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Universal Scheme of Evolution — Theory and Practice

By Alexey Zakharov
Alexey.Zakharov@Gen3partners.com

The transdisciplinary unification within the sciences can most
fruitfully take evolution as the basic concept. The theory will
describe the various phases and facets of the evolutionary process
with invariant general laws. The laws will enable investigators to
describe the behavior and evolution of quanta, and of the atoms,
molecules, cells, organisms, and systems of organisms that evolve
from quanta, in reference to a self-consistent unified scheme.

Laszo, Ervin. The Foundations of Transdisciplinary United
Theory.!

Abstract

A Universd Scheme of Evolution is presented, and explained by numerous examples of systems.
A Universd Scheme of Evolution is based on the universd Trends of Evolution, reveded in
TRIZ.

1 http://www.cyber.org.ru/ft/formteche.htm




Part |. Basis for Universal Scheme of Evolution

The TRIZ crigsindicators:

1. Growing theory's (growth of number of dements) complexity a the absence of generdly
accepted structure.

Fedd Methods
PreTRIZ Trids and Errors Method
Methods of Crestivity Activation
Technologica | 40 Principles
ARIZ

Substance-Field Analyss and Standard Solutions

Effects (physica, chemicd, geometricd, biologicd, etc.)

Petterns (laws, trends) of Evolution - TESE

Non Theory of Cregtive Person Development, Life Strategy of Crestive
Technologicd Person

Theory of Crestive Team Devel opment

Education and Pedagogics

Science

Management

Etc.

N — o -

2. Thedaitigueof exiging TESE lig

2.1. The wdl-known and escdating number of facts about red sysems evolution tha are
presented in TRIZ in no way:

Survivd and nontsurviva (i.e. death) of systems are the most fundamenta phenomena If
to consider definition of the law,? this definition concerns to a survivdl and non-surviva
of sysemsfirg of al.
Methods of genetic dgorithm and evolutionary programming. Today numerous users of
evolutionary gpproaches devdop huge amount of systems practicdly in any fidd of
science and technology.

2.2. Some trends are excluded out of list
Trend of Increesng Elimination of Sysem Components (Trimming). In redity it's a
formulation of Trend of Increesng Dynamicity by means the reduction of number of
inaufficient dements of System with god to increase the System vaue.

2 The Law (or Trend) is the necessary, essential, steady, repetitive relation between the phenomena in nature and
society.
3 These two trends are of secondary nature.



Trend of Increesng Efficiency of Subgstance, Energy, and Information Hows. It's a
formulation of Trend of Increesing Idedity by means of Trend of Increesng Dynamicity
of flows

2.3. The lig is regtructured. Increasing Coordination of the System is only possble by means of

5.

Increesing Dynamicity of the System, and Increesng Dynamicity of the System is possble
by means of Trandtion to the Micro Leved, or Elimination of Human Involvement, or
Increasing (Decreasing) number of System Components

Divergences in_approaches. TRIZ theorigs and practitioners have huge amount of different
looks onto theory structure and projects roadmaps.

The anadyss of huge amount of documents (1995 - 2003), which reflect red activity of
gysems development, has shown full absence of a generdity of gpproaches. there are
different sets of theory dements, different and congtantly varying order of eements in lids,
absence of hierarchy or infringement of hierarchy in lists*

Absence of unified terminology: there are sill no common terms for basic € ements of theory

Growth of criticism TRIZ from the developers, teachers, and TRIZ-community

5.1. Kozhevnikova L. The review of questionnaires of members "TRIZ-FORUM"®

.. TRIZ now is out of development rise. The certain recesson is observed. It is visble
through quantity and qudity of new publications through the quantity of inquiries from
TRIZ Fund Materids that has congderably decreased; attenuation of interest to TRIZ on the
pat of teachers is observed, and it is after rough rise in the beginning of the nineties; TRIZ
centersin different cities do not work. TRIZ-movement in many respects haslost its unity.

5.2. Korolev V. The andysis of a problem “Introduction TRIZ into Pedagogics™®

At lagt it was offered to use the TRIZ itsdf for the solution of TRIZ problems. But there was
the only bad fact that the problem was stated indistinctly.

The doubt is caused by the declared drategy of TRIZ pogtioning as the “norma science’
As means of achievement of this purpose rather trivid inventions such as paticipaion in
conferences and so forth are assumed.

5.3. Petrov V. The Future of the TRIZ.”

The different parts TRIZ duplicate each other and there is no unambiguity in use of TRIZ
tools.

5.4. Toru Nakagawa, et a. Reorganizing TRIZ Solution Generation Methods. ..

4 http://www.intelli gi neeri ng.com/speaking/courses/creativity/knfind/sl d041.htr
http://www.insytec.com/Image669.qif; http://www.triz-journal .com/archives/2002/03/a/0la.pdf;

http://www.trizconsulting.com/Flow_99-web.qif;

S http://matriz.karelia.ru/conf/tezissk/ankety.htm
® http://matriz.karelia.ru/conf/tezissk/kor-div.htm
7 http://matriz.karelia.ru/conf/tezis5k/pet-fut.htm
8 http://www.triz-journal .com/archives/2003/01/f/index.htm




As a methodology TRIZ offers a large number of techniques and principles. they include 40
Principles of Invention, 76 Standards of Inventive Solutions, Trends of Evolution of
Technologicd Systems, Separation Principle, etc. This shows the richness and outstanding
grengthin TRIZ.

