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Purpose

…. to discuss the application of the new, modern
System Engineering Architecture Based Design
Process that is the current standard at Lockheed
Martin Management & Data Systems in Valley
Forge, PA, to a live, critical program.…walk the
talk.
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Overview

• AVS and ABD™ Background
• Program Examples
• Lessons and Observations
• Conclusion
• References
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AVS and ABD™ Background:
Definitions

• Architecture Based Design™ (ABD™) : design
process for defining all executing levels and aspects
of a large, complex software intensive system
through an Architecture View Set.

• Architecture View Set (AVS) : model-based, multi-
dimensional, complete description of what a system
is and how it works.

• TTWCS (Tactical Tomahawk Weapon Control
System) : US Navy System responsible for
managing and executing the launch and control of
Tomahawks. (Significant reuse of ATWCS S/W
and System Design)
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AVS and ABD™ Background:
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AVS and ABD™ Background:
AVS

• 9 Core Views
• 18 Core View Relationships
• TTWCS had no need for two

core views
• Mission Object View - 50%

reuse of system and software
design

• Facility View - Reused facility
on ship and submarine

• This removed the need for 9
core view relationships
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AVS and ABD™ Background:
Relationship to Other Models

• Many Architecture Frameworks (AF) are
currently available (C4ISR (a.k.a. DOD) AF,
Treasury Enterprise AF, Zachman, others)

• Since the AVS represents the actual, physical,
executing description of the system, it maps
closely with
• the System View of the C4ISR AF
• the middle layers of the Zachman framework

• AVS focuses on relationships between models
• AVS focuses on depiction of emergent system

properties
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Program Examples:
Models

• Models supporting the views were generated
using Meta-CASE Tool - System Architect by
Popkin Software

• Customized Models made efficient and effective
architecture depiction possible
• The best notation for the view
• Facilitating managed and/or automatic relationships

between models (and, therefore between views)
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Program Examples:
Model Documentation Method

AVS View Diagram Details
Mission Executable View Ward Mellor Data Flow 

Diagram
Symbol Defintions

Mission Scenario View Gane & Sarson Data Flow 
Diagram

Symbol Defintions

Data View N/A Data Defintions & Adjuct 
Documents (1)

Hardware View Sketch in SA H/W Schematics
User View Workflows Microsoft Office (2)
State/Transition View State Transition Diagram Symbol Defintions
Infrastructure View Sketch in SA Referenced (3)
Composite Views N/A Referenced Documentation and 

Incorporated into Other Views

(1) External Messages reference ICDs (Interface Control Documents.  IDD (Internal Design 
Documents) messages are defined in SA and external Spreadsheet.  Intra-Subsystem messages 
are defined in SDDs.
(2) HCI Presentations are in PPT: HCI Specification is a Word Document.
(3) Operating Environments goverened by Requirements and Navy Standards documented in 
Vendor Documents.



July 5, 2001 10

Program Examples:
Model Relationships

Relationship Mechanism
Mission Executable Hardware Executables Mapped to H/W component definition
Mission Scenario Mission Executable Scenario depicts Executables/Messages and data 

stores in Action
User Mission Scenario Detailed HMI Specs correspond to operator 

interaction in Scenario Diagrams
State Transition Mission Scenario Behavior of Executables during State Transitions is 

captured in Scenario Diagrams

Mission Executable Data Message and Data Store symbols are defined
Mission Executable User User symbol is defined
Mission Executable Infrastructure Services used are listed in Executable Symbol 

Definition
Data Hardware Persistent Data Stores Mapped to H/W component 

definition
Infrastructure Hardware Infrastructure Executables Mapped to H/W 

Component definitions

Views
Relationships between Views in the TTWCS AVS
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Program Examples:
 Mission Scenario Roadmap

RM01 - Main Mission (Flow
Chart)

SA/2001
Thu Oct 19, 2000  16:23

Comment
Color Indicates the

Increment in which the Bulk
of the Functionality is

Delivered
LEGEND:

Increment 2 - Green
Increment 3 - Yellow
Increment 4 - Blue

Multiple Incs - Grey

(TCC12.01,02,
TCC13.01,02,
TCC14.01,02

TCC17.01, TCC18.01
TCC32.01, TCC33.01,02)

Post-Launch Execution

(TCC05.01,03-06
TCC35.06,07)

