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I ntroduction

This document reviews the proposed Unified Modgliranguage (UML) Profile for the
Department of Defense Architecture Framework (DolpA&nd the Ministry of Defense
Architecture Framework (MODAF) - UPDM. As the pany goal of the review, this document
will focus on examining UPDM to assess its compltyb with DoDAF and MODAF;
compatibility with additional architecture frameweris briefly addressed. Also included is an
assessment for how UPDM enables systems enginesmoshgubsequently how it follows industry
standards and best practices. Finally, an extansimade to software engineering to examine the
extensibility of the UPDM.

The proposal is in response to the Object Manage@eyup’s (OMG) request for proposal
dated September 162005 [1]. The merged UPDM submission, listedréfierence 2, was a
collaborative effort between Adaptive, Inc., ARTiIS/Aoftware Tools, Ltd., International Business
Machines, MEGA International, Telelogic AB, and THAS Group. Additionally, fourteen
companies joined the submission as supportersigfptioposal and the new UPDM framework.
The proposed UPDM solution creates the framework standards to allow software vendors to
create tools enabling the creation of architectireaneworks in a model-driven architecture
formulation.

Compatibility with Defense Architecture Frameworks

The primary focus of this document is assessinglthkty of the proposed UPDM standard
to aid in the development and use of architectwiglsin architecture frameworks. In its current
state, UPDM builds upon OMG’s Model Driven Architexe (MDA) [3] to make required views
and work products an extension of the created modke top level approach that UPDM takes is
illustrated in Figure 1 below. The supported viears indicated, along with the capability to add
custom views and outside information and documéntaddition, UPDM is designed to allow for
the interchange of information. This is accommhthrough a standard representation in XML
Metadata Interchange (XMI).

Strategic Acquisition

Viewpoint Viewpoint
Operational e.g. Custom
Viewpoint Viewpoint
All e.g. Services§
Views Viewpoint

Technical Systems

Viewpoint Viewpoint

Figure 1: UPDM Viewpoint Support (Modified from reference 2)
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Department of Defense Architecture Framework

The Department of Defense Architecture FramewbBdJAF), reference 4, is an evolution
of the Command, Control, Communications, Computelstelligence, Surveillance, and
Reconnaissance (C4ISR) architecture framework. uleeof UML (Unified Modeling Language)
is spelled out in reference 4, DoDAF Volume II: @uot Descriptions. However, the UML
examples in that document serve only as a referpoite, and leave significant details to the tool
vendor and end user to create. The purpose oBi2M request for proposal [1], is to create a
standard from which all software vendors and erstsusan work.

All Views (AV)

All Views are a combination of overarching infortnea common to the other three DoDAF
views. The All Views products provide informatidhat is pertinent to the entire architecture
without capturing the architecture itself. All Ve products provide the information that scopes the
problem and provides context for the architectbie [

One and Two

The All Views consist of overview and summary imf@tion (AV-1) and an Integrated
Dictionary (AV-2). These two views are used to pdevan executive level summary of the
architecture, and the assumptions and terms uséis icreation. Because these are strictly text
documents they are not easily represented in UMBDM handles these views by using it's
mechanism for referencing external links, and #fileo UPDM elements can indicate that they
referenced an external taxonomy so this directvigwser to the AV-2. A UML Class Diagram has
the ability to capture the way things are put tbhget As a result, it could be used to represest th
AV-1 in a more graphical form, though suboptimally.
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Operational Views (OV)

The Operational Views are a series of productsltyaout the tasks, activities, operational
elements, and information exchange required favangmission. The Operational Views combine
graphical and tabular information to represent #nehitecture nodes and the communication
between nodes, along with the type of informatiwchanged and the rate of exchange [5].