However, such a huge body of methods and knowledge bases is not easy to understand and
even confudng for learners of TRIZ. Thus unfortunately, the penetration of the Russan
born TRIZ into the West since 1990s has been much dower than being anticipated by TRIZ
enthusasts.

5.5. Robert Orlean. More commentson “If TRIZ isso good...”®

The reason why TRIZ is hard to sl is that you are sdling TRIZ. The grim redity of the
business world is that we measure success in financiad terms, not in terms of how clever our
innovation is. Therefore, focusng on a methodology (however clever or potent) is irrdevant
to the scorekeeping of complete relevance is the business result that TRIZ deliver.

5.6. Dardl Man. TRIZ For Everyone (Even Those Who Don't Want To Spend A Year
Learning 1t)*°
... thinking about he spread and use of TRIZ. We can bludgeon people until they submit, or
we can recognize that everyone is different, learns in different ways and wants different
things. We can force them to do it our way, or dlow them sufficient dack to adapt TRIZ (and
indeed other tools, methods, and philosophies) to suit their particular differences. One is
more likely to succeed than the other. Oneis harder work than the other.

5.7. James Kowalick. Problem Solving Systems: What's Next after TRIZ?:

The use of ARIZ is highly effective. But if ARIZ is to be judged by the same criteria with
which we judge other technica procedures, it has to be stated "ARIZ is a very complex
system that is not easy to learn in ardatively short time.”

. the vary "best" systems are not overly complex, nor are they overly difficult and time-
consuming to learn. In this sense, they are "degant” systems. The response to this chdlenge
must be "smplify the system,” and that's precisdy what TRIZ developers and ingdructors
have been doing over the past several decades.

Believing that the trends of Engineering System Evolution is the basis of theory, there is
need to present clearly the links between separate trends, to demonstrate the trends wide
digtribution throughout the all TRIZ tools.

The s0lid system of Trends of Engineering System Evolution (TESE) will dlow:
« Toforecast the development of theory itsdlf,
To make the TESE use more congstent

To make the teaching of TRIZ methodology more uniform: up for today the trends
hierarchy and even the set of trendsis arbitrary

9 http://www.triz-journal .com/archives/2002/06/alindex.htm
10 http://www.triz-journal .com/archives/2002/01/ e/index.htm
1 http://www.triz-j ournal .com/archives/1999/03/b/index.htm




Universal Scheme of Evolution

With the help of numerous examples of sysems development, on the base of wdl-known TRIZ
trends of evolution, a Universd Scheme of Evolution was developed. USE dlows seeing even
the method of trids-and-error; the TRIZ tools itsdlf in the absolutely new light.

USE will hdp to summarize TRIZ community efforts, can to become the bass for accderated
TRIZ development.

The atide “A Universd Scheme of Evolution” was published under title “The Uniform Scheme
of Evolution.” in The Second Annua Al TRIZ Conference Proceedings TRIZCon 2000, p. 183;

April 30— May 2, 2000. Nashua, New Hampshire.

Universal Scheme of Evolution (General Cycle)
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Box 1. Decreased Viability of System

It means the identification of a problem in the andyzed System that decreasss its viability. From
our point of view it expresses our uncertainty if the System will survivein afuture or not.

Box 1 corresponds to formulation of Altshuller administrative contradiction: “It does need to do
something to change (and save) System, but it is unknown what has to be done.”

Box 2. Decreased Value of System

It means the reveding of System's decreased vaue, where the vaue is the ratio of Sysem's
useful and harmful functions,

After Systent’ s value evaluation we can go along two different ways:

Box 3. Creation of New System

If the Sysgem with necessary functions does not exig a dl, or if the andyzed exiding System
does't have resources for needed changes, i.e. for needed improvement.

Box 3 corresponds with the Trend of Increasing Completeness:
Presence of necessary components (elements and links)
Minima functiondity of components (dements and links).

Box 4. Development of Existing System
If the analyzed existing System has resources for needed changes, i.e. for needed improvement.

Box 5. Combining Systems

As a rule one uses this way when a least one of two Systems doesn't have resources for
improvement. By thisway we reved the opportunities of combining Systems.

Combining Sysems may be the smilar; with a difference in the same characteridics, including
dternative Sysems, different Systems at dl; System and anti- System.

The number of combined Systems: bi- Systems, poly-Systems.

Then it is naturd trangtion from the box 5 to the box 3 because new System with the new sysem
qudity is created. Having satisfied the Trend of Increasng Sysem Completeness this new
System begins a new cycle of development as exigting one. It is shown by trangtion from box 3
to box 4.

