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Unpredictable dynamic environments

m 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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More upfront SE — more impact
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m Concept/architecture design is one of the 2 most critical steps in
product gdevelopment

m Resource spending on this project stage 1s <5%-10% of budget
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The product development fantasy
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Knowledge is available to make the best
choices when decisions are required

.. there are no changes in the product, no design iterations

. design can be done in parallel, reducing time-to-market
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The product development paradox (PDP)
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Knowledge is lacking when critical

decisions are made

. by the time we have knowledge, design freedom diminishes,
cost have been committed and changes are costly
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The product development paradox (PDP) (2)
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The product development paradox (PDP) (3)
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Information management

Dynamic process management
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N-dim (n dimensional information modeling)

DPDP (dynamic product development
process management)

ROQFD (Resource/Robust QFD)
WP (Wicked Problem formulation)

APSOS (Concept generation)
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System architecture

m Sclection of the types of system elements, their characteristics, and
their arrangement

[INCOSE SE Handbook]
® SOS
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AP: Assumption Promises (Dr. Avner Engel)

m Ensure
¢ traceability

¢ completeness
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AP: Assumption Promises (Dr. Avner Engel)

m External and internal interaction between assumption and
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SOS — robust product concept innovation

m Subjective Objective System for Optimal Robust Concept
Generation

m PhD work of Amir Ziv Av, being continually extended in
different directions

m Used in Ziv Av Engineering

m 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.

e 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

m Inputs to SOS:

¢ Product objectives
+ Customer requirements
- Manufacturer objectives
< ... government regulations, etc.

+ Building blocks
o Constraints

¢ Influence of building blocks on attaining product objectives
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18



Example car design: Product objectives

m Customer — objective
¢ Stability and handling
¢ Safety in accidents
¢ Low ownership cost
> ...
m Manufacturer — subjective
¢ Minimal investment/risk in development (for Peugeot, Citroen)
¢ Minimal mass production cost
+ Ease of maintenance
> ...

m Objectives have relative weight w 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

Copyright © 2009 Reich / Research in SE / Technion 21



Example car design: Influence of BBs on product
objective

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

m Istorder

LI( Front engine ) =1

LI( Rear engine ) =-1
m 2" order

LI( 4x4, central transmission) = -1

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

Copyright © 2009 Reich / Research in SE / Technion
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Organization of information into layers
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Mathematical Formulation (basic form)

m
maXQ — ZW| . NLV|
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| o I .

N N unaware of this
LV| = > DJ 3 LI ljk * Dk formulation.
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APSOS: integrating SOS with AP (Yuri Belsky)

Product

Component 1 Component 2 Component 3

Sub-product

Sub-product

Component 4 Component 5
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Dynamic product development processes (Dr. Arie Karniel)

m Need to account for dynamic system development
projects
m 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)
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DPDP

m [nput
¢ Predefined process scheme
¢ Various constraints
+ Real-time project status and knowledge

m QOutput
¢ New process scheme optimized to desired objectives
+ Record of design process
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33



DPDP: Framework

Predefined

Process
Process Scheme Process
- "El-. g {::i > .
(Genérator Engine
Agenda Process change source list
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DPDP: Framework
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DPDP: Framework
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DPDP: Framework
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DPDP: Process Planning Cycle

From product knowledge to process plan
Define product Components
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DPDP: New product process example

lteration PDR

{ Specification

A

Production
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DPDP: sound and unsound processes

m Changes 1n the process scheme must lead to sound
processes

(a) Live lock process (b) Sound process

[terations of parallel paths
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DPDP: Process simulations and decision making

m Process simulations
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Conclusions

m Product development paradox

m Integrated suite of tools for architecture development
and dynamic process management
+ SOS moves robustness into conceptual design

¢ Robustness 1s 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 attention
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