High Level Operational Concept Graphic (OV-1)

The OV-1 highlights the main operational nodes atir unique aspects of the operations.
UPDM is able to model an OV-1 using several difféer&/ ML diagrams. UPDM uses Class
Diagrams, Use-Case Diagrams, and Interaction Dmagrto communicate effectively an OV-1.
Class Diagrams are able to explain the actors dmects involved in the operation. Use-Case
Diagrams will show what actions the actors and dbjean have on the system. Finally, some
version of an Interaction Diagram is needed to sti@ninteractions between the actors and objects.
With three different diagrams modeling a singlenia great deal of information can be conveyed.
However, since one of the objectives of an OV-ltasgive a single image summary of the
architecture, multiple diagrams may make it difficto identify the most appropriate one for a
summary view.

Operational Node Connectivity Description (OV-2)

The OV-2 describes the interactions and informa@gohange between the nodes. This is
merely a description of the need to exchange inddion, not the physical connections. The
diagram includes both the internal and externalesoals well as information about the necessary
interactions. UML, through UPDM, can model an O\i&ng Class and Interaction Diagrams.
The classes define the nodes and the Interactiagr@mns specify how the nodes interact with one
another. SysML can provide further detail usir§i@ck Definition Diagram.

Operational Information Exchange Matrix (OV-3)

The OV-3 is a detailed exchange of information lestw nodes. This includes what each
node is expecting from every other node in theesysaind how the exchange will occur. The data
itself is stored within the model library, but basa the view is tabular in nature, it is not pdgsib
represent this information within UML or SysML. @&linformation required to generate this view
is still included in the architecture model, butexternal link or tool-specific solution must besds
to generate the view.

Organizational Relationships Chart (OV-4)

The OV-4 relates different organizations togethed glustrates the command relationships
between them, as opposed to the business prodasenships. UPDM uses UML Class Diagrams
and Composite Structure Diagrams to represent ad OV

Operational Activity Model (OV-5)

The OV-5 is used to describe capabilities, Openalidctivities, flows between activities,
and flows to and from activities outside the scopdehe architecture. This is the best tool for

4



UML Profile for DODAF and MODAF — White Paper Ravie

describing the functional flow of activities to acaplish a mission or business goal. UPDM is able
to model the connections in an OV-5 using a UML @&se Diagram. The Use Case Diagram
represents the high level organization used to ¢tet@pghe mission or business goal. It is also
possible to represent this as an Activity Diagram.

Operational Rules, State Transitions and Event-Trace Description (OV-6)

The three OV-6 diagrams are used to capture camistraoperational conditions and
sequences for the processes used in a missiorsorelss process. The OV-6a describes operational
or business rules as constraints on the archieetieing examined. Due to the textual nature of an
OV-64a, it is not possible to represent this witbillL. This is one of the few views that the UPDM
is unable to represent in any format or store &ant information about. The OV-6b captures
how an operational node or activity responds taousr events by changing its state. UPDM
utilized the UML State Diagram with StateMachingplging to an operational element. The OV-
6¢C is a representation of the time-ordered inforomaéxchanges or interactions between nodes in a
particular scenario. A UML Sequence Diagram isdusereflect the nodes that collaborate in each
scenario.

Logical Data Model (OV-7)

The OV-7 defines the architecture domain’s systata dypes and the relationship among
the system data types. It is a key method for esgimg the interoperability required. The OV-7 is
modeled in UPDM using the UML Class Diagram to esgnt information elements inputs,
outputs, and controls. The model can also be lirtkean external source using UPDM’s external
reference mechanism to provide a database of idftbomelements.
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System Views (SV)
The Systems Views provides information on the esyst and interconnections which

provide or support DoD functions. The information Systems Views combines graphical and
tabular data which are used to assign system res®tw the Operational Views [5].

Systems I nterface Description (SV-1)

An SV-1 depicts the systems needed to support tpeah nodes and the communication
requirements between them necessary for archieotyerations. In UPDM the SV-1 is
represented by a Structure Diagram to represerdt afsinterconnected elements that exist to
provide some piece of functionality. The type afuSture Diagram can be a Component Diagram,
Deployment Diagram, or Composite Structure Diagrdman also be represented in SysML using
an Internal Block Diagram. The type of Diagram defsge on the specific problem and is the
architect’s decision which type of Structure Diagreepresents the system best.

