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and developers for the sake of increasing performance and reduc-

ing risks and costs. !ey provide a common knowledge repository 

that allow all team members to store and evaluate their special 

facets of the overall challenge in the context of all other system 

contributions. Chigani and Balci observe that the process of ar-

chitecting takes the problem speci"cation and requirements speci-

"cation as input and produces an architecture speci"cation as an 

output work product. [3] It seems to be immediately obvious as a 

good practice that the system engineering process must drive the 

activities that contribute to the system architecture.

!e DoD Systems Engineering (SE) Process is de"ned in the 

Defense Acquisition Guidebook Chapter 4. [4] !e DoD Archi-

tecture Framework (DoDAF) [5] de"nes how to model system 

architectures within the DoD. !e Deputy Assistant Secretary of 

Defense for Systems Engineering (DASD-SE) already mandates 

that architecture products be included in every Systems Engi-

neering Plan (SEP) to include how architecture products will be 

related to requirements de"nition. [6] In this paper, the authors 

evaluate opportunities and the potential for establishing and ex-

tending DoDAF as the common architecture framework in sup-

port of a coherent systems engineering process to align data and 

harmonize processes of the di'erent technical team members of 

all stakeholders and over all phases of the system life cycle embed-

ded into the DoD Enterprise.

Architectures as Knowledge Repositories

!e people—processes—tools framework is well known in 

industry. In order to "x or improve something, the right people 

are needed. !ese are the systems engineers supporting DoD with 

their knowledge and expertise in a multitude of domains. To fa-

cilitate their collaboration, common processes are needed. Within 

the DoD, the DoD SE process ful"lls these requirements. Finally, 

the right tools to support the processes are needed, and DoDAF 

has been designed to meet this need. It is a good practice to look 

at the systems engineering process and the system architecture 

process as mutually-supporting activities that are harmonized for 

the bene"t of the enterprise. In practice, however, the authors have 

identi"ed several potential reasons for the observed insu*cient 

use and alignment of DoD SE and DoDAF in industry: [7]

1. Engineers are placed in charge of projects who do not have 

a formal understanding of DoDAF practices and their val-

ue for management, governance, and administration.

Introduction

!e Department of Defense (DoD) is responsible for the de-

velopment, procurement, introduction, integration, maintenance, 

upgrading, and retirement of all defense and related support sys-

tems. To facilitate this task, enterprise-level system architectures 

are used to describe capability, operational capability requirements 

and lower level system architectures are used to describe the func-

tionality of system solutions which are necessary to satisfy those 

operational capability requirements. To ensure the attainment of 

the required capability solution on time and under budget, system-

engineering processes are mandated to ensure consistency and 

rigor across all participating organizations. However, even though 

architecting is necessary to insure that all understand user require-

ments in the same way (providing logical rigor, structure, semantic 

and syntax), the practice of architecture is sometimes set aside as 

being unimportant, and programs sometimes fail for lack of good 

requirements. Defense engineering leadership understands this 

problem, and the DoD now has the challenge to determine how 

best to harmonize enterprise/systems architecting practices with 

systems engineering practices. [1]

!e International Council on Systems Engineering (IN-

COSE) de"nes systems engineering as an engineering discipline 

whose responsibility is creating and executing an interdisciplinary 

process to ensure that the customer and stakeholder's needs are 

satis"ed in a high quality, trustworthy, cost e*cient and sched-

ule compliant manner throughout a system's entire life cycle. It is 

an interdisciplinary approach and means to enable the realization 

of successful systems. It focuses on de"ning customer needs and 

required functionality early in the development cycle, document-

ing requirements, and then proceeding with design synthesis and 

system validation while considering the complete problem: opera-

tions, performance, test, manufacturing, cost and schedule, train-

ing and support, and disposal. Systems engineering integrates all 

the disciplines and specialty groups into a team e'ort forming 

a structured development process that proceeds from concept to 

production to operation. Systems engineering considers both the 

business and the technical needs of all customers with the goal of 

providing a quality product that meets the user's needs. [2]

It is generally accepted that system architectures are used to 

add structure, logic, semantics and syntax to stakeholders' need-

concepts so that their needs may be captured as formal require-

ments and understood in the same way by multiple stakeholders 
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technical processes for designing systems and technical processes 

for realizing system products, are:

• Requirements Development

• Logical Analysis

• Design Solution

• Implementation

• Integration

• Veri"cation

• Validation

• Transition

!e supporting and guiding technical management processes 

are:

• Technical Planning

• Requirements Management

• Interface Management

• Risk Management

• Con"guration Management

• Technical Data Management

• Technical Assessment

• Decision Analysis

As discussed by Buede [10] in more detail, understanding the 

requirements is pivotal, and all activities must be driven by re-

quirements. Requirements specify the users’ view on the system, 

what they want to accomplish, what gaps need to be closed, with 

whom collaboration is needed to conduct a successful operation 

and with whom resources will have to be shared, etc. A system is 

only successful if it meets all requirements and a system architec-

ture enables all team members to contribute to this solution e*-

ciently. !e questions that need to be answered now are “Is DoDAF 

designed to support all phases of the DoD SE process e"ectively?” and 

“How well does DoDAF support tracking of requirements?”

!e DoD Architecture Framework

!e DoDAF evolved over the last decade into a solid method 

and tool. !e current version is DoDAF 2.02 [11]. Earlier versions 

were driven by views de"ning the facets needed by several “privi-

leged” team members. DoDAF originally incorporated a data 

model able to store all the data needed to support these views, 

the Core Architecture Data Model (CADM). With the introduc-

tion of DoDAF 2.0, the underlying paradigm changed to be data-

driven instead of view based. DoDAF 2.0 focuses on an extensible 

data model that captures all data required by any team member 

in any life cycle phase in a consistent way. With DoDAF 2.0, the 

DoDAF Metamodel (DM2) de"nes conceptual categories for all 

these data elements needed to describe system architectures. !e 

2. Architecting for requirements is considered as only neces-

sary for developing software but not hardware, and de"-

nitely not for hybrid systems. 

3. !e need to integrate software with hardware in increas-

ingly complex ways has outpaced the willingness or ability 

of systems engineers to adopt or adapt architecting prac-

tices to traditional systems engineering practices. 

4. In spite of the legal and regulatory requirement to archi-

tect requirements before system solutions move forward 

through various acquisition phases, engineering leaders 

sometimes commit to acquisitions without architecture for 

the sake of saving time and resources or for political rea-

sons. 

Most of these challenges can be addressed by education, as 

they point toward people challenges, not method—i.e., the DoD 

SE process—or tools—i.e., the DoDAF. However, if we do not 

apply the system architectures as intended, system architects and 

systems engineers are in danger of working in a ‘vacuum,’ side-by-

side without really utilizing the mutual bene"ts of orchestrated 

collaboration as described in the introduction. To this end, the 

DoD SE process must guide the processes of collaboration, and 

the DoDAF artifacts must capture the views and constraints of all 

participating team members.

In other words, architectures must become the knowledge 

repository for the team, as proposed in the MIT-based doctoral 

work of Kim. [8] !e enterprise architecture provides the context 

for the system architectures as well as for any portfolios. However, 

every phase of the DoD SE process and every view of each team 

member in each life cycle phase must have its data captured in the 

form of an individual view, following a common standard, in order 

to enable such collaboration. For the DoD, the question arises: is 

this possible with the current state-of-the-art DoDAF artifacts?

!e DoD Systems Engineering Process

!e introduction course to Systems Engineering (SYS101) at 

the Defense Acquisition University (DAU) starts with the story 

of two stone cutters that are working side by side and are asked, 

"What are you doing?" !e "rst one answers: “I am cutting this 

stone into blocks.” !e second one explains: “I am on a team that 

is building a Monument!” [9]

!is story is given as an example to understand the context 

for all required activities and to communicate a vision for the "-

nal product. Only with the big picture in mind can the e'ects of 

changes within the actual work being conducted become perceiv-

able for all team members. !e DoD SE process has been estab-

lished to ensure that the right work is done, and that the work 

is done right! !is is done with a set of technical work processes 

orchestrated by a set of technical management processes.

!e technical work processes, sometimes di'erentiated into 
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models generating these viewpoints and eventually by extending 

the data model as well.

However, although requirements are recognized in the DoD 

SE process to be pivotal they do not show up in DoDAF, neither 

as a view in earlier versions nor as a viewpoint or even as a con-

cept within DM2. Does this mean DoDAF does not model re-

quirements? To be fair, let us now review how the various DoDAF 

viewpoints are expressly intended to a'ect requirements. [12]

 e Capability Viewpoint

!is viewpoint articulates the capability requirements, the delivery 

timing, and the deployed capability. !ere are seven di'erent “views” 

or models within this viewpoint, each with a di'erent focus. !e 

following views call out intent to support requirements in some 

way:

CV-2: Capability Taxonomy. !e CV-2 is intended to identify 

capability requirements, codify required capability elements, and 

to be a source for the derivation of cohesive sets of user require-

ments. 

