council of Systems Engineers (INCOSE), National
Defense Industrial Association (NDIA), and the Office of the Under Secretary of Defense for
Research and Engineering (DoD OUSD(R&E))

— The DEIXWG supports the strategic objective of accelerating digital engineering transformation
by characterizing the content and relationships involved in the exchange of digital artifacts
between stakeholders of various disciplines throughout the engineering lifecycle

« The Digital Viewpoint Model (DVM) is an implementation-agnostic (platform independent),
referenced framework developed from DEIXWG

« The DVM provides a high-level framework for describing sources of digital information in a digital
engineering ecosystem (DEE)

« The DVM also conceptualizes how that information can be transferred, translated, transformed, and
related for the purpose of exchanging digital information between stakeholders... who might not have
the same DEE infrastructure or standards
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Conceptually Relating Different Metamodels

e  To address the inter-disciplinary data exchange challenge

— Create a mapping schema to relate elements, but as with integrating multiple simulations, that can only
be done if the elements are conceptually relatable

<<SysML Block>>

Conceptually, the “mass” of the “car” .

is the sum of the masses of all
physical parts, without tires, fuel,
fluids, cargo, or vehicle occupants... <<CAD Assembly>>
| Car

But is that the same assumption for
each of the three example model
elements shown...?

<<Matlab Class>>
Car
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Digital Viewpoint Model (DVM)
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DVM Framework Overview

° Deﬁned at the Conceptual |eve| bdd [Package] 00 DVM Concept Ontology [ [ 00 DVM Concept Ontology - Simplified ]

* Allow stakeholders to extend them Tocks —
with more specialized concepts Earts e R certs

« Can be specialized to a given domain
or need

« Instead of defining a set of all-
purpose views, the framework simply
provide guidance in defining views for e —— o
specific exchanges “ -

« DVM is about how to better define
what needs to be eXChanged’ not the While the DVM is modeled using SysML, the concepts are
|mplementatlo_n Of the eXChange and agnostic of any particular language, too/,’ or infrastructure
associated artifacts

« The DVM is divided into four
interconnected ontologies

provides for
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DVM: Exchanging Data Related Across Different Metamodels

Digital View

Digital Artifact

2-6 July 2024

Concepts

Concepts

package 00 DVM Concept Model Ontology [ [ 00 DVM Concept Model Ontology ] |

(Product Concepts: Digital View Concepts

[Assessment Point | has [ Lifecycle Phase | i’ArcNIecmre Framework

(Product Concepts: Digital

fact Concepts )
receives data from |1.* [ curaton | governs work activity | 1..*
R a

’ " Digital Artifact

asserts |1.*

[ «blocks

Digital Artifact Quality

Specific Classifier =
[=lProvenance
[=dCreaibiity
[=Precision
= Trustworthiness
=M aturity Level

|
|
y |
has archiecture framework |1 {complete, dspint)
has viewpoint [1.* | has [1.* practices [1..*
conforms to | Digital Viewpoint | addresses |Perspective [
|
|
|
|

[ Supplier Acquirer

linteract with [ se
| comples wih |1.*
comples with S
1.
conforms to domain [ mai
1

conforms o syntax

(subsets is produced by)
manages s managed Ey | .
| Technical Baseline | [Configuration Control

Work Product |produces is produced by Work Activity

e 1
has digital artifact is contained in has work product |1

Ardciaims valdty of l : [ Analysis Output  |generates s generated by [ Analysis

accesses |1 }%‘

{subsets produces} {subsets is produced by} p

is yieided by|
1
{subsets generates)  {subsets is generated by)

is element of | Digital System Model | inked to i
T
is inked from |

is accessed by |1
has eipment | Model Element s composed of Application

Is part of
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DVM: Stakeholder Concepts Framework

. Describe.the sftakeholders
involved in a given exchange of
d |g |ta| |nfo rm atlon with respectfo pra'cticed by

« (Can be applied to any
stakeholders exchanging digital e B L
information, whether they are ol
from the same or different
organizations

