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Creativity

Expert Opinion

Brainstorming - 3
- - Trend Analysis
Vision generation interviews L g
. Focus Gmups ong wave anaIYSIS
Creativity workshops Delphi Precursor analysis
TRiZ Trend extrapolation

___,.-—‘-"_’_—-—_ -
- o ) Trend Impact Analysis
< Monitoring and Intelligence Methods Biblomelrics
— Monitoring
Statistical Methods
Correlation analysis
- Demographics
Cross-impact
analysis
Modeling & Simulation W

Causal models
Diffusion modeling
Complex adaptive system modeling (CAS) [Chaos]
Systems simulation [system dynamics, KSIM]
Technological substitution

Economic base modeling [input- 7
output analysis

Valuing/Decision/Economics Methods
Action [options] analysis
Cost-benefit analysis [monetized and other]
Decision analysis [utility analyses]

Scenario-s:’mu!zirfo/n* Agent modeling

Descriptive & Matrices Methods
Institutional analysis
Innovation system modeling
Checklists for impact identification
Roadmapping [product-technology roadmapping]
Social impact assessment
Multiple perspectives assessment
State of the future index (SOFI)
Morphological analysis
Organizational analysis
Analogies

Relevance
trees

H 88 Phillips, Heidrick, Potter
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wave model (bell-shaped running curve)

Weight, W

Volume, V/ Law of Transition to bi- and
Power, P Harmonization poly-systems
(non-linear operation of
components)
Law of Energy Law of Transition to
Conductivity in the Super-system
| (autonomous operation
|

of sub-systems)

Law of Transition to
the Super-system

systers y f
Oy

Law of System l

{ (convergence of the

!
\\ parts of system)

Completeness

—

Performance, Time

Evolutionary Potential (Mann 2003)

Controllabilty
Energy geace Bearing Assembly
Boundaries Surface
Action Geometric (Volume)
Rhythm Geometric (Linear)

Dynamization
e
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Directed Evolution (Zlotin, Zusman, 2001)

Today is a Key to Understanding
the Past (History)

Understanding the Future is a Key
to Controling Evolution

1. Collection of historical data

4. Decision making

Controlling Evolution
is a Key to Success

2. DE Diagnostics

3. Synthesis of ideas

| The Past is a Key to Understanding the Future

Evolution Trees (Shpakovsky, 2006)

i | L
fill g 19
drilc

(5]
—EHEHE

Method for bypassing competing patents and creating patent umbrellas

EVOLUTION TREE OF DISPLAY

——
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New processes are the
consequence of a
intrinsic improvement of
existing technology

E.g. Nanoceramics pre-
treatment as a substitute of
phosphate based treatment;

Ultrasound cleaning; New processes are the
consequence of a
requested feature in the

Technology Evolution line

A
I
I
I
I
I
I
I
I
I
I
I
I
I

product.
e E.q. new application process
i\{\ for IXELIUM
&
S The ideal direction: new ] ] ]
/ Product Driven Evolution line

processes achieve a
substantial gain in each
dimension

New processes are the
" consequence of a strategic
organizational need.

E.g. Laser Marking asa
substitute for Pad-printing in
order to reduce lead time
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Logistic
Curve
models

Know/edget - OTSM-TRIZ
man n
AORIENE RESEARCHING models

FUTURE

Waves and | Limits of
Cycles Resources
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A ldentify
C. Define D. Perform
needs in E. Prepare E. Validate
Technology u project [ nht:f:.lt_l;res [ a a“::rf! L™ results | F. Apply TF
Forecast (TF) develop TF
r-I'_'.'-'. 1.1. Define Key
Functions and
| Key Fealfures
P Y
D.1.2 Lawof |
System
Completeness - ;
Description [ De_ﬁr.le 0.2, Capitalize Q.S: Ar_'nal'_..rza D4 El..!rlcl the
i Boundanes of ——# Set of ——— limitation of # Time Diagram
v System Problams resources (timing)
01,3, Impact
Analysis of
Confaxts and
Altermatives
¥
0. 1.4. Analysis of | D. 2_'1' Rﬂfﬂ””‘!‘“‘ﬂ"" D'E'?' e 0.2.3. Revize Sefs
.| Drivers and e Criticai-o-X of Contradictions
Bariers Contradictions Foatures
{discontents) ) I
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Motivation

Identify the needs for the TE: Prepare the TF Objectives and
ofthe TF ’ Project Plan of the TF
Activities Claiees Project
(Methods and Tools are
suggested, but are not
mandatory)
Ul aCr:::'gr?lt ofthe ( Forecast the A Network of
Manufacturin Problems that the Problems
Process (Mp)g \_MP will face with )
Internal
Outputs (. ) etwork o
(Standard (_,| Envision Evolution )
Evolutionary
Format, L ofthe MP ) Trends
mandatory
( )
- Quantitative Trend Logistic
Extrapolation Regressions
\_ J
Outputs anc )
Decisions
(Standard Reconciliate the Validated
Template, Knowledge about Technolo Prepare the TF FORMAT
mandatory the TF and assess Forecastgy Report TF Report

limits of validity
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Motivation

Identify the needs for the TE:

ofthe TF

Objectives and
Plan of the TF

Prepare the TF
Project

Go/NoGo

< F TRl =—XDYEFE

o E-HBEBLHFINLGERIE?

o TNIEFEERETOCRAD=HIZESERINDIDMI?