Boxes from 1 to 5 show one complete cycle of existing System development, or System creation
and subsequent devel opment. Boxes from 11 to 13 show the result of this development.

Boxes from 6 to 8 show the detailed mechanism of System development. Boxes from 6 to 8 may
be hidden into box 4, and boxes from 9 to 10 - into box 11.



Universal Scheme of Evolution (Detailed Cycle)

Increasing

1. Decreased Viability 13. Increased
Viability of Viability of
System System
Trend of
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Effects Effects
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Combining Internal Harmful Internal Harmful

Effects

" Effects

Trend of Transition to
the Supersystem

Trend of Increasing
Coordination

Box 6. Revealing of External Har mful Effects (undesirable effects)
Search of externd harmful effects between System’ s components (elements and/or links) and

Supersystem.

The qolitting of the st of harmful effects into external and internd subsets is very important. In
search of externd harmful effects before internd ones the Trend of Uneven Development of
System Parts'? is displayed.

Box 7. Revealing of Internal Har mful Effects (undesirable effects)

Search of internd harmful effects between System’ s components (elements and/or links).

2. 0r Trend of System’ Tool Development



Box 8. Madification of System Components (elements and links)
Box 8 corresponds with the Trend of Increasing Dynamicity, which is redlized by:

The quantitative and/or quditative changes of dements and/or links -- trandtion from
rigid dements to dements with hinges and eadic, trangtion from Macro- to microlevd,
by dimination of human involvement
Changes of System properties - rdiability, maintainability, productivity, and etc.
Changes of tempora processes in the System -- trandtion to periodic, pulsation, resonant,
and smilar processes; trangtion to properties with atime gradient.
Spatid changes in the System -- trangtion to properties, for example, weight, dengty,
temperature, conductivity, to chemical properties with aspatial gradient.
Mentioned changes of System components may be performed with contradiction gppearance and
its solution, or without contradiction.

Box 9. Elimination of External Har mful Effects (undesirable effects)

Statement that the externd harmful effects had disgppeared, or these harmful effects had lost
their importance, or these harmful effects action has become not rather critical.

Box 10. Elimination of Internal Har mful Effects (undesirable effects)

Statement that the internal harmful effects had disgppeared, or these harmful effects had lost
their importance, or these harmful effects action has become not rather critical.

The passes from Box 6 to Box 9, and from Box 7 to Box 10 correspond to the Trend of Increasing
Coordination.

Box 11. Improvement of the Existing System
Statement that the System is developed as awhole.

Box 12. Increased value of System
Statement that the System’ s value is increased.
The pass from Box 2 to Box 12 corresponds to the Trend of Increasing Ideality.

Box 13. Increased Viability of System
Statement that the System viability isincreased.
The pass from Box 1 to Box 13 corresponds to the Trend of Increasing Viability.

As a reault of one development cycle the Sysem gets advantages in reation to norrmodified
Sysems or Sysgems with lower vaue the developed System is being used further, i.e its
survives on the market.



Conclusion for Part |

How do new kinds of animals spring up? 13 Because of action of various mutagen factors new
attributes appear. In the huge mgjority of cases, they are usdess or even harmful. Moreover, very
rae the atribute is useful for organism. Natural sdection regects individuals with
unsuccessful new attributes and promotes preservation and distribution of individuals with
useful attributes.

The traditiona mechanism of work on the inventive problems is the same. Inventors without
knowledge about trends of engineering systems development, generate - mentdly or in metd — a
number of various variants of the decison.’* Only those " mutations' is viable which act in a
direction of objectively existing trends of engineering systems development.'®

The Nature does not have consciousness, does not have intellect: results of "mutations’ are not
dudied; druggle for increese of “interest of successful mutations' is not conducted. In
technology there is an opportunity to save up experience of "mutaions’, to invedigeae it, to
reved "rules of successful mutation”, which reflect the objective trends of engineering systems
development. It will dlow carying out "mutation® knowingly: the fird suggested variant should
be the best.

Criteriafor the sdlection of theoriest®

It is better if its gpohere of gpplication is broader and if it can make more predictions. Thus, the
criterion of the generality and predictive power of a theory is the primary one for comparing
theories. A second criterion is smplicity; because theories are models intended for use by people
they are obvioudy better when they are Smpler to use.

If we investigate which theories have actudly been preferred because of their smplicity, we find
that the decisve reason for acceptance has been neither economic nor esthetic, but rather what
has often been cdled "dynamic." This means that the theory was preferred that proved to
make science more " dynamic,” i.e,, morefit to expand into unknown territory.

The esthetic criterion or the criterion of the beauty of a theory ... is difficult to defend as one
independent of other criteria. However, it becomes very important as an intuitive synthesis of dl
the above-mentioned criteria To a stentis a theory seems beautiful if it is sufficiently generd
and smple and he fedsthat it will prove to be dynamic.

