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Preface

We enjoy automation of more and more human activities. Automation enters the

domain of analytical efforts: more and more elements of knowledge mining are

turned into algorithms, for example, elements of modeling, optimization, informa-

tion search and processing, etc. What has been an art becomes a standard routine, an

algorithm realized in a software. But one fortress seems to stay bold and indepen-

dent: it is still unclear how a new idea or new paradigm can be generated as the

result of an algorithm. If it were possible, the conceptual design or invention could

have been a controllable and predictable process. Computers could have generated

new knowledge, new ideas, submit new research papers, and file new patents. . .
Many efforts in artificial intelligence or literature-based discovery research are

spent to mimic, to support, or to automate creative thinking, heuristic synthesis,

and hypothesis generation.

The book contributes to the development and discussion on one of the most

promising ideation tool: the theory for inventive problem solving (TRIZ). We

invited an excellent crowd of TRIZ researchers and practitioners of different

regions, backgrounds, and professions to share the thoughts and experience—to

talk about possible evolution of the theory, its applications, and problems.

One more name can be found on the cover of the book; it is written with invisible

ink. Prof. Alex Brem of The University of Southern Denmark has contributed much

to this project. Prof. Brem suggested the idea of writing a book, set up the project

with the publisher, invited some of the authors to contribute, and screened the

contributions. At the same time, Prof Brem insisted on remaining outside the

coeditor board, claiming that his contribution had been “not big enough.” The

editor expresses his great appreciation for his help and admires greatly his model

example of scientific tenacity.

Lappeenranta, Finland Leonid Chechurin

Spring 2016
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Introduction

Leonid Chechurin

Abstract This editorial presents the motivation behind this book and gives an

overview of the history of TRIZ, the academic research on the topic so far. The

editorial perspectives in this chapter are based on almost 20 years’ experience of

activities in academia and industry where TRIZ was one of, but not the only, main

subjects. The editor provides a special attention to TRIZ from the scientific

perspective, elaborates on its weak and strong points, and discusses the current

scientific landscape and perspectives. The chapter aims at assisting readers unfa-

miliar with TRIZ, to get acquainted of its history and context of application,

structure, and advantages and to prepare for assimilating the chapters that follow,

which could be challenging for beginners. Finally, the chapter briefly introduces all

the contributions, linking the whole book in one.

Keywords TRIZ • Science • Overview

1 Motivation

Generally, it is a good idea to open the introduction by relevant definitions, which is

in this case a definition of innovation. Innovation is a word that is applicable for

almost anything new resulting from intentional efforts of a human. An “innovation

tag” is suitable for a new product or new service; therefore, the word frequently

decorates companies’ profiles and advertisings, media breaking news titles, and

business schools’ education programs. Sometimes a process is called innovation,

which is then a process of turning new knowledge into a new product (commer-

cially successful if we talk about market-driven economy). Obviously, new knowl-

edge or a new idea is a necessary part of innovation, but real innovation is more than

that. An invention is to be given much more work before it is called innovation:

marketing, management, financing, prototyping, manufacturing, and sale, among

others. And for any new product, this process needs to be newly designed in order to

be successful.
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Although most inventors don’t mind to be called innovators, the biggest chal-

lenge of innovators doesn’t seem to be finding the idea, but uncertainties and

disturbances of the process of turning this idea into profit in the real world. If an

analogy is allowed, the importance of new ideas for innovation is the same as the

importance of bubbles for champaign.

Although nonmaterial as new ideas, bubbles are very important, even crucial

components for champaign, but it is still just bubbles. Creativity is needed at all

stages of the innovation process besides just new product conceptual design.

Nonstandard schemes of investments can save the financing plan, creative market

placement can increase product success, etc. But the stage of inventing a product is

obviously the home court of creativity. Although innovation is a very popular word

and a “must have term” to attract a bit more attention (consider the title of this

book), to position TRIZ as the innovation tool is roughly the same as declaring a

toothbrush as an instrument for body cleaning. A better fit would be calling TRIZ an

instrument for inventing, ideation, idea generating. So, if it had not been for the

popularity of the word innovation, a more precise title of this book would be about

creativity and TRIZ in invention.

2 History

Genrich Altshuller introduced the elements of more productive thinking in inven-

tive engineering in the USSR in 1956, in his paper coauthored by R. Shapiro

(Altshuller and Shapiro 1956). Describing the ideation phase of engineering design

more systematic and therefore gaining popularity among practicing inventors, the

method evolved into a toolset for systematic creativity under the name “Theory of

inventive problem solving” (TRIZ) in the 1980s and then “General theory of strong

thinking” (OTSM) and “Lifetime strategy for creative persons” (ZhSTL) in the

1990s. G. Altshuller and his followers deployed TRIZ through extensive public

activities, training seminars, articles, and books. TRIZ gained new instruments and

chapters. The main method application roadmap, named the “Algorithm for inven-

tive problem solving” (ARIZ), evolved through several editions from 1965 to 1985.

The hype of education, inventing, engineering, and technological advance that

existed in the USSR formed an excellent soil for the method to be of interest.

Altshuller edited a column on creativity in the youth weekly newspaper

Pionerskaya Pravda with a circulation of 9.5 million (nine and a half million!). I

remember being a fan of the column as a kid.

Interestingly, that first publication of Altshuller in 1956 at the same time became

his last publication in a scientific journal. He suffered a lot from the political regime

in the USSR and therefore he decided that he would never work for governmental or

state institutions, including schools and universities. And we should know that there

were no other institutions in the USSR available until it collapsed. Writing science

fiction books for living, Altshuller was never a member of a professional research

community that used scientific publications as the primary stage for reporting
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results, discussion, development, and deployment of new knowledge. But he

declared his findings as theory and the school he established with his followers

pretended to research and to develop it further. Thus, unfortunately, the discussion,

intentionally or not, never left the mostly closed circle of the TRIZ developers’
community, and all the possible developments had to be approved by the founder

rather than peer reviewed. In other words, the development of the “Theory for

inventive problem solving” never entered the most traditional process for institu-

tions and mechanisms of science.

According to one of his followers and colleagues, Vladimir Petrov, Altshuller

was suggested to develop the findings into the form of a scientific dissertation, but

he considered this framework as limiting and restricting. Obviously, Altshuller

could not bear the conservatism of the academic society that developed new

knowledge by small and cautious, but firm steps. He preferred a kind of shortcut,

if a shortcut is possible on the way to distill new knowledge and to prove that a

methodology works. The result can be seen as strongly nonlinear, which allowed

quick development in the beginning, because no time was “wasted” on state-of-the-

art analysis, careful experiment settings, peer reviewing, discussions, etc. But at the

end of the day, it reduced the style and contents of the research to the level of

publicism, school of thought, or conventional wisdom. We have to admit that a big

share of deliverables of Altshuller and his followers were of speculative origin,

based on or provided anecdotal evidence and could hardly be reproduced. These

findings contain interesting, paradoxical, eye opening, and extremely useful

insights for practice, but it is not enough research to be called science. In other

words, more efforts are needed to develop TRIZ to a field of science and these

efforts have been initiated relatively recently.

