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Background: What is the Problem? 
Why is An Architecture Framework Needed?

Disparate and unrelatable architecture products lead to
non-integrated, non-interoperable, and non-cost effective  

capabilities in the field

Differences in content and formats inhibit comparison of 
architectures

Organizations are developing major systems that 
need to interface and interact

CINCs Services Agencies

Army
Navy

Air Force

Marines NIMA DISADLA

Reprinted from “C4ISR INCOSE Tutorial”, A.H. Levis and L.W.Wagenhals, March 2001
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Evolution DoDAF

1996 1997 2001 20031998 1999 2005 2006

C4ISR AF v. 1.0
New Standard

C4ISR AF v. 2.0
Improvements

Draft DoDAF v. 2.1
Object-oriented methodology

OSD Memo
Mandatory use

2009?

“Final Drafts” 

DoDAF v. 1.0

Clinger-

Cohen

2000 20082004 20072002

DoDAF v. 1.0

DoDAF v. 1.5

(SOA)

DoDAF v. 2.0
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Motivations for DoDAF

• Architectures required by law (Clinger-Cohen, 

etc.)

• Structured, repeatable method for investments 

and investment alternatives

• Influence and guide organizational change

• Create New Systems (i.e., define System 

Requirements)

• Deploy (plan for) new technologies

– Ex., Net-Centric Warfare
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Typical DoDAF Taxonomy 

Operational Concept

Functional Mapping

Interface Mapping

OV-1
OV-4

OV-5

SV-3
SV-4

SV-5

OV-2

OV-3

SV-1 TV-1

SV-2 SV-6

Architecture Performance
and Behavior

OV-1 High-level Operational Concept Graphic

OV-2 Operational Node Connectivity Description

OV-3 Operational Information Exchange Matrix

OV-4 Command Relationships Chart

OV-5 Activity Model

OV-6C Operational Event/Trace Description

SV-1 System Interface Description

SV-2 Systems Communication Description

SV-3 Systems Matrix

SV-4 System Functionality Description

SV-5 Operational Activity to System Function 
Traceability Matrix

SV-6 System Information Exchange Matrix

SV-7 System Performance Parameters Matrix

SV-8 System Evolution Description

SV-9 System Technology Forecast

SV-10 System Activity Sequence & Timing

TV-1 Technical Architecture Profile

TV-2 Standards Technology Forecast

1st Order Analysis:

Functionality

2nd Order Analysis:

Static Interoperability

3rd Order Analysis:
Dynamic Interoperability

OV-3

Note: There are dependencies between the 

Architecture products that are not shown in 

the System Engineering flow.  Many of the 

products are developed concurrently.

SV-8
TV-2

FoS/SoS Evolution

SV-9

OV-6C
SV-7

Executable
ModelSV-10

DRM

OpSits

TTP

DRM: Design Reference Mission

OpSit: Operational Situation

TTP: Tactics, Techniques, Procedures

FoS: Family of Systems

SoS: System of Systems

Ref: “Naval Collaborative Environment”, Dr. Harry Crisp, 2002

Architectures Provide the Framework for FoS/SoS 

Systems Engineering & Acquisition
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Integrated Architectures – Defined

• Architecture data elements uniquely defined and 

consistently used

• Accomplished through the mapping of 

standardized terms, definitions, and relations

– Objects used in more than one view are identical

– Objects linked between views are linked within an 

underlying data base.

• Common points of reference linking different 

views of the architecture

• Examples
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View Creation Not Complete System 

Architecture

• No Requirements

• Need for integration with other SE related 

activities – (Test Planning)

• Representations of Traceability lacking
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Review of MBSE

• Model-driven approach to capture and 
integrate:

– Requirements Development

– Logical Analysis

– Design Solution

– Implementation

– Integration

– Verification

– Validation

• System Specification is the model, Model 
is the System Specification
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Example MBSE Taxonomy

System 

Design

Repository

Source Requirements Domain

Physical Architecture Domain

Behavior Domain

V&V Domain

verified by

verified by

Originating requirements

trace to behavior

Originating requirements

trace to physical components

Behavior is allocated to

physical components

verified by
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Example MBSE taxonomy (cont.)

Primary Concurrent Engineering Activities At Each Layer
Source
Documents 

Layer 1
(Draft 1)

Layer 2
(Draft 2)

Layer n
(Final 
Specs.)