0 RESNF=EZEBZZHMFRALGLTHEHI-IIENTETIOIN? > RIT/HLE
SHTFRTOOOMDEE

o ARZEITIHYFIAR L. TLTRERY—XIE?

o 7RV HERICHRBEGEARIL?

o DIATF U, A7 F—LEBELVRLELGHNEEFZREIL?

o B FRTO I DAL BZIL?

o IMAGEALIGEMICEASRNEN? > TODIVMDIRBLEE
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Build a model of the
Current
Manufacturing
Process (MP)

1

Boundary,
Drivers
and Barriers of

Sustainability Level

|| Process 1 HGmanizﬂlionHEnvimmem‘

Hierarchical Level

s 4

Process

Process Technological Alternatives Level

[ Processan ||

Legend
Process level

EED .

Evaluation Parameler

u araving | | EP# (purgle color)
Tocn,

| 1

O and level Product level

Final Product Produat
Eveluation Parameter
MEIEIAET EP8 (bhue aoker}

and

Evaluation Parameter
EPx - (black color)

H#: Becattini N., Cascini G., Nikulin C.: “Modelling the dynamics of products and processes requirements”,
% 13[@ TRIZ Future Conference, /8) (75> X). 20134108298 ~31H
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Forecast the
Problems that the
MP will face with

Problem

=l

Network of
Problems

Sub-Problem 1 Sub-Problem 2 Questions to Experts

Questions to Experts

= s £ ! :
' £ v J

Nikolai Khomenko

New Sub-Problem

Khomenko N., De Guio R., Lelait L., Kaikov 1., 2007, “A framework for OTSM-TRIZ Based Computer Support to be used in
Complex Problem Management”, Int. Journal of Computer Applications in Technology, Vol.30(1-2) / 2007, pp. 88-104.
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etwork o
Evolutionary
Trends

1

Envision Evolution
of the MP

PDG, DG, HSG: Flake

, g Shredding cylinder2 2mm

crushing
@
2
~ - 5
| T2 shreddingylindersamm g
N i g1
g4 Fnecigeom)
: » 2 mecigeom)
| 3 g o e [
Shredding cylinder 40mm
S3- Push Surface S2- Cunmg edges

S1 - Compacted mass

e E Shredding cylinder 8.0mm
S 5 a Shredding eylinder 10.5mm

Compacted
mass >
grains

‘
! |
! |
! |
E | |
Shredding cylinder6.0mm } |
|
! |
I
I
|
I
I
l

Trend:
- Geometric evolution
- Rythm co-ordination
- Mono-bi-poly

CrRecau

Cascini G., Rotini F., Russo D.: “Networks of trends: systematic development of system evolution scenarios”, 8th ETRIA
TRIZ Future Conference, The Netherlands, November 5-7, 2008 - Procedia Engineering, Volume 9, 2011, Pages 355-367
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Population: thousands, millions

1

Logistic
Regressions

Quantitative Trend
Extrapolation

new-to-the-world

e —
z Vol
o /
: /
@
(2]

— c
i)
E

— 5
't oL

= - L E 4
Time: months, quarters, years Time: months, quarters, years
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new market
penetration

P

Population: thousands, millicns

Time: months, quarers, yvears

Hi B8: Dmitry Kucharavy
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Quantitative Trend
Extrapolation

Logistic
Regressions
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200000 50000
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o * 0 5%
=]
00000000 5 O 0 0n
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conventional mills

]j]_,

‘ SAG mill :
Colective flotation
Thickening waste.
——

I Selective flotation

Waste reservoir. A Q
Ill © ©©

Copper concentrate.

© 2013 Gaetano Cascini — gaetano.cascini@polimi.it - I POLITECNICO DI MILANO



—RAR3T 4 FEBTOEX (3

Law of increasing the ideality
(segmentation of objects)

F1))

Law of increasing the ideality
(segmentation of space)

Law of increasing the ideality
(Mono-bi-poli)

Law of increasing the ideality|
(segmentation of surface)

_.I

Law of increasing the ideality
(geometric evolution)

Human machine
interface

Cutting
edge

Boom Piston

=

<3
o
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System tip
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