At the same time, many of these early developments have been proven to be

useful in practice and therefore became a subject or instrument of current research

activities (e.g., most “information technology + TRIZ” indexed papers or product

design contributions use the function analysis approach. The latter appeared first in

two patents (Tsourikov et al. 2000; Devoino et al. 2011)).

Is “theory” a legitimate word for TRIZ? Was Genrich Altshuller a scientist? Do

his findings belong to science? These questions still provoke emotional discussions,

taking into account that the definition of science is diverse. We can’t help adding to
these discussions and definitions one more paragraph.

We have to balance between these extremes. Science carefully delivers us new

knowledge that becomes common good. This new knowledge might be correct but

useless. We have to confess that sadly a big share of scientific research and

publications is originated by points won by other publications (“publishing for

publishing”). The practice is interested in knowledge that is applicable, whether this

knowledge is well proven or not is of secondary interest. Thus, in some market-

driven practices, such as consulting businesses, an ability to sell a theory proves its

correctness. Even more, it shows that this is the best theory ever. Interestingly

enough, business practice based on scientifically proven knowledge is the goal for

most of the advanced universities nowadays. At the same time, reliable business is
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to be based on scientifically proven knowledge, for the sake of sustainability as well

as reputation.

Genrich Altshuller enriched humankind with several insights of different values

and application fields. For example, the trends for the engineering system evolution

provide a systematic point of view on the past and future of products and technol-

ogies. From the same perspective, K. Marx enriched us by the systematic approach

to observe the history of economic relations, J. Schumpeter by highlighting the

innovation component in entrepreneurial competition, and D. Kondratieff by find-

ing long-term periodicity in world economic index history record. All these exam-

ples are the insights of generic or philosophical depth. If the authors of these and

similar approaches are called scientists and their theories are called science, the

same applies to G. Altshuller and TRIZ.

At the same time, these influential insights remain a paradigm still, a school of

thoughts rather than scientifically proven facts. Indeed, we have not yet come across

any reliable proofs of Marxian capitalism nature or the evidence of long-term

economic cycle existence (the original analysis of Kondratieff was based on

150 years of economic indicators’ “Fourier transform” that yielded almost negligi-

ble long-term cycle of a period of 70 years; from the point of view of physics, the

result is speculative; in other words it is too early to conclude that the long-term

cycle exists; the analysis was repeated recently and still does not allow a sound

conclusion). Thus, there has been no statistical research published so far which

would provide the evidence of Altshuller’s trends of the engineering system

evolution. As it comes to the famous S-curve evolution trend, the “quality of the

system” or “system performance,” it is very easy to understand parameters for an

informal talk, but almost impossible to agree on indicators for a quantitative

assessment. We are not able to represent the evolution of a real engineering system

by a single index. And the term “engineering system” requires an abstract level of

analysis only. We should not immediately take a new idea of an engineering system

in the form of a patent seriously, because many patents never become relevant, as

some of them simply contradict the laws of physics. If it is new to a market system,

what if it miserably fails as a product after a short period of time? Should we count

lab prototypes or even gadgets that never became mass production? If not, what

criteria can be applied for an engineering system to be legitimate as an event in

relation to the S-curve analysis?

There are many more questions to be answered before a school of thoughts

enters the level of scientific evidence. Otherwise it never leaves the domain of

conventional wisdom, anecdotes, and rumor. For example, there is a famous

number known to every TRIZnic: “40,000”. Yes, this is the number of patents

studied and analyzed by Altshuller to extract the TESEs and other TRIZ instru-

ments (it means that TRIZ knowledge is a typical big data or literature-based

discovery, performed manually). Altshuller reported he studied 40,000 patents.

But the study was not documented in a way to be reproduced to become the basis

for further development. We are not able to build this pool of 40,000 patents again,

unfortunately, and this part of TRIZ became a part of literature, not science. The

consequence is remarkable: the authors of scientific papers introduce the history of
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TRIZ and have nothing but an anecdote to refer to. But the greater the number, the

more impressive it is. Thus, we come across “100,000”, “400,000 patents studied by

Altshuller,” and even “2 million patents TRIZ is based on,” even in scientific

papers.

Theories are to be scientifically proven but could it be true that the biggest

theories do not need a proof?

Indeed, if many findings of Altshuller have been widely implemented in the

practice of engineering conceptual design and if they inspired much scientific

research (obviously, Altshuller is the most cited author in TRIZ-related publica-

tions), isn’t it already beyond standard scientific contribution, which performance is

measured by citations?

3 Academic Research on TRIZ

However, the fact that there had been no TRIZ-related publications in scientific

journals until the late 1990s resulted in certain difficulties in TRIZ acceptance,

deployment, and integration. It was rather risky to implement an approach that had

never been acknowledged by science.

Fortunately, from the year 2000 onward, TRIZ received increased interest from

those who prefer to publish research results in journals, indexed by leading scien-

tific databases. In turn, these publications provide structured material for under-

standing TRIZ acceptance and development, bibliography analysis, trends of

evolution, and open discussion. Thus, the past 15 years of evolution of TRIZ in

scientific literature resulted in approximately 1000 peer-reviewed papers. It is a

valuable material to understand how TRIZ is used and developed de facto. What are

the most popular TRIZ tools and where are they typically applied? How is TRIZ

being integrated into the roadmaps of modern engineering design? What are TRIZ

competitors and what are the winning combinations with other design or research

practices that promise high synergy? These and other questions are being discussed

nowadays, which we deem to be a very good development.

Obviously, a review on scientific publications related to TRIZ deserves more

attention than an editorial can provide. Moreover, a suitable review has recently

been published (Chechurin 2016), and it is worth highlighting some results of this

work: research efforts’ distribution and noticeable trends.

The majority of TRIZ-related scientific contributions stay in the following

paradigm: the theory is used for new product or technology design. Researchers

either customize TRIZ tools slightly to fit certain application fields (e.g., chemical

engineering or environmentally friendly design) or to demonstrate the power of the

approach by design case studies.

An increasing share of studies uses TRIZ elements in an exciting hunt for

successful “automated concept generation algorithms.” The research question

appears to be simple: can an algorithm provide a new idea? This is an interesting

intersection of artificial intelligence, computational linguistics, and literature-based
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discovery where TRIZ “subject-object-action” and function analysis frameworks

turned out to be a promising ontology. Other TRIZ tools like the contradiction

analysis or trends of engineering system evolution support a field of research where

huge amounts of texts (typically patents) are processed in order to retrieve “inter-

esting” documents, to cluster them, or to distill certain trends and tendencies.