Systems Communication Description (SV-2)

The SV-2 depicts information about the communiceaisystems, communication links, and
communications networks between the systems rapgessen the SV-1. UPDM is able to make use
of UMLs Deployment Diagram to map pieces of a syste what is executing it or a Composite
Diagrams to capture the interconnection of elemdhissing SysML, an Internal Block Diagram
can be employed to represent the communicatiorsgatBupport each system

Systems-Systems Matrix (SV-3)

The SV-3 provides detailed information of the conmmation links between systems
depicted in the SV-1 in a matrix form. Because thia text matrix, UPDM references an external
text source. Because the SV-3 is a more detailesiore of an SV-1 the main interactions are
captured by UML in the same manner as with the SYtt an external reference is required to
fully define the SV-3.

Systems Functionality Description (SV-4)

The SV-4 describes the functions systems are penfigr and the flow of system data
between those functions. UPDM uses a UML Activitia@yam to show the dynamic behavior of
the various systems and capture the actions th&e mpa the larger activities. UML dynamic
diagrams can provide a timeline of systems neededatry out the activities. A UML Object
Diagram can be used to provide a snapshot of téiaeships between systems and capture the
data being exchanged.

Operational Activity to Systems Functionality Traceability Matrix (SV-5)

The SV-5 is a matrix that maps the relationshipMeen Operational Activities and the
System Functions that support each activity; it aso include the mapping of System Functions to
Capabilities. The SV-5 is usually a spreadsheetimnahd no UML representation is needed for
UPDM to depict this view.
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Systems Data Exchange Matrix (SV-6)

The SV-6 is a matrix that captures the charactesistf the automated data exchanged
between systems. This view does not have an assddiML diagram and UPDM makes use of its
mechanism for external references. The UPDM Modktdry includes templates that provide a
starting point for creating the SV-6.

Systems Performance Parameters Matrix (SV-7)

The SV-7 is a matrix of the parameters used to wfasimely calculate the performance of
systems which can be used to develop requiremewtgiefine specifications. The SV-7 is a text
based matrix and for this reason UPDM does notauséVIL view, instead it uses the UPDM
mechanisms for external references.

Systems Evolution Description (SV-8)

The SV-8 is used to describe plans for modernizygtem functions over time and when
linked with other evolution products describes tb&l evolution plan or transition plan for the
architecture. UPDM represents this view by usisgstindard external link mechanism and sends
information to an external scheduling tool.

Systems Technology Forecasts (SV-9)

The SV-9 is a description of emerging technolodied are applicable to the architecture,
and provides details about their availability amdggible impacts. UPDM represents the SV-9 with a
table and matrix that is exported from model eletsien

Systems Rules Model (SV-10a)

The SV-10a explains the rules that govern the implgation of system in the architecture.
UPDM uses text rules exported from the model toeggnt the SV-10a.

State Transition Description (SV-10b)

The SV-10b describes the System as it changessiponse to various events. UPDM
represents the SV-10b as a StateMachine Diagram StéteMachine Diagram represents captures
the internal transitions of an element given a shire and is well suited to represent and SV-10b.

Event-Trace Description (SV-10c)

The SV-10c provides the sequence of actions antaexyes and flows between systems.
UPDM represents this view with a UML Sequence Daagr The Sequence Diagram emphasizes
the type and order of messages passed betweemsyaiel is a good representation of an SV-10c.

Physical Schema (SV-11)

The SV-11 represents the structure of architectudemain data types and relationship of
system data types. To capture these data typesktidnships UPDM uses a UML Class Diagram.
The Class Diagram is designed to represent therdiit types of elements that make up a system
and can represent the different data types andridationships as needed in the SV-11.
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Figure 4: Systems View Comparison

Technical Standards Views (TV)

The Technical Standards Views create the setle$ or the arrangement, interaction, and
interdependence of system elements [5].
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Oneand Two

The Technical Views consist of a Technical Stansl&bfile (TV-1) which documents the
constraints and technical standards used in thetacture. The other TV is a Technology Standard
Forecast (TV-2) which captures expected changegpiicable standards mentioned in the TV-1.
Both of these views are text based and do not teebd represented in UML. UPDM handles these
by using it's mechanism for external references.