 The perspective defines the
specialized stakeholder needs
that drive associated work activity
and requirements for the digital
view

bdd [Package] 00 DVM Concept Model Ontology [ @ 01a DVM Concept Model Ontology - Stakeholder ]




DVM: Digital View Concepts Framework

) ThIS framework SpeCIerS bdd [Package] 00 DVM Concept Model Ontology [ [ 01d DVM Concept Model Ontology - Digital View ]
concepts used to describe ,
— Specify concepts describing e
digital views
— Specify applicable standards and vewpont 1.
Syntax —— - nfor

usability

— Influence of digital views in scabity
system life cycle
« Therelationship between digital
views and viewpoints is specified

« New digital views and viewpoints B
can be conceptualized as
extensions of these base
concepts




DVM: Digital Artifact Concepts Framework

bdd [Package] 00 DVM Concept Model Ontology [ @ 01c DVM Cencept Model Ontology - Digital Artifact ]

* Describe the kinds of digital
information (models,
databases, etc.) that
comprise a digital artifact to
be exchanged

« Shows how repositories and

authoritative sources of truth e
critical in specifying pedigree Sre
of digital artifacts =

* Enables specification of
digital artifact quality mandate
by acceptance criteria




DVM: Process Concepts Framework

bdd [Package] 00 DVM Concept Model Ontology [ @ 01b DVM Concept Model Ontology - Process ]

« This framework specifies e—
concepts used to describe
work products and the
activities that produce them

« Some specialized kinds of
work products and activities
can be specified

 The concepts of governance
can dictate how work activity
should be performed




Example Usage of DVM Framework
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www.incose.org/symp2024 #INCOSEIS

13



Use Case

 DEIXWG has been working with INCOSE
partners and communities to identify
opportunities for DVM usage and the benefits

A US Navy organization has reviewed the DVM
and presented results of a study at the 2023
NDIA SME conference on their use of it

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Capability/Maturity Gaps at the Engineering
Organization Level

Current guidance focuses on service-level objective and systems engineering process,
leaving Digital Engineering definitions up to local interpretation

Enterprise lacks clarity of end user Engineering Lifecycle Management requirements

Working level organizations lack a common framework around which they can base
ontologies, needs, and applications

Leadership has no clear picture of who provides the demand signal for evolution at
the working level

Numerous silo'd DE initiatives fail to align their challenges or successes to
be leveraged across organizations



Addressing the Capability/Maturity Gaps

 One of the US Navy organizations established a Digital Engineering Framework (DEF) that
will align practices, products, and resources

* Processes and methodologies in developing DE products/artifacts
* Tool selection and mechanism associated with the tools
 Envisioned Benefit of DEF implementation:
 Collaboration: Use as a tool for engineering organizations to collaborate on resources

* Advocacy: Use as a method to communicate both individual capabilities and
enterprise needs to Navy decision makers or those with authority and resources

 Transformation: Move towards a desired end-state or vision by clearly defining
current capabilities and needs

 Does not specify how an organization implements DE, but rather how to ensure a common
logical structure and terminology can be used

* Focus on alignment, not enforcement. Purpose is not to tell people how to do Digital
Engineering; it is to provide a common organization of information that one should
consider when one wants to apply DE practices




Digital Engineering Framework Basics

Reference
and Standard
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Terminology
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Digital Engineering Framework Basics

Implement
View

Implementation of Digital
Engineering takes an
organizational
perspective which best
communicates to
program leads, line
management, and
command.

DEF Implementation
View Meta-Model

LB

EXAMPLE:
Employment
Evaluation -

Implemertation View

EXAMPLE: Verification &
Validation - DMAP -
Implementation View

EXAMPLE: CDD/Req
Validation -
Implemertation View

DEF Composition

Artifact
View

Artifacts are the
products and enabling
mechanisms through

which data is exchanged
and delivered to
practitioners,
stakeholders, and
sponsors.

i

DEF Artifact View Meta-
Model

i

EXAMPLE:
Employment
Evaluation - Artifact
View

EXAMPLE: Verification &
Validation - DMAP -
Artifact View

References

A &

— 2020 DON Digital
DEF Taxonomy 2018 DOD Digital ;

|2
DODI 5000-02
Operation of the

ansformation (DSET)  Adaptive Acquisition

Systems Engineering
Engineering Strat Tr
9 " o0y Strategy Framework (AAF)