Worth mentioning is also a relatively small, but very high-cited share of publi-

cations, which use TRIZ for bridging between engineering and biology. Being one

of the production samples, we readily assume that Mother Nature is a very suc-

cessful designer, but the problem is that “The Designer” does not share the records.

We do not know why some “designs” are so successful, but even when biologists

discover the secret we need to database it in such a way that it is easy to access it

with engineering domain requests. TRIZ turned out to provide elements of archi-

tecture for this database, for example, a function or contradiction-based phenomena

description.

Finally, much effort is invested in applying TRIZ for nontechnical fields, like

new service design, management, and business. For example, the inventive princi-

ples are either illustrated by the examples of smart managerial solutions or rewritten

in the language of corresponding fields. Many authors present roadmaps for the

integration of TRIZ in the product research and development process. In the same

manner, researchers try to find a synergy between TRIZ and other more established

methods for product design and development like OFD, Six Sigma, Lean, etc. The

weakest points of these studies seem to be that proof is basically substituted by one

or two case studies of design instead of empirical or statistical evidence.

TRIZ still seems to have been experiencing difficulties in enhancing idea

generation in abstract fields, which deal with nonmaterial objects. For example, a

negligible small amount of studies applies the theory for such a remarkable industry

as coding, programming, or algorithm design. One reason could be that TRIZ is

most effective in real, not abstract problems, where the thinking inertia originated

by the conventional way of using certain material objects. TRIZ helps to focus on

the functionality of the object, to substitute the material object by an abstract model

in a similar manner as a mathematical model replaces the mechanical object in

physics. But when the departure point is already nonmaterial, like an element of

code, a big deal of TRIZ tricks does not work and even definitions become

inapplicable. We are not able to define interactions, operation time, and an opera-

tion zone for software. Furthermore, ideality is to be redefined because the cost of

material (the lines of code) is not going to be of much concern, the trend of

evolution from mechanical structures to fields is inapplicable, etc.

Unfortunately, the typical TRIZ application paper engages contradiction analy-

sis only. It creates the same distortion of TRIZ potential as if one claims that

arithmetic is all in mathematics. The engineering contradiction elimination tech-

nique is simple and attractive to impress neophytes, but professional engineers

would immediately reveal its weaknesses: the formulations of contradictions and

inventive principles are very generic and do not differ much from brainstorming;

they overlap and are nonuniform (compare inventive principle “use strong oxi-

dants” and “change parameters”).
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Finally, before briefly introducing each contribution of this book, we present the

statistical analysis which shows that “the amount of TRIZ research,” measured by

the amount of papers on the subject, is growing from less than 5 publications per

year before 2000 to about 150 publications per year after 2012. The dataset was

retrieved by the filtering publications with the word “TRIZ” in the Title, Abstract,

or Keywords (TAK) fields. We could simply call it a “growing interest to the topic,”

but the total amount of related scientific papers in SCOPUS also shows similar

growth. It is also worth mentioning that about 90% of TRIZ-related scientific

publications are hosted by the journals with very low visibility; the impact factor

of these editions hardly exceeds 0.1. Only about 3% of publications are made in

journals with an impact factor exceeding 2.

We also notice that the “total amount of TRIZ research” measured by the total

amount of publications (about 1200 by 2014) is comparable to the amount of

studies which are related to practicing TRIZ techniques. The details are given in

Table 1, which also shows the context of TRIZ in adjacent fields of knowledge.

4 Overview of Chapters

The departure point of Elevate Design-to-Cost-Innovation Using TRIZ by Zulhasni

bin Abdul Rahim is the statement that “there is no specific tool that focused on

solving cost problems explicitly” in TRIZ. However, Altshuller made this very

clear in one of his book: cost is not the only engineering parameter; it is to be further

expressed through technical parameters. In other words, we have to analyze why the

cost is an issue. Potential questions might be is there labor-intensive manufactur-

ing? Excessive use of expensive materials? The need for high-precision measuring?

When the cost reduction is the primary goal of system redesign, TRIZ application

yields ideas how to simplify the product of technology (see also DFMA rules). In

general, simplification means fewer amounts of parts or technology operations that

reasonably correlate with lower material or manufacturing costs. However, this

does not imply that the efforts to link the function design with cost design should

not be undertaken. The earlier the designer is able to see the economic projections

of his/her design, the better. The study provides an illustrative mechanical design

example showing how TRIZ application helped to reduce the costs dramatically.

Unfortunately, TRIZ was born and developed in a country where concerns about

environmental protection were not among the highest priorities. Environmental

issues are rarely discussed in TRIZ classics and not directly addressed by TRIZ

instruments. For example, the Altshuller matrix does not bear such engineering

parameters as the “harm for the environment” or “excessive pollution.” They are to

be generalized to “excessive use of energy,” “substance loss,” etc. Altshuller

followers keep focusing on design for functionality or profit, unless the environ-

mental problem appears in the context of chemical field or process control. In

contrast, the share of scientific publications on applying/adapting TRIZ for

eco-centered design is growing steadily. The study by Issac Lim The Effectiveness
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of TRIZ Tools for Eco-Efficient Product Design is a nice example of it. It provides

an overview of eco-related studies with TRIZ, statistical analysis of TRIZ tools

applied for these problems, and an introduction of a new design tool, the ECO

ideality chart. The tool application is illustrated by three examples.

Advanced Function Approach in Modern TRIZ by Oleg Feygenson and Naum

Feygenson develops a function-based analysis. First, the study provides a nice

introduction to the conventional function analysis that became a part of modern

TRIZ and a popular analysis method. The authors highlight its weak points how-

ever. The latter is addressed by adding time and location variables. In a way it is the

re-appreciation of classical TRIZ operation time and operation zone analysis tools

that have been neglected in modern function analysis. A famous toothbrush bench-

mark example illustrates that the approach named “Advanced Function approach

(AFA)” is capable to develop the picture of system functioning and differentiates

the function performance in a more specific way. Another example of the simulta-

neous operation of two identical engineering systems shows that the new approach

is capable of modeling the synergetic effect. Using Enhanced Nested Function
Models for Strategic Product Development by Horst Nähler and Barbara Gronauer

also adds to the function analysis technique. The study views the function model

Table 1 Context of TRIZ studies in indexed literature by July 2014 (Chechurin 2016)

Total amount of papers with “*” in

TAK fields, total amount

Column 2 selection AND “TRIZ” in

TAK fields, total amount (relative

amount)

“TRIZ” 1200 1200 (100)

“Computer-aided

innovation”

93 56 (60)

“C-K theory”

(design reasoning)

58 7 (12)

“Synectics” 40 4 (10)

“Axiomatic

design”

740 51 (6.9)

“Kano model” 269 18 (6.7)

“DFSS” 400 15 (3.7)

“DFMA” 260 6 (2.3)

“Technology

forecasting”

900 20 (2.2)

“Theory of

constrains”

900 16 (1.8)

“Brainstorming” 2350 35 (1.5)

“Quality function

deployment”

5100 74 (1.5)

“Six sigma” 4000 34 (0.9)

“Case-based

reasoning”

7200 24 (0.3)

“Robust design” 3500 17 (0.4)

“Creativity” 31,600 130 (0.5)
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through the prism of the famous nine-screen vision of Altshuller. First it highlights

the advantages of element nesting: a standard model transformation technique in

system analysis (e.g., see IDEF0 technique for system hierarchy analysis or

Simulink’s “masking” option for system control circuits). In the same manner, it

suggests to group/ungroup function model components in subassemblies. Secondly,

it introduces the past, present, and future into a standard function model. A design

case study illustrates the advantages of the suggested approach.