13 G.Altshuller. To find the idea. Introduction to TRIZ. The 2th Edition, Novosibirsk, Publishing House «Science»,
Siberia Branch, 1991, p. 55, Ch. 4. The Formulaof Victory

14 Please back to this phrase after description scheme for Trial-and-error method in the next part of article.

15 Do you still remember Universal Scheme of Evolution?

18 The Phenomenon Of Science. A cybernetic approach to human evolution. By Valentin F. Turchin. Ch. 13. Science
and Metascience. http://pespmcl.vub.ac.be/PoS/Turchapl3.html#Heading5



Part Il. Fields of USE approach
M ethodology

Firg, the USE goproach dlows a new looks onto methodology of sysems investigation and
modifying. This methodology is a core of everything, because the mankind over its history only
cregtes, investigates, and modifies the myriads different sysems, nothing more.

The higoricdly firg method of sysem crediion, invedtigation, and modification is Trid-and-
Error Method (TEM). Let us see, how this TEM correlates with Universa Scheme of Evolution.

Universal Scheme of Evolution and Trial-and-Error Method

Viability

1. Decr eased 13. Increased
Viability of Viability of
System System

8. System Components .
(elements & links) | :
Changing :

_____________________________________________________________
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Practicdly in Trid-and-Error Method only 3 boxes of Universal Scheme of Evolution remain.

Box 1. The Sysem that is threatened by “mortd” danger if the solution to change System
will not be found in reasonable time and reasonable expenses.

Box 8. Variants of Systemn development (modification) to save System
Box 13. The saved modified System.

It is absolutely corrdaes with the problem solving by means of Trid-and-Error Method, when
the different posshble configurations are generated, after a test of ther "fitness’, the good ones
are retained, and the bad ones or "errors’ are diminated.’

Trid and error method has a number of negetive features.

Trid and error makes no attempt to discover why a solution works, merely that it is a
solution

Trid and error makes no attempt to generalize a solution to other problems
Trid and error is an attempt to find a solution, not al solutions, and not the best solution

It was shown that with TESE System approach to norrdgorithmic methods of credivity the
activation methods use the logic of TESE System, a leadt, the origin problem in the formulation
“We need to do something” and the find one “We will do that”. The hereticd concluson was
made — al methods of systems transformation have the same nature and logic!

Crestivity Activation Methods (Brainstorming, Morphologica Analyss, Synectics, €tc.).
Not far from Trid-and-Error Method the creativity activation methods as Brainstorming,
Morphologica Analys's, Synectics, €ic., exis.
Some differences between TEM and these methods are as follows:
More systematic procedure (Session)
Theimagingion agjtation
The leading questions, €tc.

In spite of some podtive festures, the maiter of these methods remains the same — the
psychology, and not the objective trends of sysems evolution. Because of nonprincipa
difference with TEM the same 3 boxes of USE describe these methods.

TRIZ

On the base of TESE System, the unity of TRIZ tools is shown:
Altshuller matrix (The Table of principles to solve engineering contradictions)
System of standard solutions (Su-Feds System) to solve inventive problems
Algorithm of Inventive Problem Solving

Y The trial-and-error method. Principia Cybernetica Web. http://pespmcl.vub.ac.be/ TRIALERR.html
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Altshuller Matrix

The comparison of Universd Scheme of Evolution and Altshuller Matrix shows tha the use of it
is the analyss d Engineering System (ES) in accordance to Trends of Evolution but only in non
direct form.

The procedure of Altshuller Matrix useis asfollows:

In verticd column of Altshuller Matrix is chosen the parameter that ought to be
changed (improving fegture);

In horizontd row of Altshuller Mairix is chosen the inadmissbly changing
parameter (worsening parameter) because of the first parameter changing;

At the intersection of verticd column and horizonta row is placed the box with
inventive principles, which are recommended for resolution of revealed contradiction.

Why does it need to change parameter? The parameter is being changed if and only if, when the
undesirable effect between ES and its supersystem, or insde ES, appears. It means that the
externa or internd discoordination (undesirable, harmful effect) is being found.

To diminate the discoordination it is need to change some dement or link in ES. It is important
to emphasze the wide meaning of dement or link change, i.e the dynamization of ES
component. The dynamization is the increase of posshility of Engineering System for purposeful
(god directed) changes, which provide the better adaptation to changing environment, to
condiitions of functioning.*®

If there are no obstacles to component change (dynamization), it means the absence of inventive
problem a al. However, if in case of necessary change of component the undesirable (harmful)
effect arises, it is qudified as the contradictive Stuation. We resolve the contradiction by use of
the recommended principlesin Altshuller Matrix.

Anyway, having changed the ES component, i.e. having removed an extend or internd
discoordination, we get the advanced (coordinated) ES. It means increase of ES idedity, and in
itsturn, increase of ES viahility.

18 B.Zlotin and A.Zusman. Solution of Research Problems. Kishinev, "Kartya Moldavenyaske” Publishing House,
"Progress’ R&D Center, 1991, p. 50.
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Standards

The exiging Standards Set is compared with Universd Scheme of Evolution. At the highest
hierarchica level, the Standards Set was not changed; the structure of Sub-Sets was developed to

a certain extent in accordance with USE logics.

