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Introduction

· Enterprise level Product and Process Information 
Management is becoming key issue for many 
companies

· This is a new area and normative processes are non-
existent

· Supporting computing systems must address:
– cross functional process flows
– multi-disciplinary/ multi-site interactions
– fine grain work-in-progress issues 

· There is little expertise in this area
· The patterns here attempt to capture some key 

characterizations
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Definition

· A Design pattern describes a problem which occurs 
over and over again in our environment, and then 
describes the Core of the Solution to that problem, in 
such a way that you can use this solution a million 
times over, without ever doing it the same way twice
± Christopher Alexander

· Usually expressed in terms of
± Models

· Classes

· Interfaces

± Processes
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Familiar Patterns from Engineering Design
Ref: Pahl and Beitz, Engineering Design, Springer-Verlag, 1988
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Rationale
· Processes are pervasive throughout the product life-

cycle.
· Processes have enormous impact on cost and cycle-

time, yet are poorly understood.
· How to redefine processes for effective design is not 

well known
· Process Methodologies do not provide concrete 

mechanisms or constructs for improved design 
processes

· Effective process mechanisms for engineering design 
are not documented

· Design viewed as an ad-hoc process
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The Enterprise Context
Key Business Drivers:

· Customer Satisfaction
· Reduce Cost & Cycle Time
· Reduce Time to Market
· Simple and Robust Processes
· Regulatory Requirements

Key Functional Requirements:

· Integrated Information Availability
· Configuration Management
· Traceability and Accountability
· Integrated and Common Processes
· Integrated Tools
·Integrated Supply chain

Marketing

Manufacturing/Production 
MRP, MPS, SFC

Support/ Maintain

Business Resources
· Track costs & resources

· Overall process metrics
Engineering 

Robust Product Representation

· Custom products

· Incremental requirement def’n

· Forecast/build to intermediate def’n
· Reduce cycle time

· Manage change

· Concurrent Interactions
- Inter/intra-disciplinary
- Interorganization

·Configuration management
· Visibility of least reusable definition

· Decoupled design identity

· Integration of define definition
- Eliminate point designs
- Metrics/CM
- Traceability and accountability

· Flexible release protocols

· Release/ order of parts with unique identity
· Schedule to process plan operations

· Timely reaction to contingencies

· Manage change

· Minimize MRP nervousness
· As-built definition

· Create intermediate design definitions

· As-maintained definition

· Manage change
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Basis for Patterns
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Process Consulting/ Design/ 
Implementation experience

± Aerospace: Configuration Management of Airplane Definition 
and Manufacture

± Automotive 
± Tire
± Consumer Electronics/ Office automation
± WPAFB
± Product Data Management implementation
± Digital Signal Processor and Avionics Design
± Missile Design and Manufacturing
± Warner Robins Air Logistics Center
± Ship Systems Design and Manufacturing
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Boeing's Re-engineering Efforts

· FUNDAMENTALLY rethink and 
RADICALLY simplify the PROCESSES
related to airplane configuration 
definition and production.

± Business process driven system design
± Target key breakthrough improvements

± Program policy and guidance
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RASSP (Rapid Prototyping of Application Specific 
Signal Processors) Program

Streamlining the 
design process...

... to exploit 
digital processing 
solutions….From Concept...

through design...

to final product

System 
Requirements  

Capture, 
Analysis 

& 
Partitioning

HW/SW Codesign
Detailed 
Design

Architecture 
Selection

Functional  
Design

Architecture 
Verification

RASSP Reuse LibraryModel Year 
Architecture

HW 

SW 

HW 

SW 

HW 

SW 

Methodology

Architecture Infrastructure

RASSP
Reinventing
Electronic

Design

DARPA • Tri-Service

... to achieve 4x 
improvement in 
cost, cycle time, 
and quality
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Affordable Multi Missile Manufacturing
· DARPA Program

· Objective: Reduce Cost of Ongoing Missile Programs 
by 25% and New Programs by 50%

· Utilized Process Engineering Methodologies 
· Developed AS-IS and TO-BE Processes for:

± Design
± Manufacturing

± Procurement
· Analyzed Processes via Simulation to 

determine high impact areas
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Patterns

· Master-Revision

· Long duration decoupled life cycles
· Concurrent Functional to Build decomposition

· Work-in-process dynamics
· H/w S/w Codesign

· Risk driven methodology
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Pattern: Master-Revision

· Business Case:  Change in the product definition 
is integral to the Design process.  To simplify 
processes, there is a need to establish the 
invariants of a design definition, and insulate it 
from its change dynamics.  
± In addition effectivity should be controlled separately 

from configuration

· Intent: Simplify implementation of 
± Interchangeability 
± Concurrent Engineering work-in-progress dynamics
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Master- Revision Solution Model