Interestingly enough, both studies focus on adding the time axis to the function

modeling approach. It echoes the dynamic function modeling approach introduced

in Chechurin et al. (2015).

Vladimir Petrov presents his original TRIZ-based algorithm for problem analy-

sis in 5-Step Method for Conceptual Idea Design. His TRIZ journey was initiated

by G. Altshuller himself more than 40 years ago; Vladimir was his student and,

further, active member of community of TRIZ developers. The enormous experi-

ence of TRIZ teaching and application resulted in the presented TRIZ tool appli-

cation roadmap. Indeed, although ARIZ is still the one and the only sacred

instruction of TRIZ tools’ application in theory, the reviews show that the practice

of ARIZ application is negligible. It is reported to be difficult, complex, and too

demanding to learn.

Considering its name, TRIZ already bears one issue. The denomination “prob-

lem solving” seems rather ambitious and does not go along with the word “theory”

very well. Imagine titles such as “theory of mechanical problem solving” or “theory

of chemical problem solving.” The main issue of TRIZ is the definition of the

“problem” and finding a solution to the problem. Unfortunately, in contrast to

mathematics, where the solution simply turns the equation into certainty or fact,

the “solution” in TRIZ seems to be rather an optimistic substitute for a more

appropriate “idea,” “concept,” or a “version” as far as design problems are

concerned. TRIZ is an excellent ideation aid but it takes much more for an idea

to become a real-world saving reality. With this philosophical tune, we consider the

chapter Taming Complex Problems by Systematic Innovation by Claudia Hentschel
and Alexander Czinki. It starts with a discussion on the basic definitions: problems,

simple, chaotic, complex, and complicated problems and their place in innovation

management. It is interesting to observe an attempt to interpret the concepts of

nonlinear dynamics and system control for the much less formalized field of

innovation management. The role of TRIZ in taming these problems is shown,

although at a very generic level.

Another contribution on the same philosophical level is TRIZ and Big Systems by
Dmitry Bakhturin. Here we face the definition of big systems as a big-scale business

or company. The chapter speculates on the features of TRIZ deployment at the big

company, for example, the necessity to consider man-machine systems, where

classical TRIZ machine analysis-oriented tools may not work. The author high-

lights the difference between the canonized term “evolution trends” (in English),

while Altshuller’s original meaning in Russian was closer to “development trends.”

He also points out that the traditional model for a “supersystem” concept does not

seem to be very productive when we deal with meta-systems in this context.
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Since its first publication as a part of TRIZ, the trends for engineering system

evolution (TESE) have been used to track and predict the evolution of artificial

systems. But the numerous publications reveal an analysis performed on material

products like airplanes or monitors. The TRIZ-Evolutionary Approach: Main Points
and Implementation by Victor D. Berdonosov and Elena V. Redkolis is an innova-

tive attempt to present the evolution in nonmaterial artificial systems: briefly in

programming languages and more extended in numerical methods in mathematics.

It is work of high interest: not much can be found in the literature regarding the

application of TRIZ in programming, algorithm design, and, finally, mathematics.

Indeed, most of the methods invented, even in such a logic-intensive science like

mathematics, are the result of heuristic design. Since they are inventions, a natural

question appears: could they be described by contradiction elimination, TESE, and

other TRIZ instruments? The study provides an interesting classification to the huge

family of numerical methods and a picture of their evolution.

TRIZ was born as the tool for engineers to design something new. Obviously, all

the tools of this type are to be of interest for innovation managers and the

researchers in the field. One question of these studies is where and how to integrate

TRIZ with other tools in the innovation roadmap; another is how to apply TRIZ for

innovation marketing and management directly. The chapter Contradiction-
Centred Identification of Search Fields and Development Directions by Verena

Pfeuffer and Bruno Scherb speculates on these two subjects and brings one more

roadmap of TRIZ-assisted innovation.

TRIZ-Events Increase Innovative Strength of Lean Product Development Pro-
cesses by Christian M. Thurnes, Frank Zeihsel, Boris Zlotin, and Alla Zusman

provides one more TRIZ-assisted development process pattern. Classic and modern

TRIZ tools are integrated into the lean-event roadmap. The study speaks the

language of an international ideation company, which develops their own methods

and products for invention support: Innovation Situation Questionnaire (ISQ),

Anticipatory Failure Determination (AFD), direction for innovation, Direct Evolu-

tion, and Source-Effect-Object-Result Model (SEOR)), among others.

The next part of this book is the collection of case studies. TRIZ in Enhancing of
Design Creativity: A Case Study from Singapore by Iouri Belski, Teng Tat Chong,

Anne Belski, and Richard Kwok open that part with a model case. It reveals a

documented mechanical design improvement process assisted by TRIZ. The results

are patented and implemented—what could be better as a success story?

Another illustration is TRIZ-Supported Development of an Allocation System for
Sheet Metal Processing. A One-Day Case Study by Barbara Gronauer and Horst

T. Nähler. The report contains a documented case of a TRIZ-guided brainstorming

session of a team of engineers that lead to a “qualified, capable solution concept” in

redesigning an existing machine.

TRIZ as a Primary Tool for Biomimetics by Julian Vincent opens the part of free
essays. It is a pleasure to have a chance to host the author of most cited TRIZ-

related publications in this book. G. Altshuller wrote in 1961 “Unfortunately,

inventors cannot easily use the “patent database” of Nature. Engineering knowl-

edge is not yet linked to the biological one.” Addressing this point, the chapter
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reviews the advance of biomimetics and the role of TRIZ in making the technology

transfer from nature to engineering more systematic.

In contrast to what is stated in the beginning of Using TRIZ in the Social
Sciences: Possibilities and Limitations by Joris Schut, there is actually a big amount

of studies on adapting/applying the use of TRIZ in nonengineering fields. The essay

meditates on the subject at a very general level and provides a reasonable conclu-

sion that states that more work needs to be done to adapt TRIZ for social sciences.

Linking TRIZ and Cross-Industry Innovation—Evidence from Practice. How
TRIZ in the Context of Cross-Industry-Innovation Can Turbo-Charge the Innova-
tion Process by Peter Meckler is the interesting free speech text based on the

experience of an innovation facilitator. It tells how TRIZ was used in many projects

in multi-field engineering teams to support the ideation stage. TRIZ (or what the

author believes to be TRIZ) is placed among other creativity methods in a

nonsystematic way. This text is vivid reading with insights and humorous

anecdotes.