10
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Ministry of Defense Architecture Framework (MODAF)

The Ministry of Defense Architecture Framework (M&F) from the United Kingdom
builds upon the views found in DoDAF to extend #nehitecture framework to handle Ministry of
Defense (MOD) processes and lifecycles. SpecifictlODAF adds Acquisition Views to further
describe the lower levels of the implementatiorthaf architecture, and Strategic Views to better
describe the overarching views for the entire aechire [6].

Acquisition Views
Acquisition Views have been added to the MODAIEdpture programmatic details. These

include the dependencies between projects and dipabtegration and are used to guide the
acquisition and fielding process [6].

SoS Acquisition Clusters (AcV-1)

The AcV-1 view describes a collection of systemat thvork together to create acquisition
clusters. Within UPDM, this view can be modelethgsa UML composite structure diagram to
describe the relationships between systems to gecaigreater functionality. The option exists for
using a UML Deployment Diagram as well; this diagrahows how the architectures systems are
executed and assigned.

SoS Acquisition Program (AcV-2)

AcV-2 diagrams a project along a timeline to besteow the phases and other aspects of the
project. There is no UML diagram that can effeelyvrecreate this diagram. UPDM can create
external links to tools that make timelines andeotiews necessary to represent the AcV-2. The
possibly exists to use a Timing Diagram to captbeetimeline of the project, the Timing Diagram
is intended to represent the timing specificatiforamnessages between systems and would have to
be modified or used creatively to show the timebhe project.

12
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Strategic Views

The Strategic Views are added to MODAF to augnteaetDoDAF views and support the
capability management process at the top levels [6]

Capability Vision (StV-1)

The StV-1 defines the context of a group of cajitadslin a way that is understandable by a
general audience. StV-1s are usually text basedrdents and descriptions and are referenced by
UPDM using its external reference mechanism.

Capability Taxonomy (StV-2)

The StV-2 is a structured list of capabilities arapability functions that are required to
provide a capability. The StV-2 is a more strualurepresentation of the StV-1. UPMD uses a
Composite Structure Diagram to represent the Stvithe complex interactions among capability
functions to provide a capability. A Deployment fiam might also be used to show the
configuration of capability functions to providepedilities.

Capability Phasing (StV-3)
The StV-3 provides a representation of the capgbiit different times and shows

anticipated capabilities as well. This is a textwlment or table and no UML document is needed so
UPDM uses its external reference mechanism to parate this view.

Capability Clusters (StV-4)

StV-5 show groups of capabilities and the dependerand interactions between different
capabilities. UPDM uses a UML Composite Structuragbam to show the functional dependencies
between capabilities. An Interaction Overview Dagrcould be used as well because it is designed
to emphasize which elements are involved in periognan activity and can used to show which
capabilities depend on others.

Capability to Systems Deployment Mapping (StV-5)

The StV-5 shows the mapping of systems to the dbpedthat they support for a particular
time period. The StV-5 is represented as a matrkrao UML is needed so UPDM references an
external document.

Capability Function to Operational Activity Mapping (StV-6)

The StV-6 maps the functions to complete each dhfyato the high level operational
activities. No formal UML diagram is needed and WPWiill reference a matrix that contains the
relationship between Strategic Capabilities andr@tpmnal Activities.

14
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UPDM Summary for DoODAF/MODAF

Examining the diagrams used to model DoDAF and M®D#rough UPDM reveals
certain diagrams appear more often than otherg vahous UML structure and behavior diagrams
are used frequently, while only one type of intéac diagram is used, the sequence diagram.
Because of the requirement for several tabular tartbal views within DoDAF and MODAF,
external references and tools-specific implememratiare needed. This is even more evident in the
System Views, Technical Views, and All Views. Whilhe System Views use other types of
diagrams to help create them, the Technical ViewsAll Views are very dependent on other non-
UML formats. The main concern here would be widelgrying formats between the
implementations preventing an engineer skilled eading the views created by one tool from
reading the views of another tool. This concemncd be addressed here and is beyond the scope
of any UML profile.

