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Unpredictable dynamic environments

Dynamic environments could be unpredictable 

Environment changes
Changes could be unpredictable, incomprehensible, due to our 
incomplete knowledge of the world
Changes lead to further environmental changes
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More SE → better performance
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Concept/architecture design is one of the 2 most critical steps in 
product development

Resource spending on this project stage is <5%-10% of budget

More upfront SE → more impact

Time into product life-cycle/project
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The product development The product development fantasyfantasy

Time into product life-cycle/project
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The product development The product development paradox paradox (PD(PDPP))

Time into product life-cycle/project
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… by the time we have knowledge, design freedom diminishes, 
cost have been committed and changes are costly 
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The product development The product development paradox paradox (PD(PDPP) (2)) (2)

ת ו צאו ת  הרסניו ת 
ז מ ן  פ ית וח  ,  על ות  גבוהה–אי ן חו פ ש פע ולה  לבצע שינ ו י ים כש הם נדרשים  

ס יכ ו ן גדל , מ ת מ שך
בזבוז מ שאבים,   הפ סד  הזדמ נ ו י ות –ידע נ וצר אינ ו   מנ ו הל  
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The product development The product development paradox paradox (PD(PDPP) (3)) (3)
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מעקרונות לגישת פתרוןמעקרונות לגישת פתרון:  :  פרדוקס האי כותפרדוקס האי כות

מטרות
 אינ טג רציה של מקורות רבים  –העשרת הידע הזמ ין   

וניהול היד ע 
ניהול דרגות החופ ש
הקטנת ע לות ש ינו יי ם

יכולת לבצע  ש ינו י ים   בתחילת התהליך בעלות נמוכה  
  מינ ו ף  ש ינו יי ם  כהזדמנוי ות למידה  ויצי רת ידע  נו ס ף –

תהליך פיתוח אידאלי
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גישה
שי מו ש  בשי ט ות תכן  מ שולבות
ניהול דינמי   של תהליך הפיתוח

י  שלוב השי ט ות בתהליך "ניהול ידע   ע
סדור 

1. Feasibility study

2. Problem formulation

3. Concept generation

Dynamic process management

iterations

Information management
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י ישום  הגישה 

RQFDRQFD (Resource/Robust QFD)

WPWP (Wicked Problem formulation)

APAPSOSSOS ((Concept generation)

DPDPDPDP (dynamic product development 
process management) 

Acknowledgements:
DPDP: Arie Karniel
RQFD: Eyal Levy, Amir Paz
WP, n-dim: Prof. Eswaran Subrahmanian, n-dim group
SOS: Dr. Amir Ziv-Av
AP: Dr. Avner Engel
APSOS: Dr. Avner Engel, Yuri Belsky

עקרונות
י  ביצוע  ני תוחי  רגישות"ח סינ ות הפתרון  ע

מש וב מיד י  מפ ורט   מאפשר  ס בבי הגדרת 
) e.g., WP+SOS( בעיה ופתרון  מהירי ם  

קלות שי מ וש  בגלל שי מו ש  בנתונים ג סי ם

nn--dimdim (n dimensional information modeling) 

1. Feasibility study

2. Problem formulation

3. Concept generation

Dynamic process management

iterations

Information management

גישה
שי מו ש  בשי ט ות תכן  מ שולבות
ניהול דינמי   של תהליך הפיתוח

י  שלוב השי ט ות בתהליך "ניהול ידע   ע
סדור 
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System architecture

Selection of the types of system elements, their characteristics, and 
their arrangement

[INCOSE SE Handbook]

SoS
hierarchical
Interacting
complex

Environment:
Economic crisis
Oil price 
fluctuating
Intense 
competition
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AP: Assumption Promises (Dr. Avner Engel)

Ensure
traceability
compatibility
completeness

UAV System

ssumptions romises

Ground station

Communication

Air vehicle

Payload
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AP: Assumption Promises (Dr. Avner Engel)

External and internal interaction between assumption and 
promises
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SOS – robust product concept innovation

Subjective Objective SystemSubjective Objective System for Optimal Robust Concept 
Generation
PhD work of Amir Ziv AvAmir Ziv Av, being continually extended in 
different directions
Used in Ziv Av Engineering

References:
Y. Reich and A. Ziv-Av, “A comprehensive optimal product concept generation 
framework,” in Proceedings of the 15th International Conference on Design 
Theory and Methodology (DTM), (New York, NY), ASME, 2003. 
A. Ziv-Av and Y. Reich, “SOS – Subjective objective system for generating 
optimal product concepts,” in CD-ROM Proceedings of the 14th International 
Conference on Engineering Design (ICED), The Design Society, 2003.
A. Ziv-Av and Y. Reich, “SOS – Subjective objective system for generating 
optimal product concepts.” Design Studies, 2005.
Y. Reich and A. Ziv-Av, “Robust product concept generation”, in CD-ROM 
Proceedings of the 15th International Conference on Engineering Design (ICED), 
The Design Society, 2005.
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SOS and robust product concepts

Inputs to SOS:
Product objectives

Customer requirements
Manufacturer objectives
… government regulations, etc.