Finally, the Glossary by Valeri Souchkov is believed to be a useful reference for
TRIZ terminology used in this book and outside of it.

To conclude the editorial before we briefly introduce the chapters of our book,

we anxiously predict that TRIZ has a challenging but bright future in the domain of

science. It might undergo some critical revisions and transformations, get rid of

personal and historical influence, doubtful, biases, and unnecessary pieces, and

even fall apart into several elements. But these elements can become the corner-

stones for the further systematization of heuristic acts, hypothesis construction, and

ideation.
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Elevate Design-to-Cost Innovation

Using TRIZ

Zulhasni bin Abdul Rahim and Nooh Abu Bakar

Abstract Design-to-cost (DTC) is a powerful concept to adopt in reducing cost at

design level. The concept brings the cost parameter to the same level with the

design or technical parameter. The ultimate goal of DTC is to design a product that

effectively meets the planned target cost before the product is launched. Therefore,

DTC consists of tools which assist the organization to achieve its goals. However,

the effectiveness in achieving its goals is quite challenging as there are a number of

conflicting issues in the process of driving down the cost toward the target cost. The

best and most common tool of the DTC concept is a trade-off. A trade-off allows

designers to tune their designs and seek ultimate points of optimization between

conflicting product requirements. This directly hinders the designer from pushing

the cost further down or achieving the targeted cost as it is only looking for a

compromise as its solution. A framework called design-to-cost innovation (DTCI)

is introduced to overcome these challenges. A case study is shared to discuss the

application of the DTCI framework as compared to the optimization approach. The

application of TRIZ tools in DTCI managed to achieve 75.3% in weight reduction

as compared to 22.1% from the optimization approach, which indirectly reduces

the material cost of the system. The outcome of DTCI brings a higher value to cost

reduction initiatives by eliminating trade-offs and improving product innovation.

Keywords TRIZ • Design-to-cost • Cost reduction • Optimization • Automotive

1 DTC and Its Constraints

The first DTC concept was introduced in the military industry by The Department

of Defense (DoD), United States of America. The concept was applied through

DoD Directive 5000.1 named “Acquisition of Major Defense Systems” way back in

1971. The initial objective of this directive was to quantify the design parameter in

the form of cost parameter. This established the cost element from the design
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parameter which gave impact to development cost and product cost. Later, another

directive was created, DoD Directive 5000.28 named “Design-to-Cost” to improve

the adoption of new concepts as guidelines which later become a policy. The most

significant change in the new directive was highlighting cost control toward

preestablished target cost throughout the design and development process of the

product. At that time, the only approach which supported the product developer to

achieve the given target cost was by adopting a trade-off between cost and other

critical deliverables such as product performance, product design parameters,

development time, or product quality.

The practical trade-off approach adopted by the DoD was considered as the most

feasible method to achieve the target cost which was focused on finding a balance

point between conflicting goals in product design and development (Tyson 1989).

In other words, practical trade-offs would seek a compromise between the product

design parameter and product cost parameter to prevent the final cost of the product

to go beyond the targeted cost (Rahim and Bakar 2013). This forced the DoD to

explore more effective methods or tools for support to achieve the target cost.

Furthermore, they needed a tool which provided a specific analysis on the design

and cost parameters in order to assist them in controlling the product cost from

going beyond the target cost and eventually fail the project (Montgomery and

Carlson 2011).

Subsequently, value engineering (VE) was adopted as a tool to reduce the

dependency on trade-offs by analyzing between design and cost parameters. Wich-

ita (1975) stated that VE was able to provide a significant improvement to DTC by

incorporating clauses in the project’s contract. Wichita (1980) conducted several

case studies on the application of VE in DTC projects to develop weapon systems,

which in his opinion was successful. However, the study recommended that trade-

offs were still a component of DTC projects followed by the VE method to achieve

target cost (Zulhasni and Nooh 2015).

The vertical improvement of DTC effectiveness to achieve target cost was not

merely by introducing VE into the processes. Several tools have been proposed

throughout the four phases of DTC based on a comprehensive DTC framework by

Gilb and Maier (2005). The DTC framework comprises the following phases in

sequence: preparation, design, evaluation, and implementation. Figure 1 shows the

tools proposed in the DTC processes based on the framework by Gilb and Maier.

A common tool used in the preparation phase is the Pareto analysis, which

focuses on prioritizing improvement areas for DTC projects. In the design phase,

tools such as VE analysis and brainstorming are used to generate ideas to achieve

the target cost. In the evaluation phase, the DTC project would encounter problems

which may become constraints to its goals. Common problem-solving tools are

used in this phase, such as “5-Why analysis” (Gilb 2011). However, there is less

options for the DTC project in solving problems as it marches toward the imple-

mentation phase. In this phase, there is only one common alternative left for the

DTC to execute the project, which is using the trade-off analysis. This tool

distinctly proposes a compromise between conflicting needs, especially in terms

of the cost parameter (Williamson 1994).
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There is also a horizontal improvement that is focused on creating better value

compared to the DTC. A new concept called “Cost as an Independent Variable”

(CAIV) was introduced to the DoD in 1995. The CAIV concept highlights cost as a

fixed variable, while performance and schedule are allowed to vary (Boudreau

2006). In other words, the focus on compromise is transferred to performance and

schedule. Meanwhile expecting the product of the project is affordable. However,

this concept is not feasible when the project is extended to a longer schedule. This is

because the operational cost is still active and therefore, the total development cost

would increase. It would have a similar impact on the compromising performance

to achieve target cost, which inevitably ends up with poor customer satisfaction

(Zulhasni et al. 2015).

The vertical and horizontal improvements of DTC are still tied to the trade-offs

as their final decision-making in pursuing the target cost. However, in 2000, Esaki

claimed making the first attempt to introduce TRIZ in DTC, together with other

concepts such as quality function deployment (QFD) and the Taguchi method

(Esaki 2005). Figure 2 shows the evolution of the DTC concept derived by

Esaki (2005).

The main possible reason for the new method such as TRIZ to become a part of

the DTC concept is to overcome the dependency of trade-offs in the main processes.

This opens up a new improvement in the overall DTC concept if TRIZ is to be

significant to break away from trade-offs. However, the search for literature on a

proposed framework(s) and case studies on implementing TRIZ in DTC has yet to

be found (Bakar and Rahim 2014). This creates motivation to pursue the possibility

of the DTC in adopting TRIZ in its framework and processes. The next section will

discuss some investigations conducted on how TRIZ was adopted in cost reduction

initiatives, which was similar to the DTC concept. Subsequently, TRIZ was applied

in the DTC concept through several case studies using a new framework called

design-to-cost innovation (DTCI).