Behavior 
Analysis

Synthesis/ 
Architecture

Design 
V & V

System Design Repository Specification & Report Generation

Iterate as required When layer completed

Iterate as required When layer completed

Originating 
Requirements 
Analysis

Behavior 
Analysis

Synthesis/
Architecture

Design 
V & V

System Design Repository Specification & Report Generation

Behavior 
Analysis

Synthesis/
Architecture

Design 
V & V

System Design Repository Specification & Report Generation

no

yes

Accept Handover

From Prior Shift
LP

7

Process Claim Quiting time?

Handover to Next

Shift
LE

OR LP Leave Workplace

Initial Requirements for 
this layer are embodied 
in the model passed 
from the prior layer

Initial Requirements for 
this layer are embodied 
in the model passed 
from the prior layer

Top-level
Reqts. 

Next-level
Reqts. 

Next-level
Reqts. 

• Must complete a layer before moving to the next layer (completeness)
• Cannot iterate back more than one layer (convergence)

•
•
•
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MBSE and Integrated 

Architecture Common Traits
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DoDAF Integrated Data Layer

Synchronized

Architecture Framework Structure
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MBSE Integrated Data Layer

Data

Data Data Data Data

Data

Requirements 

Management

Behavioral 

Analysis

Architecture 

Synthesis
Verification

Integrated, Consistent Analysis: Complete Specifications, Project Documentation, 
Queries & Models

Source 

Material

Design 

Specifications
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Integrated DoDAF Data Model

implemented by

implemented by

achieves

Architecture
composed ofcomposed of

Operational 
Architecture

Domain

NeedLine

transfers

Operational 
Activity

decomposed by

Operational 
Information

decomposed by

exits by

inputs / 

outputs / 

triggered by

captures / 

consumes / 

produces

performs

connected to 

/ thru

guides

Selected 
Classes

achieves

built from

Operational 
Node

System
Architecture

Domain

Interface

Link

transfers

Function

decomposed by

Item decomposed by

inputs / 

outputs / 

triggered by

captures / 

consumes / 

produces

performs

connected 

to / thru

Exit

implemented by

implemented by

built from
Component

exits by

comprised of

Organization includes

includes

Guidance

achieves

Operational 
Task

includes

Mission

includes

Exchange
Characteristic

joins & 

joins thru

exhibits

exhibits

Exchange
Characteristic

exhibits

exhibits

Interface
Element

Requirement
Element

Physical 
Element

Functional
Element

Color Code
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Systems Engineering Data Model 

(partial)

Source

Documents

documents

Requirement

(Functional)

basis of

System

Behavior

allocated to

System/

Components

Requirement

(Constraint)

specifies

Requirement

(Performance)

specifies

C.1

Universe

Component

C.2

Customers

Component

C.3

Col lectors

Component

S Y S.1

Col lection

Management

S ystem

S ystem

S .1.1

A nalyst/Workstation

Component

S .1.2

A nalyst/Command

Center

Component

u s e r

s y s te m

s y s te m

u s e r

AND

5 0.1

s 1.M ak e

Col le c t io n

Req u es t

5 0.2

s 1.Ac c ep t &

Form at  Req u es t

5 0.3

s 1.Ch e c k  Pro d uc t

In v en to ry

AND AND

5 0.4

s 1.Ge t Prod u c t

F ro m  In v en to ry

5 0.5

s 1.Prov id e

Pro du c t t o  Us e r

5 0.6

s 1.Ac c ep t

Pro du c ts

AND

s 1.

Form at te d

Req u es t

s 1.

Form at te d

Req u es t

s 1.  In v en to ry

Pro du c t

s 1.  In v en to ry

Pro du c t

s 1.

Col le c t io n

Req u es t

s 1.

Col le c t io n

Pro du c ts

C.1

Universe

Component

C.2

Customers

Component

C.3

Col lectors

Component

S Y S.1

Col lection

Management

S ystem

S ystem

S .1.1

A nalyst/Workstation

Component

S .1.2

A nalyst/Command

Center

Component
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Integrated Data Model: Complete Traceability Between the 