2]
Engineering of Defense  MIL-HDBK-539 Digtal ~ NIST.SP.1500-1r2 Big
Systems Guidebook Engineering And Data Interop Framework -
Modeling Practices Data Science

=

DODI 5000-88
Engineering of
Defense Systems

DEF Terminology
and Definttions
d i

DEF NAVIGATION: Select/double-click any of the diagram icons on
this page to navigate to a view or example. To return, double-click the

bright-green "DOUBLE-CLICK HERE TO RETURN TO DASHBOARD"
comment on each model.

View i 3 giacehaider far
vienws which may be deemed essen
dgial ranslomaton or execson.

nemargng Seid
ach consshuent

sexd chagrarm o dustate haw digtal
re used and sustaned acrass e Lkecyde

¥
nses of
prackce. As e fed advances, he DEF
e i suicenty

Since s is heavily projech-dependant, and fikely 1 change.
o single meta-madsl & pravided s a partdl e
DEF. However, e any desician of the Hecyde view shauld

External Links

consider:

« Lifecycle View, Principle 1: Time s perceived as 3

o
e

Naval DE Body of
Knowledge (Required
HPC/Naval LIFT)

dcrete acquisan, ar engnsesing, missimes used to

accredit he curent site afiformasion regardig e ONE Team Digital
Engineering (1DE) MS

Teams Channel (Requires

Flank Speed)

system.
« Lifecycle View, Principle 2: The intended use of

DEF Teamwork Cloud
Server (Requires Naval
gial engssing IME)

a intraduces acoountabiity 1o e
systems engineerng process, re-envisaned in e mad of

= DEF is captured in a SysML
model

» Create navigation to guide users
between diagrams

» Offer forms to assist users in
entering information used to
generate diagrams

= Offer a taxonomy of components
the community considers as part
of DE



Example Challenges in Technical Exchanges

System Modeler/
System Design Agent

!

Data Scientist/
Data Engineer

(V) G

Software Developer/

In-Service Engineering Agent/
Cybersecurity Specialist

Field Service Engineer

Inter-disciplinary data exchange is challenging

* Within a single discipline, data analysis is easier
because the elements of the model are semantically

related to each other via the rules established by the
model’s governing metamodel

* When exchanging data across disciplines, it becomes a
challenge to relate element between different meta
models. The challenge grows exponentially as we add
more types of models to the mix

Not everyone is a modeler

* Need a method for SMEs to view and provide their
information without asking them to build block
diagrams

Need to support any acquisition program as well as day-to-
day deliverables

* Process/framework needs to be flexible to
accommodate different exchange needs



DVM Application for Maturing a Digital
Engineering Framework (DEF)

1. Use DVM to develop Artifact View Metamodel

2. Use DVM Digital View concept to digitally transform Data Management
and Analysis Plan (DMAP) into a model

3. Use DVM to better align product, authority, and
mechanism associated with DMAP

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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DVM/Artifact Metamodel Framework

« Digital View and Digital Artifact of DVM used as the basis for constructing
the DEF Artifact View Model

package 00 DVM Concept Model Ontology [ [ 00 DVI Concept Model Ontology ] bdd [Package] 2 - Artifact View [ | DEF Artifact View Meta-hodel ]
«blocks
Assessment Point | has

has viewpoint
has architecture framework 1 conform to viewpain T

- viewpoi
DE Definition Legend Digital Viewpoint

[ Products
[ External Elements complies with

[ Practices assumptions complies with
- isabili
[] Mechanisms :cal;l%ty 1.5
releasibil
[ Authorities v nas view

has viewpoint |1..*

External Elements

/
«uses / Final Product
/

S

provides data for [1.*

«blocks
Application is accessed by

|Product Concept /
receives data from 1.
— A digital view can use data
Dot Al A ifact from mutiple products.
accesses 1.2

resides in a Digital Engineering Ecosystem
is Human Interpretable "
is Executable & Computational in a Common File Fo.. Repository
has Metadata
interrelate with other Digital Artifacts

h Co

has digial artifact is contained in
proclaims validity of

ablocks
is contained in

complies. entions and Standards
serve a Purpose for Stakeholders
contains Data from Authoritative Data Source