Fig. 1 Application of tools in DTC processes based from Gilb and Maier’s framework
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2 TRIZ in Cost Reduction

Most TRIZ practitioners are aware and may agree that TRIZ is an arch enemy of

trade-offs (Hipple 2012; Linstone 2011). One of the main reasons for the existence

of the TRIZ methodology is to break away from the compromise or trade-off.

Without TRIZ, most people would do their best and focus on optimization until they

reach the ultimate limit (Hipple 2012; Cascini et al. 2011). Most probably people at

this stage are unable to think of better solutions and instead propose more complex

solutions (Rahim and Nooh 2014). Furthermore, what they require deploys unnec-

essary resources to maintain high levels of optimization. This includes cost as one

of the main bottom-line for any industry.

Cost is the problem of all industries and things get more severe when the

competitive environment becomes hostile. Almost all industries are struggling to

improve their cost at every level of the business process. Regardless of how cost

reduction is done, most business owners only want to see huge profits and zero

losses. They would use whatever methods or approaches to find the ultimate

solution reduce cost, including employing TRIZ methodology (Sheu and Hou

2011).

Many tools from level 1 to level 3 are taught within the scope of knowledge

governed by the International TRIZ Association, or known as MATRIZ. The

purpose to divide to three levels is to ensure that TRIZ practitioner is able to

adopt the complexity of the methodology. Level 1 tools are “function analysis,”

“cause effect chain analysis,” “ideality,” “trimming,” “engineering contradiction,”

“contradiction matrix,” and “40 inventive principles.” In level 2, the tools are

“physical contradiction,” “Su-field analysis,” “76 standard inventive solution,”

and “S curve analysis.” The rest of the 14 more tools are allocated in level 3 that

are mostly known as modern TRIZ tools. However, there is no specific tool that

focused on solving cost problems explicitly (Stratton and Mann 2003). Most of the

Fig. 2 The evolution of DTC concept (Esaki 2005)
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applications of those tools are used to indirectly reduce cost-related problems. For

example, in the application of Contradiction Matrix, there is no “Cost” listed as

worsening or improving parameters, neither is “Cost” listed as a part of inventive

principles (Domb 2005).

Cost is considered as subjective and is dependent on the context of the moment.

In cost reduction initiatives, there are many conflicting factors caused by identified

cost element(s). This cost element may have a direct, inverted, or exponential

relationship with the technical parameters of TRIZ. Furthermore, some inventive

principles are capable of providing effective solutions while some do not. For

example, in the context of meeting customer level of affordability, segmentation

of product variants may solve the problem. However, merging many variants of a

product may reduce the number of its resources, which could impact on cost

reduction. So, which solution is better? Create segmentation to expand the market

or merge to reduce resources. This, of course, creates another contradiction to solve.

Furthermore, the buzzword in the twentieth century competitive industry is

innovation. The industry is pushing new technology to the market; at the same

time the market is pulled by customer demands for better products from the

industry. This automatically imposes a greater challenge to the industry to ensure

that they survive in the competition. There is a misconception by industries

regarding innovation that it always requires a huge investment and incurs great

risk to the organizational performance. This hinders industries from pursuing

innovation, and instead they choose to conduct business as usual, hoping that

they would survive any competition coming their way.

In investigating how other TRIZ practitioners carry out cost improvement

activities, a literature review was conducted on areas of cost reduction. Most

TRIZ practitioners are focused on the product design area as it brings a huge impact

and delivers significant results in cost reduction. Domb and Kling (2006) suggested

that the focus on cost improvement must begin from the cost of the root cause(s).

Domb (2005) recommended several TRIZ tools as in Fig. 3 which was considered

as effective to solve cost problems.

Isaka (2012) proposed cost cutting in redesigning products to develop simpler

products using “Trimming” in the 8th TRIZ Symposium in Japan. The trimmed

system was expected to create new problems to be solved to achieve cost improve-

ment results. Furthermore the focus of TRIZ tools in cost reduction initiatives has

expanded to other improvement concepts. Ikovenko and Bradley (2003) advanced

an integrated TRIZ under Lean Thinking Tools in the 2004 ETRIA Future Confer-

ence. The objective of integration was to harness the advantages and potential

which could be effectively used in organizational methods like Lean. The strongest

TRIZ tools applied in Lean were “Trimming” and “Flow Analysis.”

Besides conceptual studies, there were also several case studies which used

TRIZ in cost reduction initiatives. Cho et al. (2004) shared their application of

TRIZ in reducing material cost in a Samsung camcorder product. The main TRIZ

tools used in their product were Function Analysis, Technical Contradiction, and

Su-Field Analysis. The most interesting outcome of the cost reduction activities

was their success in securing three new patents for the technological innovation.
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There were some studies on the application of TRIZ tools which provided

significant improvement to the current DTC which moved away from using trade-

offs. Table 1 shows a summary of previous research on TRIZ applications in cost

reduction and area of complement in the DTC process.

The common tools used and the approach adopted by TRIZ practitioners in cost

reduction can be seen in Table 1. One of the strategic approaches is by integrating

TRIZ tools into other concepts. Each context of TRIZ tool application varies

depending on the objective of the cost reduction initiative. The following section

describes a new framework of DTC which integrates TRIZ tools in order to achieve

better cost reduction performance without trade-offs and also improves the level of

innovation.

3 DTCI Framework

A framework is created based on the inherent contradiction of current DTC in

product design and innovation. A new version of the DTC framework called DTCI

framework was developed using the framework by Gilb and Maier (2005) as a base.

The framework consisted of four phases: system prioritization, idea generation,

idea evaluation, and implementation. The unique part of integrating the TRIZ

Fig. 3 Flowchart for cost problem using TRIZ (Domb 2005)
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method is that it is divided into three categories. The first category is addressing the

cost problem of the existing system. For example, components caused high defects

based on warranty claims. The second category is developing a new system to

improve the cost of the old system, due to changes in a stakeholder’s requirements

or meeting the target cost. The third category is developing an advanced system

which improves the level of product innovation or which is related to developing

patents. Figure 4 shows the DTCI framework with an integration of TRIZ tools.

All DTCI initiatives are strategically prioritized based on the product or com-

ponents of cost analysis. This focus is on a specific system which applies TRIZ tools

for improvement. The solution developed is evaluated from three dimensions:

technical, commercial, and management. Solutions which meet the requirements

of the evaluation process would proceed to the implementation process. Mean-

while, solutions which do not meet the requirements would either be improved

further or reserved for future strategic product development.

There are recommended application tools in the DTCI framework within those

categories, as shown in Fig. 5. Certain tools are suitable for a specific objective and

context in solving a cost problem on an existing system, developing a new system,

or exploring an advanced system. However, this does not restrict the application of

other tools in other categories that is not listed as recommended tools. There are

also other new TRIZ tools used in the DTCI framework which are not mentioned in

Table 1 A summary of researches on TRIZ related to cost improvement

No.