The Sub-Set «Creation and Didraction of Su-Fedd Sysems» directly fits Box 2 «New System

Cregtion» of the Universd Scheme of Evolution.

There is the suggestion: to divide Sub-Set 3 «Trandtion to Supersystem and to microlevel» in 2
parts and redistribute these parts between boxes 5 «Trangtion to Supersystem» and 8 «System

Components Changing.

Universal Scheme of Evolution and Standards Set

Trend of Increasing
Viahility

1. Decreased
Viability of System

Trend of Increasing
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Algorithm of Inventive Problem Solving (ARIZ)

Boxes “Decreased Viability of Sysem” and “Decreased Vaue of Sysem” are aisent in ARIZ.
The fact of the ARIZ use, which is a method of andyss and development of initid system,
means, tha this sysem should be improved. Formdly, the estimation of idedity of the origind
sysem is parformed a the information stage of Vadue and Engineering Andysis (VEA).

Boxes “Cregtion of New Sysem” and “Development of Exising System” corrdate with two
directions in ARIZ: trangtion to new desgn (maxi-problem solving) and trangtion to
development of exiging system (mini-problem solving).

Boxes “Reveding of Externd Hamful Effects’ and “Reveding of Internd Harmful Effects’
corrdlate with two steps in ARIZ: reveling of operationad zone (step 2.1.) and operationd time
(step 2.2)) of conflict.

Box 8 “Sysem Components (dements & links) Changing” correlates with Parts 4 and 5 of
ARIZ.

Both USE (Box 5, sub-box 5.1) and TRIZ (Part 6, step 6.4.) suggest the decison when the
andyzed system does not have resources to perform required function. In this Stuation, it needs
to combine the andyzed sysem with another one, which can peform the mentioned function
with the help of resource of the latter.

Both USE (Box 5, sub-box 5.2) and TRIZ (Part 6, step 6.2.) suggest the decison when the

andyzed system is the combinaion of two Engineering Sysems. In this stuation, it needs to
choose only one ES, and go through the USE again.

Redly, the ARIZ is the process of step-by-step processing of inventive problems, where the
trends of engineering system evolution are included into structure of this process, or act like
goecific working tool. Therefore, the correct solution by means of ARIZ it's a directed
devel opment the engineering system in accordance of with trends of evolution.*®

19 Altshuller G. Creativity as an Exact Science., Gordon & Breach Science Publishers, 1979, p. 36

14
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Universal Scheme of Evolution and ARIZ
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Diversity of application spheres

————————————————————————————————— . Scheme of Science Evolution
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Any naturd science theory is the Engineering System, which is carying out the function: to
trandate one kind of knowledge about any red objects into another kind of knowledge®® On the
base of such Altshuller vison and with the hep of “The Structure of Scientific Revolution” book
by T.Kuhn, the hypothess is suggested and proved: a Universd Scheme of System Evolution
properly describes the evolution of science (theory or paradigm).

20 Altshuller G. and Filkovsky G. The state-of-the-art of TRIZ. Baku, 1976 http:/www.trizminsk.org/h/5300700.htm
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Gendic Algorithm, Evolutionary Programming and Artificid Intdligence

The deveoped Universd Scheme of Evolution in its dructure is amilar to well-known Genetic
Algorithm gpproach. The entire research aea of Genetic Algorithms, as wdl as that of
Evolutionary Programming, was inspired by Dawin's theory of naurd sdection and surviva of
the fittet. Genetic agorithms ae problemsolving programs that solve problems through
processes such as reproduction, mutation, and natural sdlection of solutions.

A Universal Scheme of Evolution is developed on the base of trends of Enginegring Systems
evolution. From this point, their incredible smilarity grows.

1

1

13

1

p

dptipbink

Mutation in a Universa Scheme of Evolution

Boxes 1 and 2 — system with low viability and low value

Box 4 — choose of direction of evolution — the development
of existing system

Boxes 6 and 7 — the analysis of system to generate
chromosome of system

Box 8 — the changing of chromosome by means of mutation
Boxes 11, 12 and 13 - getting the most perfect
chromosome, i.e. the most ideal chromosome, i.e. the most
viable one

13ab

1

12ab

11ab

11ba

%

12ba

13ba

Crossover in aUniversal Scheme of Evolution
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The automated problem-solving technique of genetic programming has generated a least 36
human-competitive results (21 involving previoudy patented inventions). It aso covers two
automaticaly syntheszed controllers for which the authors have gpplied for a paent and
includes examples of an automaticaly syntheszed antenna, classfier program, and mahematica
dgorithm. As computer time becomes ever more inexpensve, researchers will gart routindy use
genetic programming to produce useful new designs, generate patentable new inventions, and
engineer around existing patents

If assume tha the intdligence is the ability of program to reflect the trends of surrounded world,
and to use this knowledge to gain sysem's gods, then in case when the program actively
interacts with its environment, it has the dements of intelligence, and acts in accordance with
USE dgorithm.