«blocks
Authoritative Source of Truth | declares authoritative
property of

proclaims validity of
«blocks

Digital Artifact Quality

Specific Classifier =

ElProvenance T
Hcrediviity ital Information s linked from
EPrecision

Erustworthiness
as element is element of
Euaturity Level _ —

mandates [1.* T Model Element Digital System Model
«blocks I aC is part of

D V M Acceptance Criteria is composed of is linked to
View Model




DEF Artifact View Metamodel

bdd [Package] 2 - Artifact View [ E‘ DEF Artifact View Meta-Model ]J

My Authority

1.

has viewpoint has archcture framewor |y gy “bmfk” Ad d ress i n g W h at

conforms to viewpoint D 3 [1 .

DE Definition Legend seecsscctsarion [0 e y (0] rg an |Zat|0 ns ]

[[J Products o

[1] External Elements Digital View complies with |1.* pOIlCleS

[ Practices ass;m{il;h‘? comples with [T ECE Authorities
usabil 2

[ Mechanisms oty = procedures
[ Authorities RIRLY has view conforms to syntax «block»
Product

: 1 1 Concrete Syntax reg u Iate th e
Addressing What S development of

1.% 1

product and oo | the Digital Artifact
information are

created and [Frosucta} : =

provides data for |1

receives data from |1..* W

consumed by the

from multiple products. gnfl A.rfl)'act . M e c h a n is m
D E effo rt : resides in a Digital Englneber%g Ecosystem accesses 1.

: is Human Interpretable

: is Executable & Computational in a Common File Fo... :af digtal artifact s contained in

’ ' i ing What
: Resr'r:;?ﬁ:in other Digital Artifacts o Ad d re SS I n g a

: complies with Conventions and Standards
serve a Purpose for Stakeholders

: contains Data from Authoritative Data Source reSO U rceS (Se rV i Ce

3 «block»
prociaims validity of has | Authoritative Source of Truth | declares a n
1.* 0.* property of Authority

«block»

1. Organization

application) are

«blocky

is derived from Digital Information s linked from

1 needed to develop

«blocks «block»

ol WV i ] the Digital Artifact

is composed of [1.* 1 is linked to | 1..* >

Federation
Architecture




Digitally Transforming the Data Management
and Analysis Plan (DMAP)

« DMARP is traditionally a document artifact driven by manual process
— Format and process could vary among events, data managers and groups

— Gathering information requires numerous exchange of emails between organizations
Some system information need to be retrieved from a contractor's data environment

— Frequent update may cause confusion
— New sponsor may not have clear picture on how and why DMAP is developed
How it ties to acquisition and higher governance
 DMAP provides detailed information on data collected during a test event
— Test objective
— Data collection and distribution methodology
— Data distribution list and timeline
— Analysis process
— Analysis deliverable



Digitally Transforming the Data Management
and Analysis Plan (DMAP)

« The DVM-based Artifact View Metamodel was used to transform DMAP data
requirements into a digital artifact specification

bdd [Package] 2 - Arifact View [ [ DEF Artfact View Hela-liodel ] |

DE Definition Legend
[ Products

[ External Elements
[ Practices

[J Mechanisms

O Authorities

provides data for |1+
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resides in a Digital Enginee

is Human interpretable

|Assessment Point | has
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ablocks
Model Element

is composed of

prociaims validty of

is derived from

is element of
locks

ebloch
Digital System Model

is accessed by

accesses |1.*
block;

is contained in Repository

s linked from

DEF Artifact View Model

ochs
DMAP Dyt View
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s view = DUAP

o
‘Data Dictionary : Authoritative Source of Truth =
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=
mbat System Element Object Orented Dsts Mode) s Mode Element
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DMAP Artifact View

DA

= The purpose of this model is to
demonstrate how to apply the DEF to a
notional Verification and Validation -
DMAP type effort. This type of model
Wwould be useful for organizations in which

e
odel

SEMP to facilitate DE transformation and
execution.