Authors and year of

publication

DTC area of

improvement TRIZ tools

Integration of

TRIZ

1 Ikovenko and Bradley

(2003)

Idea generation Trimming Integration

success

2 Mann and Domb (2003) Trade-off and

evaluation

Contradiction Harmful function

3 Sawaguchi (2000) Brainstorming Inventive

principles

High-value ideas

4 Stratton and Mann

(2000)

Idea generation and

evaluation

Trimming Engineering needs

5 Domb and Kling (2006) Technical cost element Contradiction Integration

6 Domb (2005) Prioritization Inventive

principles

Manufacturing

success

7 Isaka (2012) Design simplification Trimming Simplification

8 Mann (2002) Idea generation Function

analysis

Business area

9 Martin (2010) Prioritization Trimming Lean and TOC

10 Wu (2004) Design improvement Inventive

principles

Taguchi method

11 Li (2010) Trade-off Contradiction Technology

acceleration

12 Mann and Domb (1999) Design improvement Function

analysis

Customization

13 Ball (2014) Simplification Trimming N/A
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Fig. 4 DTCI framework

Fig. 5 Recommendation list of TRIZ tools in DTCI categories
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the list such as patent circumvention and patent strategy, which consist of a

combination of other TRIZ tools with a legal perspective.

The next section looks at some case studies on each DTCI category and the focus

to enhance DTC to achieve better target cost and to improve the level of product

innovation.

4 DTCI Case Studies

The DTCI framework is an elevation of the current DTC with the application of

TRIZ tools and focuses to break away from being too dependent on trade-offs.

Another expected outcome of DTCI is to embrace innovation in product design so

as to achieve the cost reduction objective. There are several published projects

concerning case studies on the application of DTCI in the automotive industry at the

systems and component level (Rahim et al. 2015). However in this chapter, a case

from one of the projects is presented on problem solving by way of a comparison

study between a common optimization method and the TRIZ method.

4.1 Project Case: DTCI in Existing Design Optimization

A wiper system is selected for improvement through a cost engineering analysis.

The wiper system has a number of limitations such as the issue of reliability and

material cost. On top of this, the engineering team was intent on improving the

design of the wiper system and reducing the weight of its components. Figure 6

shows the wiper system mounted on a car.

A cross function team was assembled. It consisted of members from engineering

design, procurement, quality, and manufacturing including suppliers. The activity

started with a component analysis, before it progressed to developing an improved

design concept through current engineering optimization activity. After that the

same system was analyzed using TRIZ methods and another design concept was

developed for a comparison study. The focus outcome from both the design

concepts was a comparison on component cost improvement, functionality, and

key focus on reducing the weight of the wiper system.

The heaviest component in the wiper system was the wiper bracket. It weighed

about 1.5 kg, which was considered too heavy for the total system. It was made

from thick cast iron and went through the casting process to obtain its solid and

rigid features. The features were required as this component was considered as the

most critical component in the wiper system mechanism. If the weight of the

bracket was reduced, it would directly reduce the material cost. However, the

weight reduction must not reduce the reliability and performance of the wiper

system. This was considered as a good problem statement for TRIZ to solve the
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contradiction. Meanwhile, conventional methods began to seek trade-off points

between weight reduction, cost reduction, and performance through design

optimization.

In a product design optimization process, computer-aided engineering (CAE)

would be used to analyze the current wiper system for weight improvement.

Figure 7 shows the overview process of design optimization for the design concept

of the wiper bracket.

Based on the optimization process using CAE, some minor changes were

proposed for the existing design of the wiper bracket. The limitation to the changes

was the allowable maximum stress applied on the bracket during operational mode.

The reduction in weight was achieved by 22.1%, which was equivalent to 0.332 kg

from its current weight. Figure 8 shows the changes performed through CAE

optimization.

The next method was using TRIZ as a weight optimization initiative. First, the

system was modeled using function analysis to investigate the level of function

which existed in the current wiper system. Figure 9 shows the function analysis

performed on the wiper system. In the context of weight reduction, the wiper

bracket carried excessive functions in holding other components. From an engi-

neer’s viewpoint, the excessive weight of the wiper bracket was to attain rigidity in
holding other components and to have it mounted on to the body structure. This

Fig. 6 Original wiper system in the current model
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understanding is considered as psychological inertia to overcome the contradiction

between weight and rigidity.

The contradiction was reviewed through 39 engineering parameters. The

improving parameter comprised weights of stationary object (#2), whereby the

stationary wiper bracket was fixed on to the body structure. Meanwhile, the

worsening parameters were force (#10), stress (#11), stability (#13), strength

(#14), reliability (#27), and ease to manufacture (#32). The worsening parameters

were highlighted by the subject matter expert (SME) in the cross function team.

Figure 10 shows inventive principles extracted from the contradiction matrix.

Fig. 7 Optimization process on weight reduction for wiper bracket

Fig. 8 Comparison of optimization analysis and weight improvement

Elevate Design-to-Cost Innovation Using TRIZ 25



Fig. 9 Function analysis of wiper system
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Fig. 10 Contradiction analysis between the studied parameters for weight improvement
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The next process was to identify the most common inventive principles

recommended to solve interrelated contradictions in reducing the weight of the

wiper bracket. Using a simple Pareto analysis, the inventive principles were

analyzed to identify the most common concept proposed with regard to similar

contradictions. There were four inventive principles that were mentioned more than

once. Figure 11 shows the four inventive principles: “Preliminary action,”

“Mechanics substitution,” “Segmentation,” and “Anti-weight.”

Based on recommendations from many inventive principles, the cross function

team was excited to explore all the inventive principles to develop the concept

solution. The concept solution was focused on the mechanism of how the function

delivered and the technical feasibility of the established concept solution. Table 2

shows the concept solution discussed based on recommended inventive principles

and the results of technical evaluation. The technical evaluation result is based on

the capability to develop the proposal using existing available resources determine

by the DTCI team, experts, and project manager.

The cross function team used their current knowledge and experience to develop

the wiper system through the concept of inventive principles. Quite a number of

amazing concepts were generated and each of them required some evaluation study

on its technical feasibility. However, the development of concepts was quite

straightforward due to the team members’ basic level of TRIZ knowledge and

application. Some members utilized the Internet to extract information to support

their proposed concept with facts and figures.

The evaluation process in DTCI also included a commercial study. The concept

solutions were mapped to identify the most significant for design improvement

using four-by-four matrix cost analysis and technical feasibility; Fig. 12 shows the

commercial–technical matrix on the proposed concept solution. The solutions are

allocated on the investment cost required and the feasibility of existing resources

confirm by the DTCI team and manager.

The most feasible concept solution used the inventive principles: #1 (Segmen-

tation), #35 (Parameter change), #8 (Anti-weight), and #10 (Preliminary action).