CV-6: Capability to Operational Activities Mapping. !e 

CV-6 is intended to be used to trace capability requirements to 

operational activities. 

CV-7: Capability to Services Mapping. !e CV-7 is intended 

to be used in tracing capability requirements to services.

We can therefore conclude that Capability Viewpoint is only 

viewpoints are generated by applying models to the data. i.e., the 

data model is not generated by the views, as it was the case in the 

earlier version, but the data can now drive the models to produce 

views. If new views within viewpoints are needed, they can be gen-

erated from the data. If additional data is needed, the data model 

can be extended within the constraints of the DM2.

Some key conceptual categories of the DM2 are captured 

in Figure 1.

Projects hold all activities that belong to a system or a portfolio 

pursuing the same set of goals and objectives together. !ey bring 

in particular required Capabilities and available services that pro-

vide the functionality needed to expose these capabilities together. 

To do so, Performers exposing the services and resource exchanges 

needed to orchestrate the participating performers and provide 

the necessary information are connected under observation of all 

Rules. Finally, measures comprise the Measures of merit needed for 

performance evaluations.

Figure 2 (following page) shows the set of viewpoints provided 

by DoDAF to support the information needs of team members 

required in all DoD related projects. !ese viewpoints are also a 

courtesy for the users of earlier DoDAF versions to facilitate their 

work with the new version. It also allows for easier migration of 

earlier system architectures. As stated before, more views within 

viewpoints can be generated by each group by introducing new 

Figure 1: High level Conceptual Categories of the DM2
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point is only expressly used to inform information requirements. 

But what is an information requirement? !is is not de"ned in the 

DoDAF version 2.02.

 e Operational Viewpoint

!is viewpoint includes the operational scenarios, activities, and 

requirements that support capabilities. !ere are 9 di'erent views 

(aka, models) within this viewpoint, each with a di'erent perspec-

tive. !e following views call out intent to support requirements 

in some way:

OV-2: Operational Resource Flow Description. !e OV-2 is 

intended for the elaboration of capability requirements and for the 

de"nition of collaboration needs. Ambiguity enters in here with 

the need to understand the di'erence between “capability require-

ments” and “collaboration needs.” 

OV-3: Operational Resource Flow Matrix. !e OV-3 is in-

tended to be used for the de"nition of interoperability require-

ments. 

OV-5a/OV-5b: Operational Activity Decomposition Tree/

Operational Activity Model. !e OV-5, according to DoDAF 

2.02, is intended to be used for requirements capture. What kind 

of requirements? At what level? 

OV-6c: Event Trace Description. !e OV-6c is intended to 

be used for the identi"cation of non-functional user requirements. 

We can therefore conclude that Operational Viewpoint is only 

expressly used to inform capability requirements (elaboration), 

expressly used to inform capability requirements. But what is a 

capability requirement? !is is not de"ned in the DoDAF version 

2.02. [13]

 e Data and Information Viewpoint

!is viewpoint articulates the data relationships and alignment 

structures in the architecture content for the capability and operational 

requirements, system engineering processes, and systems and services. 

!ere are three di'erent views (aka, models) within this view-

point, each with a di'erent perspective. !e following views call 

out intent to support requirements in some way:

DIV-1: Conceptual Data Model. !e DIV-1 is intended to 

include information requirements.

DIV-2: Logical Data Model. !e DIV-2 is not expressed as 

having a purpose of informing requirements. In that the DIV-2 

re�ects the theory captured in the DIV-1, there appears to be a 

gap in expression. It should be expressed as having a value-added 

purpose of adding logic, syntax and semantics for requirements. 

DIV-3, Physical Data Model. Here, one will "nd for the "rst 

time that the DIV-2 is actually intended to help requirements. 

!e DIV-3 is de"ned as an implementation-oriented model that 

is used in the Systems Viewpoint and Services Viewpoint to de-

scribe how the information requirements represented in DIV-2 

Logical Data Model are actually implemented. So, we are led to 

think here that the DIV-2 contains information requirements and 

the DIV-3 exists to serve the DIV-2? 

We can therefore conclude that Data and Information View-

Figure 1: High level Conceptual Categories of the DM2
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tent to support requirements in a way similar to those within the 

Systems Viewpoint.

In summary, requirements are captured implicitly and as such 

already are providing the various team members with guidance, 

but improvements are possible.