In order for UPDM to effectively define a diagramimanodeling language for DoDAF and
MODAF, it must be possible to create each graphieal using UPDM. The Operational Views
and System Views require the most diagrams to téipem, while the Technical Views and All
Views require relatively few diagrams.

Evaluating which diagrams are used the most to lMdd@@DAF shows a small number of
diagrams are utilized for multiple work product3.he most often used diagrams are composite
diagrams, deployment diagrams, and external refesen The rest either do not appear or appear
relatively few times.

The same scarcity is seen in how many diagramsised to create each of the additional
MODAF views. Unlike DoDAF, which may use severahgliams to model each of the views, the
additional MODAF views are made of only a few deags each.

Additional Architecture Frameworks

The UPDM proposal focuses on applications to Dol2&H MODAF. However, additional
architecture frameworks, such as the NATO ArchitectFramework (NAF), are also relevant to
UPDM. While it is difficult to accurately assedkthe needs of future architecture frameworks, the
flexibility of UPDM coupled with the links to exteal data sources provides the capability to
handle foreseeable views or work products.

Conformity to Systems Engineering Best Practices

The implementation and usefulness of UPDM will elegh greatly on how well it merges
into a systems engineering process. In order ttavéill, it is important that the standard use
terminology and tools that already are utilizedthe current systems engineering best practices.
One of the problems with such a statement is ttgelaumber and wide variety of defined systems
engineering best practices documents. A briefesunf the best practices documents produced by
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a cross section of professional societies is ptedehere. While the latest versions of the
appropriate documents were used whenever availalden often take some time for new methods
and tools to penetrate different groups. This aashould be kept in mind, particularly with
regards to SysML.

I nternational Council on Systems Engineering

As a group whose sole purpose is the promotionysfems engineering and systems
engineers, the best practices presented by thenéttenal Council on Systems Engineering
(INCOSE) are among the most important to meet. i@ version of the INCOSE Systems
Engineering Handbook, released in June 2006 sasehe parent document for INCOSE best
practices [7]. At less than a year old, it is edtpd that this document would include some of the
most current tools and methods available to systmgseers.

While the section for discussion of tools and md#h constrained, it is encouraging that
SysML is included as part of Requirements Managemseation on page 7.7. Unfortunately, the
discussion is limited to a brief overview and does$ currently describe how SysML fits into the
Systems Engineering (SE) process as a whole. dhosild not be seen as a criticism of the
Handbook, but rather as a sign that SysML is §tililing its place in SE processes and best
practices. With time, indications are that itikely that SysML will grow in popularity and willdo
utilized throughout the SE process. UML is alsantitmed but only as the basis of SysML. This
suggests that UML is not viewed widely as a tool3&, despite being formalized nearly 10 years
ago. While there is a certain amount of overlajwben SysML and UML, the full set of UML
diagrams are utilized for both UPDM Compliance Ue¥@nd Level 1. This disjoint suggests the
possibility that it will be necessary for systenmgi@eers to be as well versed in UML as they are
likely to become in SysML in order to use UPDM a&diged. It may be that UPDM is the driving
factor for the military side of systems engineerindearn and use UML and SysML extensively,
but for the time being, based on their limited preaation, neither language is presented as a
common skill by the typical member of INCOSE.

The systems engineering processes presented Hatidbook already matches up very well
to an implementation of both UPDM for the architeetand UML/SysML for the other aspects of
engineering. Additionally, where defined, the terohogy used by the Handbook is consistent with
that used in the UPDM.