21 Koza John at al. What's Al Done for Me Lately? Genetic Programming Human-Competitive Results. Intelligent
System Magazine, pp. 25-31. http://csdl.computer.org/comp/mags/ex/2003/03/x3025abs.htm

18



Music

The Bedtles phenomenon is the example of muscians band evolution. It is the especidly
interesting example, because the evolution is continuing more than 30 years after bresk-up!

Scheme of The Beatles Evolution

Increasing

1. Decreased Viability 13. Increased
Viability of Viability of
The Beatles The Beatles
Trend of
WRA
2. Decreased 6. Revealing of 9. Elimination of 12. Increased
Value of External Harmful External Harmful Value of
The Beatles Effects Effects The Beatles
Trend of Trend of
Uneven Increasing
Development Coordination
3. Creation of 4. Development of 8. The Beatles 11. Developed
New The Beatles |—p Existing Components (elements Existing
The Beatles & links) Changing The Beatles
Trend of Increasin Trend of Increasing
Completeness Dynamicity
5. The Beatles' 7. Revealing of 10. Elimination of
Combining Internal Harmful Internal Harmful
Effects — Effects

Trend of Transition
to the Supersystem

Trend of Increasing

The Besgtles were changing congantly:
«  Songs themes — from “dlly love songs’ to londiness and fear fedings to human life and

society gods

Coordination

«  Mudgc forms— from primitive rock-n-roll to symphony

« Musc roots (place and time) — from European tradition to Indian sound; from modern
tunes to the past centuries baroque melodies
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Band dructure and functions — from singer and backing group to polyphony of voices and
ingruments
Recording technique — from some takes on 2-4 tapes recorder to multiple tapes, loops and
back record, specia effects, feedback, fade-ins, chaotic tape montage
Song composing process — from 2 sep process “composing - record” to composing
during the record session
L P conception — from set of separate songs to integrd musica conception
It needs to emphasize, that dl these changes®® were not the answers on moods and wishes of
ligeners. The Bedtles were changing dl these fidds beforehand, surpassng the gpiritud

demands, even not formed yet. The group did not survive in the ordinary sense; they were
preventing the fal of auditorium interest. ..

22 Not all of them are presented here!
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Part 111. USE Software

Editor’snote: This software is not available-the author usesit for testing the USE. We have
included it in the article because it demonstrates the USE method. Please do not request the
software from the TRIZ Journal or from the author.

A computer software system is developed for presentation of Universal Scheme of Evolution in
gpplication to specific system, which evolution software user needs to investigate.

The software's purposes are:
To show by means of sf-conggtent unified scheme the universality of evolution of any
system — from aoms and molecules up to cels, organisms (sysems of organisms), from
enginegring sydems and nortenginegring ones — science, society and  civilization, art,
religion, and etc.
To give an opportunity to software user to reved in hisher unigue system:
0 The cause of low system’s survivability because of the low system’s idedlity, i.e. the
low ratio «system’ s utility / cogts of utilitys;
0 The universal stages of sysem evolution — birth and low development dage, fast
development stage, maturity stage, stage of declination and desth;

To deliver to the software user the specific directions and methods of system’s development
(new system credtion or/fand current sysem development), which are coordinated with stages
of sysem evolution and with vaue of retio «system’ s utility / cogts of utility».

Universd Scheme of Evolution software gives opportunities:
Presenting unity of different types of sysems;
Presenting the invariance of methods of invedtigating and changing of sysem of different
natures,
Compare dasscd lig of TESE and Trends in Universal Scheme of Evolution;
Reveding the dage of life on S-Curve diagram, and the most adequate direction of system
development in the specific sage;
To fulfill the sructura analysis of the system;
Finding and andyzing the hamful (nondesirable) effects, developing “cause-and-effect”
pars of hamful (nondesrable) effects, developing the “cause-and-effect” network of

hamful (non-degrable) effects for entire sysem. The goa of “cause-and-effect” network
development isthe reveding of key harmful (non-desirable) effect(s);

Choosng the direction of deveopment to diminate revedled key harmful (non-desirable)
effect(s).
Let's invedtigate like an example the evolution of TRIZ Effects Collection. It's interesting from
two points of view:
It would be one more test for Universa Scheme of Evolution logic, and
The possble useful forecadt for “TRIZ Effects Collection”
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Screen * Situation Description”
uation Descri =1=] x|

Universal Scheme of Evolution |

The initial description of the situation Report |

T he prablem is the further development of TRIZ Effects Collection that are widely used. How to find a new directions (roads. trends) far TRIZ
Effects Collection development?