Receive and Process
Conventional Strike

Package

(TCC01.00 - 07,09
TCC11.01,02

TCC04.01-06)

Receive and Process
LPMP Strike Package

(TCC05.02,03,05,06)

Receive and Process
Post Launch Strike

Package

(TCC11.03,04,
TCC24.01,

TCC25.01-02,
TCC26.01-02

TCC30.01)

Create Mission

(TCC03.01,02,06,11,15,16
TCC08.01,03)

Ad Hoc Messages

(SYS03.08)

Edit of Engagement

(SYS03.03-07
EM19.01
EM37.01
EM35.01)

Edit of Engagement

(SYS03.03-07
EM19.01
EM37.01
EM35.01)

Edit of Engagement

(EM33.01-04,13,14
EM20.01-02)

Initialize C&D and
Interfaces

(TCC15.01-03
TCC09.01-06)

Post Strike Report

(SYS04.02
EM33.08-09)

Transition to Make
Ready

(SYS03.03-07
EM19.01
EM37.01
EM35.01)

Edit of Engagement

(SYS03.03-07
EM19.01
EM37.01

EM35.01-03)

Edit of Engagement

(SYS03.03-07
EM19.01
EM37.01)

Edit of Engagement

(SYS04.01
EM33.08-09)

Activate
Engagement

(TCC27.01-03,05,
TCC29.01-08)

PML, MDU, FDU

(TCC23.01)

Strike Preview

(RM01S)

SUBMARINE
UNIQUE

SCENARIOS

(RM9)

Strike Package
Reports

(SYS05.02
EM33.08-12)

Transition to
Execute

(SYS05.01
EM33.08-09)

Final Review

(SYS04.03
EM33.06-07)

Prep Missile

(SYS10.05)

Post Launch
HouseKeeping

(SYS05.03
EM33.05)

Launch Missile

(SYS03.01,02
SYS23.01)

Create Engagement
(TCC19.01)

Conflict
Identification

Analysis

(RM40,RM41)

Training Scenarios

(RM80)
Common Services

Operator

Operator TC2S

TC2S

Operator

TC2S

edit

events

Events

Retarget Routing

Modify Tasking

Modify Tasking

Modify Tasking

Modify Tasking

events
events

Strike Package

(Manual Creation)

Strike Package
Call For Fire

(Manual Creation)
PLE Tasking

Strike Package
Post Launch

Strike Package
LPMP

events

MissileStatus

MissileStatus

LPMP Create Mission Request

edit

Strike Package

(Manual Creation)

edit

edit

edit

Save Execute

Missile Selection

Events

Delete Engagement

Strike Package

Conventional

Act on Final Review Action Prompt

WCS Plan Status

edit

Save

Create Engagement Plan

Ownship Strike Package
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Program Examples:
 Mission Scenario Diagram

TCC05.04 - Display CALA
(Data Flow Gane & Sarson)

SA/2001
Sat Apr 22, 2000  15:47

Comment

P

OPR

P

TC2
-C

P

CS-
CS

P

TC2-
TH

P
TC2
-TH

Set Launch Position

HCI Selection
(Select PLP)

ALA Data

Get ALA Data

HCI Display Rqst
(Show Composite ALA)

CS-Show Composite ALA
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Program Examples:
User View Flow Chart

T

Operator selects Create
Mission/Engagement

Plans and PLP passed to
engagement manager.
Engagement creation

initiated.

Selected plans
are highlighted.

From the Tasking Manger 
window,  select the 
desired plans, using 

cursor or Select button.
3.4.3.6

3.4.3

3.4.3

V

Planning Engagement
Manager

1.49

1.50

TTWCS Operator Non-Operator ActorsNon-Operator Actors System Operations HCI Spec #

Electronic Strike Package Workflow
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Program Examples:
User View HMI Example

Click to edit Master title
style

• Click to edit Master text styles
• Second level

• Third level
• Fourth level

• Fifth level
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Tactical         Execute                     001000001                           12 114000Z Oct 2000
12 100000Z Oct 2000

Waiting         124           538       Primary  Pre-Planned    048-001-01000           121400 /TGT
Blk IIIC
Waiting         124           539       RSpare  Pre-Planned    048-001-01000            121401/TGT
00:00            Blk IIIC
Waiting         125           540       Primary  Pre-Planned    048-001-01001   6      121400/TGT
Blk IV
Waiting         127           542       Primary   Pre-Planned   048-001-01002   2      121422/TGT
Blk IV
Waiting         132           561       Backup   Pre-Planned   048-001-01007            121450/TGT
Blk IV
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Lessons and Observations:
Communicating Design