Flow contained in this example is for
illustrative purposes ONLY. This flow may
be over- or under-buit for any one
particular effort and any examples must be
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requirements and processes of the
prescribed effort.
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DEF Artifact View Example

Data Management and Analysis Plan (DMAP)

|dentify the governance
« T&E Standard

(Policy)

Define to which lifecycle DMAP SOP
phase the product belongs = ;:;. R e e (Procedure)
» Test and Evaluation

bdd [Block] Verification & i idation [ EXAMPLE: Verification & Validation - DMAP - Artifact View ]

«block» Q
DoDAF : Architecture Framework

«block» = «blocky = has viewpoint = DIV-2 Logical Data Model
Mission Execution Review : Assessment Point Test Mission Analysis : Lifecycle Phase

assesses = DMAP has = Mission Execution Review
«block» Q

DIV-2 Logical Data Model : Digital Viewpoint

complies with = DoDI for Test and Evaluation
has architecture framework = DoDAF
has view = DMAP

«block»
DoDI for Test and Evaluation : Standards

«block»
Information Management : Domain
has view = DMAP

|||||

«block»
DMAP Process SOP: Concrete Syntax
has view = DMAP



DEF Artifact View Example

Data Management and Analysis Plan (DMAP)

«block»
DMAP : Digital View
complies with = DoDI for Test and Evaluation
conforms to domain = Information Management
conforms to syntax = DMAP Process SOP
conforms to viewpoint = DIV-2 Logical Data Model
receives data from = DMAP Input

Address what product(s)
is being generated
« Data Management and

Analysis Plan (DMAP)

«block» Q

DMAP Input : Digital Artifac
has = Data Dictionary, Spec, Mission Metadata
is contained in = Spec Repo, Data Dictionary Repo, Mission Data Repo, Data Collection Matrix, Run Validation Matrix
is derived from = Combat System Library Information
provides data for = DMAP




DEF Artifact View Example

Data Management and Analysis Plan (DMAP)

Address what information

is needed [
sssesses=OWAP Acchi how to apply the DEF to a
= : | L notional Verification and Validation -
s DMAP type effort. This type of model
+ System models Kt

would be useful for organizations in which

blocks. [=] The purpose of this model is to

Tor = b
‘complies with = DoDI for Test and Evaluation e racilre framework = DODAF this work is common or as a part of a
ms 0 dor n Management

o has view = DMAP. SEMP to facilitate DE transformation and
« Data models SR

P Input

Flow contained in this example is for
illustrative purposes ONLY. This flow may
be over- or under-built for any one
particular effort and any examples must be
modified to accommodate the
i and p! of the
effort,

«block» =
Combat System Library Information : Digital Information Data Dictionary :

proclaims validity {

«block» Q «block» «block»
Mission Architecture Model : Digital System Model Combat System Database Schema : Digital System Model Combat System Element Message Interface Diagram : Digital System Model

has element = Mission to System Traceablity Matrix has element = Combat System Relational Data Model has element = Combat System Element Object-Oriented Data Model
is derived from = Combat System Library Information is derived from = Combat System Library Information is derived from = Combat System Library Information

«block» «block» Q «block»
Mission to System Traceablity Matrix : Model Element Combat System Relational Data Model : Model Element Combat System Element Object-Oriented Data Model : Model Element

is element of = Mission Architecture Model is element of = Combat System Database Schema is element of = Combat System Element Message Interface Diagram




DEF Artifact View Example

Data Management and Analysis Plan (DMAP)

e purpose of this model is to
emonstrate how to apply the DEF to a
otional Verification and Validation -
IMAP type effort. This type of model
fould be useful for organizations in which
is work is common or as a part of a
EMP to facilitate DE transformation and
ixecution.