Building blocks
Constraints

Influence of building blocks on attaining product objectives
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Example car design: Product objectives 

Customer – objective
Stability and handling
Safety in accidents
Low ownership cost
…

Manufacturer – subjective
Minimal investment/risk in development (for Peugeot, Citroen)
Minimal mass production cost
Ease of maintenance 
…

Objectives have relative weight ww which define a market segment
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Example car design: Building blocks (BB)

Front engine
Rear engine
Driver before front wheels
Driver behind front wheels
Front wheel drive
Rear wheel drive
4x4 wheel drive
Central transmission
Rigid axels
Independent suspensions

Value of building blocks – D = 0,1 
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Example car design: Constraints b/w BBs

1. Front engine or Rear engine
(Front engine) + (Rear engine) =1

2. Front, Rear, or 4x4 wheel drive
Front + Rear + 4x4 = 1

3. 4x4 drive requires central transmission and vice versa
(4x4 drive) – (central transmission) = 0

4. Driver behind front wheels and Front wheel drive require independent 
suspension
(Independent suspension) – ((Driver behind front wheels) + (Front wheel 
drive)) ≥ -1

From our experience in numerous projects, all constraints could be represented by 
simple linear expressions
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Example car design: Influence of BBs on product 
objective

1st order

2nd order

LI( Front engine ) = 1

LI( Rear engine ) = -1

Minimal investment/risk in 
development (for Peugeot, Citroen)

LI( 4x4, central transmission) = -1

LI( Rear engine, Front wheel drive) = -1



Copyright © 2009 Reich  /  Research in SE / Technion 23

Organization of information into layers

Building block variables
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Mathematical Formulation (basic form)
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the optimal concept.
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APSOS: integrating SOS with AP (Yuri Belsky)
Product

Component 1 Component 3Component 2

ln1

ln2 ln3

Set5 Set6 Set7

ln4

ln5
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ln9ln6

Sub-product

Sub-product

Component 4
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Dynamic product development processes (Dr. Arie Karniel)

Need to account for dynamic system development 
projects
Constantly evolving in an unpredictable manner 

Make sure fast changes are sound
Plan based on simulations of randomized events (albeit 
from a predictable ensemble)
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Dynamic new Product Development Processes (DPDP)

Process
Generator

Process
Engine

Process Status

Product Design Knowledge

Process 
Scheme

Predefined
Process

&Changes

Requirements

Constraints

AgendaAgenda
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DPDP

Input
Predefined process scheme
Various constraints
Real-time project status and knowledge

Output
New process scheme optimized to desired objectives
Record of design process
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DPDP: Framework 

Process
Generator

Process
Engine

Process 
Scheme

Predefined
Process

Process change source listAgendaAgenda
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DPDP: Framework 
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DPDP: Process Planning Cycle
From product knowledge to process plan

Define product Components

Define Component 
parametric links
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End

Design
Conceptual

Design

Begin Specification

PDR CDR

Production

Cancel 
Project

Iteration Iteration

DPDP: New product process example
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DPDP: sound and unsound processes

Changes in the process scheme must lead to sound 
processes

  
(a) Live lock process  (b) Sound process  

Iterations of parallel paths 
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DPDP: Process simulations and decision making

Process simulations 
of random changes 
allows making better 
process design 
decisions

Difference 
function

 
P1 – Serialized

 
P2 – Design 

block 
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Conclusions

Product development paradoxProduct development paradox

Integrated suite of tools for architecture development Integrated suite of tools for architecture development 
and dynamic process managementand dynamic process management

SOS moves robustness into conceptual design
Robustness is addressed by systematically simulating 
conceptual design with varying conditions and 
maintaining traceability and compatibility between 
components
DPDP supports dynamic changes. 
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Thank you for your attentionThank you for your attention
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 SME – Society of Manufacturing Engineers  ,
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מ"תיב