• HTML Version of Architecture on Program Website
• Effective Communication Internally & Externally
• Customer Presentations done in Logical Sequence

• HMI (User View: Flow Chart and HMI Examples)
• Architecture Design (Mission Scenario Roadmap and Mission

Scenario Views)
• Transition to Software Design Details

• Resulted in Positive Customer Involvement
• Introduced Tool Early
• Confidence in System Design
• Useful Meetings at all levels, Valuable Interaction
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Lessons and Observations:
Composite View

• Composite Views:   describe and design emergent
properties in the system
• Emergent properties are visible across many architecture views
• Impacts and conflicts with the overall architecture must be resolved
• TTWCS Composite Views:  Safety, Security, Process Management,

Training, Submarine, System Performance

• A dedicated engineer responsible for each composite
view
• Selected appropriate documentation approach
• Reviewed all Capability Design Documents

• Composite Views are a powerful and cohesive approach
to solving system-level problems
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Lessons and Observations:
Capability Design Document (CDD)

• Each Increment consists of the delivery
of a set of Capabilities to the test team

• Capability: A Deliverable Piece of
Functionality, generally specific to
Increment and SubSystem

• CDDs Document Operational Concept
Definition and Applicable System
Functionality through References to
Applicable Models,  including
Composite Views, Series of Scenario
Diagrams, etc.

• CDD managed by System Architect in
the Architecture View Set

• CDDs serve as a Contract between SE
and S/W Development
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P

TC2

P

TC2-

ALA Data

Get ALA Data
-C

TH

Lessons and Observations:
Requirement Traceability

• Allocation of System Level Requirements directly to
Architecture Artifacts
• Capabilities, Scenario Diagrams, Executing Units, Composite

Views
• Maintained in RTM(Requirement Management Tool) through

Architecture Element Attribute

• Lower Level Requirements (Executable Spec)
captured directly in the Architecture View Set
• Capability Design Documents
• Mini-Spec associated with functionality

internal to executable
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Lessons and Observations:
Requirement Traceability

TOTALTOTAL
SPECIFICATION SPECIFICATION 

OBJECTSOBJECTS
(1950)(1950)

NON-REQ (400)NON-REQ (400)

REQIREMENTSREQIREMENTS
(1550)(1550)

Composite View (140)Composite View (140)

Scenarios (290)Scenarios (290)

Legacy HardwareLegacy Hardware
RequirementsRequirements
Specification (220)Specification (220)
Legacy SoftwareLegacy Software
RequirementsRequirements
Specification (460)Specification (460)

Individual ExecutablesIndividual Executables
(140)(140)

Higher levelHigher level
Artifacts (80)Artifacts (80)

Operating EnvironmentOperating Environment
Software ReqSoftware Req
Specification (220)Specification (220)

20%20%

80%80%
LegacyLegacy

ArtifactsArtifacts
(900)(900)

AVSAVS
ArtifactsArtifacts

(650)(650)

60%60%

40%40%

25%25%

25%25%

50%50%

20%20%

20%20%

45%45%

15%15%

Percent of Total Percent of Total 
RequirementsRequirements

100%100%

15%15%

15%15%

8%8%

8%8%

30%30%

19%19%

5%5%
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Lessons and Observations:
Additional Points

• Design Confidence
• Multiple Related Views of System Architecture

• Communicating and Documenting Design
• Modern Method - Models vs. Requirements
• Facilitated coordination between SE and S/W throughout the

development of the AVS Artifacts
• Prevalence of Design Artifacts throughout Work Environment

• Separation of Executing and Construction Aspects
• Design stopped at definition of Executables
• Smooth transition to Software Design using UML

• Extended design Approach to Scenario Based Test
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Conclusion

• Architecture Based Design™ (ABD™) and the
Architecture View Set is a Valuable and Successful
Method for Architecting a System

• Experiences on TTWCS are noteworthy and helpful
for improving the process
• Navy customer mandated continuance of method into the next

generation of the system
• Lessons Learned are being incorporated back into the

evolving ABD™ process.
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