LEGEND

Master

Rev

P1

A B

SPEC

Invariance zone

Var iance zone, changed through object acquisition for  
definition

Has Revision

Master

Revision

· Masters insulate Revisions from 
± WIP dynamics
± interchangeability
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Master- Revision Solution Model
Structures

P1

A B

P3 P4 P5

A A B A

Structure
Effectivity

Revision
Effectivity

Released Released ReleasedWorking

Date, Lot, Unit, Option

Date, Lot, Unit

P4
B

P5
A

P1
B

P4
A

P5
A

P1
Blatest

latest
Released

· Structures enjoy insulation from component 
± WIP dynamics
± interchangeability

DERIVES
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Master- Revision Solution Model
Structures

· Shift in control 
decouples change 
authority
± configuration changes
± logistic changes

· Context may become 
complex when 
derived structure is 
managed

Has Revision

Master

CONTEXT

Revision

HasStructure

Derived
Structure

Effectivity
Control

Structure
Effectivity

Revision
Effectivity
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Master- Revision Solution Model
Fine Grain Structures

P1

A B

P3 P4 P5

Inst.
Picture
Sheet

A B

Released Working

Part
Sub

A B

Released Released

P1
B

P4
A

P5
A

latest
Released

IPS
ADERIVES

· Certain specifications 
relate only to the 
relationship between 
two objects
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Master- Revision Solution Model
Fine Grain Structures

Has Revision

Master

Revision

HasStructure

Derived
Structure

CONTEXT

Config-specific
Details

Derived
Details

CONTEXT

· Relations are 
often contextual
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Master- Revision
· Applicability

± Part interchangeability model
± Pure part number control
± Bill of materials structure model
± Part specification reference model
± Work-in-progress insulation 

· Implications
± Serves as Interface contract
± Forces adherence to pure part number control guidelines
± Introduces a level of indirection - performance overhead
± Definition is derived. Effectivity context is key to processing.

Traceability may be important.
± Changes to versions are limited by Master definition, and are 

insulated from Master references
± Manipulation by multiple disciplines requires additional dimensions
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Master- Revision 
Implementation Issues

· Adherence to work-in-progress 
business rules

· Work with update concepts like Check 
out, revise, version, etc.
± Rigid rules on Part number rolls versus 

Revisions

· Education on significance of context 
processing to derive specific structure
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Pattern: Long duration decoupled 
life cycles

· Business Case:  The life cycle of product definitions 
and change may be in the order of years and 
involves numerous roles. Configuration control and 
traceability of the evolution of the definition is critical 
to successful product development.

· Intent: Evolve definition while supporting
± periodic commitment
± decomposition and consolidation
± gradual elaboration with exploration of alternatives, revisions
± Traceability and accountability
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Long duration decoupled life 
cycles process flow

S1-> S2-> S3... Sfinal
S1-> S2-> S3... Sfinal S1-> S2-> S3... Sfinal

Revision
Transition

Alternatives

New 
Transition 
thread

Commitment/ baseline
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Long duration decoupled life 
cycles Solution Model

· Transitions allow for different 
threads and may consolidate 
multiple decisions
± Transitions should be 

aligned with process driven 
control/ decision points

· Alternatives and Related 
items reference Masters, 
thereby providing WIP 
insulation

· Concept extends to 
Decomposition

Has Revision

Master

Revision

HasStructure HasTransition

Has
Related

Has
Alternatives
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Long duration decoupled life 
cycles

· Applicability
± Serial process flow

± Part development process (concept, preliminary, detailed design)
· not concurrent manufacturing

± Change management process (proposal, cost and impact analysis, 
incorporation, execution)

± Work-in-progress insulation 

· Implications
± Traceability is maintained relative to full evolution of object

± Well defined business rules for transitioning
± Semantics for identifying chosen alternative, and resolving latest 

definition 
± Introduces levels of indirection 

± Does not adequately address concurrent development
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Long duration decoupled life 
cycles 

Implementation Issues

· Business triggers to initiate transition
· Follow protocol to record all work in 

progress development
· Education on navigation of traceability 

to derive concept evolution
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Concurrent Functional to Build 
decomposition

· Business Case: Support independent processes, while 
maintaining an integrated product structure:
± Allow Engineering and Manufacturing to work concurrently and 

independently while defining product structures in the context of a 
design build team

± Multidisciplinary Concurrent interaction requires a nimble, 
independent Change process

· Change coupling introduces high interia

± The business process and rules may vary based on the discipline

· Intent: Transform functionally decomposed product structure into
a build decomposition 
± evolve discipline dependent definition
± maintain an integrated definition

± propagate definition from one discipline to the next
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Concurrent Functional to Build 
decomposition Model