The main components

. TRIZ Effects Collection
System (subject)

informs

Function Check the accuracy of description

User

Product (object)

rModel of Situation

TRIZ Effects Collection ‘ User

acts . iz being changed
informs
The presence of problems means the ;‘ The decrease of viability is possible to ;‘ The general directions and stages of possible ;‘
decrease of TRIZ Effects Collection’s evaluate by the reduction of TRIZ Effects TRIZ Effects Collection changes are
attraction for the user. [n other wards, in users Collection walue (ideality]; the TRIZ Effects represented on Universal Scheme of
eves the TRIZ Elfects Collection loses its Collection vahse is the magnitude of relation of Evolution.
viability TRIZ Effects Collection usebul functions ko
harmiul ones.

El El El

Screen “Universd Scheme of Evolution”
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&, Universal Scheme of Evolution 1= x]|

Tils Pags ¢ Situation Description

Tao 5-Curve Analpsis
Show the TRIZ Trends Universal Scheme of Evolution

Report
|dentification of problem that =

decreases System viabiliy. It

expresses our uncertainty that Decreased Viabilty of Revealing of System = Increased Yiahilty of
System will survive in a future. j System Extemnal/ntemal Hamful System
i Effects by means of

analyses of components,
links, functions, flows,
evolution, etc.
Fevealing of decreased value = ;I
of System, i the lov ratio of
Spstem's useful to hammful Diecreased Yalue of Revealing of Spstem E sternal
functions =l System Harmful Effects

Elimination of Systern Esternal
Harmful Effects

If System with necessary +
functions does not exist or
existing Sustem doesn't have
rezouices for improvement. =l
gf‘salzg;n[glumpunenls | Developed Existing System
when ohe of two Systems - If System has resources for <
doesn't have resourses. development
Combined Systems may be the
same; of with difference in one ;I
and the same characteristic: or

different Systems: or System
and anti-System

|noreased Value of System

Creation of Mew System q g:s\{:\nzpmsnl of Existing

Revealing of Syster Interral

Elirnitation of System [nternal
Harrnful Effects

Hairful Effects

Trends of Effects use, = I

Ewalution of Your Sustem I _‘i
Trends of System properties =

General Yiew I changes. =
Trends of System changes [~

in Substance, Space, and _vi

Cambining of Systems

El

Copyright 2003 Alex Zakharov
All Rights Reserved

Here dl possble directions of evolution for sysems of any type (naturd, socid, productive,
technical, scientific, etc.) are presented.

The specific system can be developed as a new one, or as an existent one, or it will be rejected by
the more successful system.

Investigation of Systemn Evolution 4020

Enter name of aystern which evalution pou need to
investigate

|TRIZ Effects Collection

Screen “TRIZ Effects Collection Evolution” shows dl evolution possibilities
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&, Universal Scheme of Evolution = 18] %]

Title Page # Situation Description

Ta 5-Curve Analysiz
Shaw the TRIZ Trends | Scheme of TRIZ Effects Collection Evolution
Feport

|dentification of problem that ﬂ

decreases TRIZ Effects

Collection viability. |t expresses Decreased Viability of Revealing of TRIZ Effects  « |ncteased Viability of TRIZ
our uncertainty that TRIZ j TEIZ Effects Collection Collection External/Intemal Effects Colleclion
|l e Harmful Effects by means

of analyses of components,
links, functions, flows,

evolution, etc

Fevealing of decieased value | ;I
of TRIZ Effects Collection, i.e. s

. i Rewvesling of TRIZ Effects Elimination of TRIZ Effects
the low ratio of TRIZ Effects  _1  Decreased Value of TRIZ : : Increased ¥ alue of TRIZ
Elaten s st o Rararl ;I Effasts Collaction Eﬁiict::m External Hamful Eﬁiict:ilon External Harmful Effects Callectiri
TRIZ Effects Collection with |
neceszary functions does not
exist or existing TRIZ Effects  _|
Callection doesn't have LI

TRIZ Effects Callection
Components Changing

Developed Existing TRIZ
Effects Collection

Creation of New TRIZ 5 Development of Existing TRIZ
q Effects Collection

Effects Collection

when one of two TRIZ Effects TRIZ Effects Collection has «

Collections doesn't have TE30UICES \ / \ /

resources. Combined TRIZ
Effects Collections may be the
zame: of with difference in one
‘Revealing of TRIZ Effects

and the same characteristic; or
different TRIZ Effects

Callection Internal Harmful
Effects

Elimination of TRIZ Effects
Collection Intemal Harmful
Effects

Collections; or TRIZ Effects Cambining of TRIZ Effzcts

Colectonand sniTRE | aed el

Trends of Effects use in =
TRIZ Effects Collection |

= Changes of TRIZ Effects =

General View Caollection properties _-i
Changes of TRIZ Effects  *

Callection in Substance, = |

Copyright 2003 Alex Zakharov
All Rights Reserved

To choose the specific direction of evolution it's need to find the stage of Life Circle of TRIZ
Effects Collection

Investigation of System Evolution 4020

Enter name of systery which Life Cycle stage pou need
to reveal

|TRIZ Effects Collaction
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Screen “S-Curve of TRIZ Effects Collection”

s, 5-Curve Analysis

Screen “ Structurd and Function Anayss’
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. System/Supersystem Structure Development & x|