Recommended Improvements

Within the course of the underlying research, the authors 

searched all uses of the term requirements in the current DoDAF 

version. !is quick review reveals several areas of concern:

• !ere are over 50 di'erent ways of describing a require-

ment, with several di'erent expressions referring to the 

same requirements concept.

• !ere is neither a DoD requirements taxonomy nor a DoD 

requirements ontology given.

• !ere is no obvious alignment of the DoDAF viewpoints 

to the DoD SE process. Even directly related DoD re-

quirements speci"cation documents and requirements are 

not mentioned. [14]

Given these observations, and given that enterprise and system 

architects within DoD are consistently required to utilize DoDAF 

as their mandated framework for developing architecture artifacts 

for DoD needs, one can imagine that there can be very serious 

ambiguity on the part of some architects regarding why they are 

developing their architectures. In other words: the requirement 

development phase and requirement management phase of the 

DoD SE process have to be unambiguously supported by DoDAF 

artifacts. In order to capture a requirement e'ectively and make 

sure it can be validated, one must communicate unambiguously 

what needs to be observed and measured and what values are 

within tolerance. In other words, a requirement that cannot be 

observed and measured at the end of the day is useless for the 

engineer. !is leads to the improvement that requirements shall be 

traceable to DoDAF artifacts and shall be accompanied by a set of 

metrics applicable to decide if an implementing system ful"ls this 

requirement within the boundaries of a tolerance interval.

!e Systems Modeling Language (SysML) is a graphical 

modeling language adopted by the Object Management Group 

(OMG) in 2006. [15] It was developed in response to the huge 

accomplishments of the Uni"ed Modeling Language (UML) in 

the software engineering domain with the objective to derive a 

language supporting system modeling equally successful to that 

of software modeling. OMG collaborated to this end with the In-

ternational Council on Systems Engineering (INCOSE) and the 

European Systems Engineering Group (AP233) to orchestrate a 

consortium with members from government, industry, and aca-

demia. In recognition of the essential importance of requirements, 

they introduced two diagrams to explicitly capture the ideas de-

scribed above:

interoperability requirements, and non-functional user require-

ments. But these are not de"ned in the DoDAF version 2.02.

 e System Viewpoint

!is viewpoint has an ambiguous de"nition within DoDAF 

2.02: for Legacy support, is the design for solutions articulating the sys-

tems, their composition, interconnectivity, and context providing for or 

supporting operational and capability functions. Is the Systems View 

only “for Legacy support?" !ere are 13 di'erent views (aka, mod-

els) within this viewpoint, each with a di'erent perspective. !e 

following views call out intent to support requirements in some 

way:

SV-1: Systems Interface Description. !e SV-1 is intended 

to be used to capture System Resource Flow requirements. Why 

not System of System or system interface requirements?

SV-2: Systems Resource Flow Description. !e SV-2 is in-

tended to be used as a Resource Flow speci"cation. In general, the 

term speci"cation implies technical requirements, but that is not 

clear here. DoDAF does not de"ne speci"cation as it is intended 

to be understood.

SV-4: Systems Functionality Description. !e SV-4 is in-

tended to be used for identi"cation of functional system require-

ments. 

SV-5a: Operational Activity to Systems Function Traceabil-

ity Matrix. !e SV-5a is intended to be used for tracing func-

tional system requirements to user requirements and for tracing 

solution options to requirements. What is a "user" requirement in 

this context?

SV-5b: Operational Activity to Systems Traceability Matrix. 

!e SV-5b is intended to be used in tracing system requirements 

to user requirements and tracing solution options to requirements. 

SV-7: Systems Measures Matrix. !e SV-7 is intended to be 

used in the identi"cation of non-functional requirements. 

SV-10c: Systems Event-Trace Description. !e SV-10c is in-

tended to be used in the identi"cation of non-functional system 

requirements. 

We can therefore conclude that System Viewpoint is only ex-

pressly used to inform system resource �ow requirements, func-

tional system requirements, system requirements, user require-

ments, non-functional requirements, and non-functional system 

requirements. DoDAF version 2.02 does not de"ne these require-

ments expressions. How does one align these expressions to those 

needs in the DoD Systems Engineering Process?

 e Services Viewpoint

!is viewpoint is de"ned as the design for solutions articulating 

the Performers, Activities, Services, and their Exchanges, providing 

for or supporting operational and capability functions. !ere are 13 

di'erent views (aka, models) within this viewpoint, each with a 

di'erent perspective. !e views within this viewpoint call out in-
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