P low contained in this example is for
lustrative purposes ONLY. This flow may
= e over- or under-built for any one

has digital artifact = DMAP Input accesses = Mission Data Repo B e e vice must e

odified to accommodate the

is accessed by = Program Office Network Sharepoint is hosted by = Data Service rorescwemcumve

rescribed effort.

has digtl artfa ... ldentify the services
is accessed by R .
and environments used

«block» .
Data Platform : Application e | E nte rp rise d ata

accesses = Data Collection Matrix, Run Validation Matrix .
service

is hosted by = Data Service

is accessed by =
Data Environment

«block»
Data Dictionary Repo : Repository DevOps Pla;l;?r:nk’:)Alication = DeVO pS Platform

has digital artifact = DMAP Input
is accessed by = DevOps Platform

«block»
Spec Repo : Repository

has digital artifact = DMAP Input
is accessed by = DevOps Platform




DEF Artifact View Example

Data Management and Analysis Plan (DMAP)

,,,,, T - The purpose of this model is to .
as = = demonstrate how to apply the DEF I d e n t I fy th e
notional Verification and Validatid
DMAP type effort. This type of mo
would be useful for organizations i

e Qrganizations who own

execution.

rnanannssamsesd. (1@ TAfOrMation

illustrative purposes ONLY. This fl
be over- or under-built for any one

mecnino| o Program office
*  Prime Contractor

prescribed effort.

«block» Q «block» «block»
Data Dictionary : Authoritative Source of Truth Spec : Authoritative Source of Truth Mission Metadata : Authoritative Source of Truth

authority Organization = Prime Contractor authority Organization = Prime Contractor authority Organization = Program Office
proclaims validity of = DMAP Input proclaims validity of = DMAP Input proclaims validity of = DMAP Input

Q «block» Q «block»
Digital System Model Prime Contractor : Authori izati : i
Data Model declares authoritative property of = Data Dictionary, Spec declares authoritative property of = Mission Metadata



DMAP Stakeholder and Process

« Using the DMAP Artifact View, extend to leverage the DVM Stakeholder and

Process framework to better define
— Stakeholder needs
— Process structure

e purpose.

Would be useful fo organizations n which
this work is common of as a part of @
ISEMP tofacllata DE transfomation anc!
lexecution

bdd [Package] VM Concept Model Ontology [

with respect {0 [gtakeholder |Practiced by

Flow contained In this exampla s for

lusirative purposas ONLY. This flow may
under-buit for any one

particular efor and any examples must be

modified to accomm:

requirements and pr

has |1.* practices (1..*

drives : Work Activity [1..]

DVM Stakeholder
Framework

DMAP Artifact
View

'bdd [Package] 00 DVH Concept Hodel Ortalogy [ [g] 01b DVIM Concept Hodel Ontology - Process | |

[tsubsets produces} subsets is produced by}

1 o
Technical Baseline Configuration Control
Curat

governs work activiy |,

Work Product oroduces is roduced by [ Work Actvity | i necessary for
o 1

is generated by
1
{subsets produces)  {subsets is produced by}

yields is yielded by|

1 1
{subsets generates}  {subsets s generated by}
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DEF Artifact View Example

Extending to full DVM
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Future efforts

Enhance utility of DVM for Digital View curation

— Usage demonstration of DVM thus far has been “paper exercises,”
it can be enhanced with inclusion of scripting/automation

« Concept of “Digital View Curator”

— Use the DVM framework to define what constitutes a view for a
particular perspective, then build reusable queries to retrieve data
from a model to generate view(s) automatically

— While the DVM is not meant to generate a set of all-purpose digital
views, it can be used to generate a library of view curations for an
organization



Future efforts

Digital View Curator

— Users: Stakeholder, Digital View Curator, Digital Data Owner
— CONOPs

« Stakeholders define stakeholder needs/perspective using a

GUI form; based on standard Use Case definition form used at
IW 2022 workshop

» DV Curator reviews the stakeholder needs, uses a GUI to
define the digital view(s) require to meet the needs. The tool
allows for creation of new DV template or modification of
existing ones. DV template is based on the DVM framework
(primarily the Digital View quadrant)

« DV Curator creates or selects data queries (GUIl/scripts) to
define and get data required to construct the digital views

* Run curation scripts to generate the digital views, which can
be a collection of diagrams, tables, graphics, raw data, etc.




Future efforts
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