Operational Architecture and System Engineering Domains

specifies

Requirement

governs

implemented by

implemented by

achieves

Architecture
composed ofcomposed of

Operational 
Architecture

Domain

NeedLine

transfers

Operational 
Activity

decomposed by

Operational 
Information

decomposed by

exits by

inputs / 

outputs / 

triggered by

captures / 

consumes / 

produces

performs

connected to 

/ thru

guides

Selected 
Classes

achieves

built from

Operational 
Node

System
Architecture

Domain

Interface

Link

transfers

Function

decomposed by

Item decomposed by

inputs / 

outputs / 

triggered by

captures / 

consumes / 

produces

performs

connected 

to / thru

Exit

Resource

implemented by

implemented by

built from
Component

exits by

comprised of

responsible for

Selected Classes     

Organization includes

includes

Guidance

achieves

refined by

Selected 
Classes

Selected 
Classes

includes

Standard

Operational 
Task

includes

Mission

includes

Exchange
Characteristic

joins & 

joins thru

exhibits

exhibits

Exchange
Characteristic

exhibits

exhibits

basis of

Interface
Element

Requirement
Element

Physical 
Element

Functional
Element

Color Code

Resu;lts in
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DoDAF and MBSE System 

Model Overlap - Examples
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Sample Project 

Tactical Imagery Gathering

Description:  The Tactical Image Management Architecture is 

composed of both an operational element and an image 

management system which supports the architecture.  

The tactical scenario models  an army platoon which is 

advancing over a hill and requires information about the tactical 

environment on the other side of  hill.  The platoon makes an  

image information request  which is  transferred back to joint 

task force.  The joint task force has access to an image 

management system which checks to see if the information 

required is already available in its inventory.  If the information 

is not in the inventory, a tactical UAV, in this case a Predator, is 

tasked to collect  an image of the other side of the hill, send it 

back to the image management system, and then the requested  

tactical information is communicated to the platoon.
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Architectures

Architecture

Operational

Architecture

Systems

Architecture

composed of composed of
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Modeled Relationships
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Architecture Traced to Guidance 

Documents
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As seen in the produced AV-2
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Architectures - Example

composed ofcomposed of

Mod

Tactical Image
Management v2

Architecture

S.1

Image
Management Sy...

Component

IM

TACIM Op
Scenario Partici...

OperationalNode

Architecture

Operational

Architecture

Systems

Architecture

composed of compose

d of
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Capability – Support External Users
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Support External Users as an OV-5
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Architectures & Domains

Architecture

Operational Architecture Domain

Operational

Architecture

Operational

Context

External

Nodes

built frombuilt from

Systems Architecture Domain

Systems

Architecture

Systems

Context

External

Systems

built frombuilt from
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One View . . .

Hierarchy of Operational Nodes
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. . . Relates to the Next . . .

I/O of Operational Activities
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. . . Relates to the Next . . .
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. . . And From Our Integrated 

Architecture . . .
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. . . The Resulting OV-3
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Architectures & Requirements

Requirements

translation

process

translation

process

Operational Architecture Domain

Operational „need‟

[read: Capability]

Systems Architecture Domain

Design



© 1995-2006 Vitech Corporation. All rights reserved. MBSE5 - 34

Capability to Requirement Traceability
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Requirement to Function Traceability
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Op Activities implemented by

System Functions
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SV-5a Operational Activity to Systems Function 

Traceability Matrix
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SE Traceability
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Function Appears in the SSS
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Function As Part Of SV-4
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Inside the Data Model . . .
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N2 Diagram Provides a Snapshot of 

System I/O
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Functional Allocation to System Components 

Reveals Required Connectivity
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System Interoperability Also Used In 

Interface Requirement Specifications
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SV-3 Systems-Systems Matrix
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Test Planning In
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Architecture Executeability:

Operational and System Level

System behavior diagram defines 
architecture of simulation model which  
allows us to analyze Behavior, Timelines, 
Resources, Queues, and Flows 
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Integrated Model Benefits

• Synchronization between DoDAF views and 

systems Engineering products

• Traceability of Operational Doctrine to System-

level Functional Requirements

– Can be establish through Operational Scenarios

– Supports Operational Testing
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Discussion

• Implications for CADM (?)

• DoDAF Views lend themselves to analysis, not 

system development

• Migration from C4ISR to DoDAF

– Typical modeling techniques limited to computer stuff

– Much discovery work goes straight to software

– Traced from TOGAF?
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Things to Mention

• TOGAF – The Open Group Architecture 

Framework

– TOGAF ADM – Architecture Development Method, 

limited to amorphous, distributed computer gunk

• SE principles applicable to all levels of analysis

• Why is the DoD “Chief Information Officer” 

dictating methods and tools by which we 

develop systems?

• “Interoperability” issues not limited to “purple”

– Including “disadvantaged” or “tactical edge” users (the 

real war fighters)
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The End