The two primary elements from INCOSE are that UPDRIges conform to systems
engineering best practices, however, a relativk tddknowledge and practice among the systems
engineering community may limit the effectivenesshe broader application of UPDM. It should
be noted, however, that the number of papers on UB4{isML, Object Oriented Engineering, as
well as the various architecture frameworks suggtsit these tools are beginning to saturate the
field and will be rolled into best practices andngtards soon.
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Office of the Secretary of Defense

For the acquisition of military systems, the polaryd practices defined by the Office of the
Secretary of Defense (OSD) exist as underlyingarnst requirements, which are necessary in
order to secure a military contract. Since UPDMinitended for use on military acquisition
programs (through the use of the DoDAF and MODA#e OSD standards for systems
engineering are extremely important. While there several documents that discuss systems
engineering, one of the most complete is the Deféejuisition Guidebook [8]. Surprisingly, the
DoDAF is not mentioned in the Systems Engineeriacfien, but rather in the section describing
the Global Information Grid. Despite the limitedsalssion, the processes presented support
several of the views specified by the DoDAF. ThepBrtment of Defense Systems of Systems
Engineering Guidebook discusses the use of DoDA& eethod for fulfilling the requirement of
CJCSI 6212.01d [9,10]. For any standardized metbodescribing DoDAF and MODAF views to
become popular or useful to a systems engineer,Abo@nd MODAF need to be presented as a
useful part of the systems engineering process rdust a requirement that must be filled.
Having a defined standard such as the UPDM mighib@mge this, but it is up to systems
engineers themselves to find and formalize itselac

As part of the specification, DoDAF gives incomplefuggested implementations of its
views in UML [4, 5]. It seems reasonable to exglet a full implementation that still complies
with the intent and spirit of the diagrams wouldsogported by OSD as a whole. The extension of
the views into SysML appear to be a logical negpsbut direct information supporting this as the
view of the OSD has been difficult to locate. VWehitlearly stated as unofficial and not
representative of government policy, experts atDb&ense Acquisition University have stated that
for architectural modeling standards like SysML e best hope, once widely accepted [11]. This
appears to be a common belief both inside anddritsi the Department of Defense, encouraging
the acceptance of UPDM in order to allow modelitandards to become widely accepted. With
wide acceptance, it seems clear that the DepartroénDefense would likely encourage
standardization using the UPDM.

I nstitute of Electrical and Electronic Engineers

The Institute of Electrical and Electronic EngireeeflEEE) is the world’s largest
professional society. Combined with the amountsygdtems engineering required in electrical
engineering, that has led to IEEE being one of lgsding bodies for developing systems
engineering standards. IEEE 1471 is the IEEE stahfbr describing the architectures of software
intensive systems [12]. Much of the terminologyi&ons within this standard were used as the
basis for DoDAF and, in turn, parts of MODAF. Asesult, it also appears to have served as the
dictionary for many of the terms within the UPDMThis dependency chain suggests that the
language and basic concepts within the UPDM ardemewith IEEE. It is difficult to prove this
explicitly because the nuances in the definitiomat toften vary from source to source are not
captured in a terminology section of the UPDM. HEEE220 defines the standard for the systems
engineering process [13]. While this process haisheen updated since 1998, several of the
products described within are utilized in DoDAFné&would expect an updated version to further
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overlap with more current systems engineering mee® While not entirely compatible, the

specification defined in the UPDM does not confiigth the needs and processes shown in IEEE
1220. From a systems engineering standpoint, UR®Mxpected to comply and assist in the

implementation of the appropriate applicable IEEdhdards and best practices.

I nternational Standards Organization

The International Organization for Standardizat{t®O) is the world’s foremost body for
technical standards. Within I1SO, the systems eam®ging group is part of the information
technology technical committee. Many of their stamls are based on those created by other
groups. For example, both the IEEE 1471 and the.UM.2 Specification have been released as
ISO standards [14]. Of the standards presentethéygroup, ISO 15288, ISO 15289, and ISO
19760 are the most appropriate for the systemsneagng process. ISO 15288 defines the
processes required for systems engineering ovepribauct life cycle [15]. 1SO 15289 describes
each of the products created as part of the presa$sscribed in ISO 15288 [16]. ISO 19760 is a
guide to implementing ISO 15288 [17]. These thsmdards define the processes and products
necessary in generic terms without much referenceanplementation. While they share some
overlap with the processes associated with DoDAFMODAF that are enabled by UPDM, much
of what is described is beyond that scope. Thera#lated standards are primarily intended for use
for software engineering and require a certain arho@itranslation into systems engineering. The
use of UML and SysML fit in well with some of theséandards. If the software engineering
standards are found to be useful to an organiZat®ystems engineering processes then it would
enable the process to reuse the knowledge of thdamguages.