View dependent structures

Part-1
Rev A

Proc. Plan
M 1

Proc. Plan
M 2

· Part is made per 
Plan at a given 
Site

· M-BOM structure 
is different for 
each site, but 
meets E-BOM 
specifications

· Plans optimize for 
local build 
capabilities

Proc. Plan
M3

ABC
1

AB C

A B

EBOM

QTY=3

M 1

M 2

M 3

Engineering

ABC
2

A BC

B CB

QTY=2

ABC
3

B CA

QTY=3

M2-BOM ABC
4

A BC

CB

QTY=3

M3-BOM

Views
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Concurrent Functional to Build 
decomposition Model

View dependent revisions

S1->.. Sn

•Optimize for change at the local level
•Each object integrates view dependent 
structures and propagates it forward
•View network governs precedence 
semantics

Engineering

S1->.. Sn

S1->.. Sn

M 1

M 2

M 3

Engineering

Views

M 2

M 1

View 
transitions
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Concurrent Functional to Build 
decomposition Solution Model

· The view network acts as 
a governing organization 
model

· Structures, transitions, 
and objects are view 
dependent

· Revision object 
integrates multiple 
structures

· Revision object 
accessed by one view at 
a given instant

Has Revision

Master

Revision

HasStructure HasTransition

Has
Alternatives

View

predesessor
successor

View Network
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Concurrent Functional to Build 
decomposition

· Applicability
± Concurrent development across disciplines/ sites

· Engineering detail/ Planning

± Multi-disciplinary, multi-site product development
± Integrated View dependent structures and revisions

· Implications
± Propagation of established latest definition across views
± High degree of concurrent development
± Accommodate local autonomous change
± Accommodate local structure change
± Business rules for view transitions
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Concurrent Functional to Build 
decomposition 
Implementation Issues

· WIP paradigm shift
± explicit recognition of risk when starting 

early

· Organization protocol for View network
· Protocol for object acquisition
· Education relative to Context 

processing (view)
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Pattern: Hardware/Software Codesign
· Intent: Reduce integration and test by codesign across 

domains (simultaneous consideration of hardware and 
software during the design process)
± Develop abstract models that span multiple domains at the 

systems engineering level
± Build virtual prototypes using the abstract models
± Continuous optimization/verification throughout the process

HW/SW Codesign
Detailed 
Design

Architecture 
Selection

Functional  
Design

Architecture 
Verification

HW 

SW 

HW 

SW 

HW 

SW 

System 

Capture, 
Analysis 

& 
Partitioning

Requirements  
Build
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Pattern: Hardware/Software Codesign
· Business Case:  Hardware  and software Integration and 

test is very costly and time consuming. It often results in 
redesign loops. These activities represent the largest part 
of the design cost. Codesign techniques can significantly 
reduce these costs and associated cycle-time.

· Applicability: Multi-domain concurrent design problems
· Implementation Issues:

± Integrated representations need to be developed for the domains 
(not an easy task, but once developed these can be extremely 
valuable)

± Tools that can use these new representations need to be 
developed (existing tools rarely work with new representations 
without modification)

± Need for improved coordination and communication between 
design teams
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Pattern: Risk Driven Design Process
· Intent: Reduce long design iterations by performing risk 

driven spiral development
± Partition design space based on level of risk

± Concentrate on higher risk components early on
± Reduce risk by speeding up the design iterations of higher risk components

· Business Case: Considerable redesign occurs due to 
changes introduced by high risk components late in design. 
These changes can be reduced by focusing early on higher 
risk items and doing faster iterations early on for the higher 
risk components.

· Implementation Issues:
± Ability to partition design into higher and lower risk components

± Ability to decouple design iterations of higher and lower risk components

± Ability to perform rapid prototyping of higher risk components
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Risk-Driven Design Process

SYSTEMS

ARCHITECTURE

DETAILED 
DESIGN

INFORMATION 
CONTENT M

A
JO

R S
PI

R
A

L 
CY

C
LE

C
YC

LE
 1

C
YC

LE
 2

C
YC

LE
 N

DATA PACKAGE

DATA PACKAGE

= LOW

= MEDIUM

= HIGH

RELATIVE RISK

M
IN

I-
S

P
IR

A
L
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Y

C
L

E

DATA PACKAGE

= Systems Design

= Architecture Design

= Detailed Design

DESIGN STAGES
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Key Considerations

· Fine grain enterprise level Work-in-progress systems 
represent a big paradigm shift 
± Design implications
± Process implications
± System implications

· integrity, reliability, scalability, traceability, accountability

· Need to mature towards normative engineering 
process models

· Need to strike balance between
± business drivers
± granularity of business objects
± robust processes
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Summary
· Process understanding is critical for cost effective 

design
· Several design programs are surfacing process 

patterns
· Engineering Processes are not as unique as they at 

first appear 
· Several patterns based on experience were 

presented
· Use of these patterns should prove highly beneficial 

to design organizations
· PDM systems provide good framework for 

engineering Process based patterns
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