S-Curve Analysiz

Cause 'n 'Effect Chain Analysis |
Report |

Enter Element Name Element 1 Function Element 2
Add | User 2 uzed Effect &

Effect &

Effects Collection

User 1 Delete

Clear | .
== Enter Elements inta SystemdSupersystem

Structure if they interact

Effects Collection

User1
User2
Elements® Pairs to Develop
Systemf{Supersystem Structure
Number of Elements 4
Effects Collection informs User 2 Delete Pai

= Uszer 1 develops Effects Collection Slee Lan

Number of Elements’ Pairs 12 User 2 uses Effect &

Copyright 2003 Alex Zakharoy
All Rights Reserved

This screen heps to develop sructurad and functiond modes of the system that is under

invesigation. The result in form of dements pars lig is transferred to “Cause-and-Effect Chain
Development” screen.
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Screen “ Cause-and- Effect Chain Development™?®
sl

Elements' Interactions Existing System Analysis

User 1 develops Effects Collection cl System Completenass I
Effe ioh informs User 2 b |

Components £ System Change

Report

Enter Harmful Effect Effect 1 Effect 2
I Add | . .

User 2 uses Effect & Subijectivity of User mind

Uzer 1 develops Effects Collection

36 s Effect &
Impossibility to cover all Effects by User mind Delate | Deleting Effect 1: User 2 uses Effect &, deletes Effect 2: I
Subjectivity of User mind Subjectivity of User mind

Clear | X
- i Enter Effects inlo Deleting Effect 2: Subjectivity of Uzer mind . deletes Effect
Uszer 1 develops Effects Collection farmulas 1 User 2 uses Effect &
User 2 uses Effect &

|mpossibility bo cover all Effects bu User mind
:Subiectvity of User mind

Meither Effect 1; User 2 uses Effect & nor Effect 22 T
Subjectivity of User mind | deletes one another

Effects' Pairs to Develop
Cause-and-Effect Chain

4
Number of Effects’ Pairs I 6 [Effect Impassibility to cover all Effects by User mind causes Effect: User 1 develops Effe Delete Pair |

Number of Harmful Effects

Cause-and Effect Chain Fesult

Effect Subjectivity of User mind  causzes Effect: User 2 uses Effect &
Hints for Harmful Effects Search

1. Harmful effects concerned with System elements
2. Harmful effects concerned with interaction between Spstem
elements

3. Harmful effects concerned with flows between Syztem
elements

4_ Harmful effects concerned with interactions
between System and Supersgstem elements.
especially between System's Working Tool and
Product

5. Harmful effects concerned with flows between System and
Supersystem elements

The root harmful Effect is Limits and subjactivity of User mind

The system's element linked with the root harmful Effect is User mind

E. Additional harmful effects which must be gliminated

Copyright 2003 Alex Zakharow
All Rights Reserved

The man non-dedrable effect is use of Ussr mind. Rules of box # 8 of Universd Scheme of
Evolution require:

« Himindion of reveded key harmful (non-desrable) effect — the humen dimination out of
system

«  Searching and incluson the new effects into Effects Collection without human engaging

«  The solving problem (design, components, function) controls by Effects Collection

The revealed portrait of solution leads to concept of on-line Effects Collection that includes:

« The searching machine that surf through Internet to find and collect information about
Effects (in scientific publication, patents, etc.)

«  The programmed Scheme of evolution.

The more possibilities of programmable USE:

» In case of impossible development because of appeared contradiction, there is an opportunity
to use the Table to choose principles of engineering contradiction resolution (Altshuller
matrix);?*

2 A.Pinaev's approach: the comparison of pair of undesirable effects to choose what is the cause, and what is the
effect isused at " Cause-and-effect chain" development.
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Deveoping the datement for every link of the chan «need - function - principle of
operation - design», and test the logic of every such statement;

Developing the structure of system, and to test system in accordance with completeness
demand, to andyze the internd and external connections to find the harmful (non-desirable)
effects,

Presenting and andyze sysems combining.
Automated report generating

The making of operable USE software is another one argument, that in TRIZ was discovered the
essential core, the universa structure, which truly reflects the evolution of any system.

Conclusions

From the start of USE development, the god was formulated as «To design the logic scheme of
Trends of Evolution that were wdl-known in TRIZ.»

Thisinitid problem is solved. However, the additional results were ensued:
The more deeper understanding of TRIZ matter as generd, and its structure and eements
particularly
The further possibility of TRIZ gpproach

The possbility to find the universd language between specidids of very different fidds of
knowledge

The possbility to develop TRIZ education
« Andsoon,and soon, and soon...
Now only the borders of knowledge about systems we want to investigate, is limit.

Alex Zakharov
May 10, 2004
Boston, Massachusetts, USA

24 In Altshuller matrix there is a possibility to put the name of the analyzed system into general satements that
makes arecommendation more specific.
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