Object Management Group

The Object Management Group (OMG) is responsibtetife original request for proposal
for UPDM [1]. OMG is an open membership, not-foofit, internal computer industry
consortium. OMG creates integration standardsafavide range of technologies and industries
[18]. In this context, OMG is providing specifigats that enable systems engineering through the
use of vendor created products, adhering to the NUBPecifications. The request for proposal
released by OMG captures systems engineering hestiqes through reference to external
standards such as IEEE 1471, and thus a submisgeting the request for proposal requirements
will follow, and likely create, systems engineerivgst practices.

Business Process Modeling Notation

Another standard from OMG is the Business Processldling Notation (BPMN).
Developed in 2006 prior to UPDM, BPMN shares seveommon features with UPDM such as
XMl for data storage and UML diagrams to repredmrginess processes [19]. A specific mapping
between BPMN and UPDM is given in section twelvetled proposed standard [2]. With these
features, BPMN could be considered to be compleangrio UPDM, when DoDAF or MODAF
views do not provide adequate capabilities for ningeprocesses or are not required explicitly.
However, the lack of SysML and a limited extengipifor outside information prohibit the BPMN
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standard from capturing the full range of elemenithin DoDAF and MODAF. Thus while
BPMN shares some common elements with DoDAF and WMBDt should not be viewed as an
isolated alternative for modeling architecture feavorks.

Systems Engineering as a Discipline

Systems engineering is an ever evolving field. MBE, as the recognized governing body,
has developed a series of best practices and patllihem as the Systems Engineering Handbook
[7]. Through compliance with those best practiddBDM should aid the evolution of systems
engineering as a recognized discipline. A wideeptance of UPDM would then expand the uses of
systems engineering in turn. A wide acceptance raBp transform defense architecture
frameworks into design and engineering tools rathan a requirement. The overall impact of a
larger community of systems engineers following INEOSE standards specified by means of
modeling languages and architecture frameworksdcéetd to broader acceptance of systems
engineering methods and best practices.

The Assessment of UPDM

The overall assessment of the proposed UPDM isithsitcapable of supporting DoDAF,
MODAF and additional architecture frameworks. dtthe domain of OMG to determine if the
proposed submission [2] is fully compliant with thrandatory requirements from the request for
proposal, and addresses in full or partial compkaall of the elements within the original request
for proposal [1]. However, it should be noted tbae possible exception to compliance is the lack
of representation of architectural patterns, whiets called for in the OMG request for proposal.

As shown above in the evaluation figures, UPDM #$afficient coverage for all pertinent
work products either directly through UML and SysMilc through links to external models.
UPDM also addresses additional concerns such aposufpor additional views, analysis of
alternative models of an architecture, cross qaeie analysis across related models, overlap and
interface between different system architectureslasbility, relationship between architecture
models and domain models, support for developmeethodologies, and the traceability of
architecture models to requirements [2].

Ease of Learning

One of the largest hurdles for UPDM is the adoptdmew software and tools and the
learning curves associated with each. Those famiith UML, SysML, or BPMN will find the
transition straight forward. However, those useesy to these elements may find the transition
much more difficult. This is especially worth najiin the larger systems engineering context. For
this to be widely accepted within the communityfamiliarity level must be reached by a critical
mass of all practitioners. Simply understandingtayns engineering, or more specifically
DoDAF/MODAF may not be sufficient for greater actape. It is largely left to the software
vendors to provide examples and documentation lieir tspecific tools. However, another
approach may be the creation of an overarchingefjuel and reference manual, such as the
DoDAF volume | [5]. Such a manual would providdi@&l documentation for those wishing to
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properly use UML for describing architecture franoeks without needing to wade through the
more precise and less understandable languagesaeg@s a specification.

I mplementation

Specific implementations of UPDM are left to indival software vendors. The purpose of
UPDM is to provide a common framework from whichfte@are tools to support system
architectures emerge. The primary elements ttat saftware vendor must address are portability,
reusability, interoperability, and the ability toteérface with external tools. The product to come
from the individual software vendors will be avaie to industry for evaluation, and the ultimate
selection will not relate to the specifics of UPDMyt to how the individual entities address the
visual tools and user interactions [2]. Anothemit that will distinguish individual software
applications will be the success and easy of miodiglementation and model querying. The ability
and ease to generate DoDAF and MODAF work prodinctsugh queries to the model will likely
determine the overall effectiveness of the software

Extension to Software Engineering

A consistent point of contention is the differefmmween systems engineering architecture
frameworks, and software engineering architectuaenéworks. Since the UPDM is built upon
UML, a key tool for software engineering architeet a logical assumption would be that UPDM
extends to serve software engineering. Howeves, ithnot necessarily the case. As noted in
reference [20], “The DoDAF and current softwareh#tecture approaches have been developed
separately, by different organizations, with diéfiet purposes, and with little overlap.” In additio
systems engineering typically takes a more topl leisv that software engineering. Despite this,
the capability to query a model and generate wooklycts for DoDAF and MODAF is similar to
the ability of current software engineering toots dreate actual code from UML diagrams.
Furthermore, the incorporation of the full UML 2a% the basis for compliance level 0 in UPDM
creates a common base with software engineeringill lultimately be up to the software vendors
to decide if their products contain a full suite adpabilities to handle software and systems
architecting.

Broader Goals of UPDM

The UPDM submission provides a comprehensive approa exploiting a model driven
architecture for application to DoDAF and MODAF. ur@nt practices invariably feature one
model for architecting, and another for creatingkvproducts. Fully realizing the benefits of a
model driven architecture requires a flexible modgenvironment that allows queries to the model
to build the required work products. The procdssreating work products should flow naturally as
a result of the engineering process. Any propdsets intending to link the two must fit into a
unified methodology. The UPDM submission featurkese abilities, in addition to capturing
systems engineering best practices and adherisgdafications from OMG and IEEE as defined
in the associated RFP [1].
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Conclusion

The overall assessment of the proposed UPDM sulimigsthat it is capable of supporting
DoDAF, MODAF and additional architecture framewarkBurthermore, the use of SysML in the
submission should promote the use of these arthitedrameworks in systems engineering. The
proposed submission was in response to an OMG sedoeproposal [1] and this review of the
UPDM submission is based on both the suitabilitylef submission as a modeling language for
INCOSE systems engineering standards as well asrmdination of considerations related to the
broader systems engineering environment. The @oatlusions that can be drawn for the UPDM
are summarized below:

» The proposed UPDM submission provides the necesdargents to model and capture the
different views of DoDAF and MODAF as well as prdwig the ability to create and add
custom views.

* While it is the domain of the OMG to determine wiestthe UPDM submission meets all of
the mandatory requirements, and partially or faldigresses all of the optional requirements, it
should be noted that one possible exception to tange is the lack of representation of
architectural patterns, which was called for in @G request for proposal.

« The UPDM can be an enabler for the model driverhitgcture paradigm by creating the
profile so that work products for DoDAF, MODAF, asgistems engineering are not created
independently, but can be managed automaticallyugyying the model.

» The proposed UPDM submission follows accepted pesttices and standards as covered by
INCOSE and IEEE, along with the specified OMG maugkpecifications.

* The INCOSE Systems Engineering Handbook, releasddine 2006, includes SysML as part
of Requirements Management section (see page H@)vever, the discussion is limited to a
brief overview and does not currently describe [®y8ML fits into the Systems Engineering
process as a whole.

« UPDM may allow for a closer relationship betweerstegns engineering and software
engineering through the use of the UML and SysMs&etiae, along with providing the query
abilities to facilitate the needs of both commuesti

» The success of UPDM will ultimately depend on thestems engineering processes and
software products that are created around the UREMdard, the features that these products
possess, and the ease of use for the practitioners.
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