The activity had made each team member more receptive to developing practical

Fig. 11 Pareto analysis of recommended inventive principles for the optimized weight improve-

ment product
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Table 2 Ideas generated based on inventive principle into the optimization of the wiper system

Inventive

principles Specific improvement Impact

Technical

evaluation results

IP #10

Preliminary

action

Use water repellent for front

glass window

Not suitable for other

than water

Feasible (moderate

innovation)

IP #28

Mechanic

substitution

High-frequency ultrasound

in windshield

Able to delete existing

components such as

wiper motor

Feasible (radical

innovation)

IP #1

Segmentation

Separate the bracket into

two pieces

Smaller size bracket Feasible (minor

modification)

IP #8

Anti-weight

A portion of bracket is

designed into the trim cover

Reduce metal material Feasible (minor

modification)

IP #19

Periodic

action

Pressured air blows the water

periodically

Reduce the force to wipe

the water, reduce the

bracket strength

Feasible (moderate

innovation)

IP #35

Parameter

change

Use hollow parts to substitute

solid parts

Reduce the total weight

of parts

Feasible (minor

modification)

IP #13

The other

way around

Change the position of

wiper system to the top of

the front glass window

Reduce the force to wipe

the water, reduce the

bracket strength

Feasible (moderate

innovation)

IP #29

Pneumatic

and hydraulic

Sucks in water from the

glass window

Similar solution as IP #19

Eliminate wiper system

Similar solution as IP #19

Feasible (radical

innovation)

IP #18

Mechanical

vibration

Ultrasonic cleaning

Same as IP #28

Eliminate wiper system

Similar solution as IP #28

Feasible (radical

innovation)

IP #26

Copying

Use bracket made of

lightweight polymer

Need technical validation

and testing

Feasible (minor

modification)

IP #39

Inert

atmosphere

Introduce a system that

changes water into gas

Eliminate wiper system Feasible (radical

innovation)

IP #40

Composite

material

Use composite material

on metal and plastic parts

Need technical validation

and testing

Feasible (minor

modification)

IP #2

Taking out

Take out the bracket and

use the body structure as

support

Eliminate bracket and

wiper needs to work

Harmonically

Feasible (moderate

innovation)

IP #27

Cheap short

living object

Not available The bracket cannot be

used within a short

period of time

Not feasible

IP #3

Local quality

Make the bracket/body

structure part of the linkages

to move wiper or

Similar with IP #2

Need technical validation

and testing

Feasible (moderate

innovation)

IP #9

Preliminary

anti-action

Glass surface filled with water Further mechanism to

sustain the water on top

of the glass

Feasible (radical

innovation)
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concept solutions which provided significant impact to their respective scope of

work. The wiper bracket was changed to a new design, focused on better weight

reduction and lower cost without compromising on its performance. However, the

design engineer needed to consolidate and refine the concept into a real practical

product which met the target cost and brought new innovation into the wiper

system. Other concepts which were considered less feasible to implement due to

time taken for development or exceeding the target cost were kept in a database for

innovation research and development.

The wiper bracket was segmented into three parts. The middle part which was

bigger in size was substituted with a hollow shaft. The rest of the part was modified

to integrate with the hollow shaft. Another moving wiper bracket was also

redesigned based on a similar concept. Plastic material was introduced into the

new system in less critical functions, and metal bush was substituted with a special

polymer bush which had better performance and reliability. The rest of the com-

ponents were transferred to the new system such as the wiper motor, which enabled

the cost to be reduced further. The final concept was developed at the prototype

level and underwent testing and validation of part performance. Figure 13 shows

the existing wiper system and Fig. 14 shows the new wiper system.

The results from this approach achieved 75.3% in weight reduction, which was

equivalent to 1.13 kg from the current design. The result of the weight reduction

using TRIZ methodology produced a better outcome compared to the optimization

approach which was supported by CAE software. Table 3 shows the weight of the

wiper bracket for the existing and the new improved design. The improvement of

the wiper system would continue as there were many solutions generated by the

cross function team using TRIZ which require a longer time and adequate resources

to move forward in product innovation.

Not            

feasible

Medium    

cost

High    

cost

Low    

cost

High 

feasibility

Moderate 

feasibility

28

19

13

29

18

26

40

9

2

3

27 39

10Recommended Inventive Principles 35
1

8

Fig. 12 Recommended inventive principles through technical and commercial evaluations
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5 Conclusion

The main objective of DTC is to focus on achieving a planned target cost at the

initial stage of design. One of the critical steps to achieve effective DTC is to

translate a design or technical parameter to a cost parameter. However, in the

Fig. 13 The current wiper

link system

Fig. 14 New wiper link

system with minor design

modification

Table 3 Weight optimization and TRIZ design solution

Level of bracket design Total weight (kg) % of weight reduction

Current design 1.504 –

Optimized design 1.172 22.1%

Adopting TRIZ inventive solution design 0.371 75.3%
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process of achieving the target cost, there are quite a number of conflicting

requirements such as bringing the cost down to a minimum without compromising

on the design performance of the product. Currently, there are many methods and

improvement concepts used in DTC phases, such as prioritization, idea generation,

idea evaluation, and implementation. Among these tools, trade-off will be the most

important tool used in DTC to achieve the optimum level of cost reduction against

other parameters such as product performance. This chapter has presented a DTCI

framework which integrated TRIZ in DTC processes and broke away from being

highly dependent on trade-offs. A project case study was discussed. It addressed the

cost problem by way of material weight reduction on an existing system. The

outcome showed that TRIZ has elevated DTC by producing better value in solving

DTC’s problem compared to the trade-off method such as optimization. Further-

more, TRIZ has enabled the cross function team of DTC to enhance their product

innovation for future development from an existing system, a new system, or an

advanced system. The DTCI framework is expected to solve the contradiction

between achieving the target cost and enhancing the level of innovation.
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The Effectiveness of TRIZ Tools for Eco-

Efficient Product Design

Issac Sing Sheng Lim

Abstract Eco-efficiency is a now necessity in view of rapidly depleting resources.

Existing eco-efficiency tools provide standards and guidelines in developing prod-

uct specifications that would have lesser environmental impact. However, there is a

gap between setting those eco-efficient design targets and having the ability to

achieve them. This research proposes the usage of tools based on the theory of

inventive problem solving (TRIZ). The effectiveness of a variety of TRIZ tools in

the eco-efficiency improvement of products will be studied. TRIZ tools such as the

39 Engineering Parameters, Contradiction Matrix, 40 Inventive Principles, Func-

tion Modelling, Trimming, Substance Field Modelling and 76 Standard Solutions

are used in this research. A new tool termed the Eco Ideality Chart is also developed

and used in this research. These tools were applied on actual products in collabo-

ration with an electronics company. Three products which are a signal booster,

streetlight and turnstile form the case studies. The design solutions developed by

the company without the TRIZ tools were compared with the TRIZ-based solutions.

It is observed that the TRIZ-based solutions did improve the eco-efficiency of the

products. The product’s functionality was increased with either the same or lesser

resources. This research has shown the potential of TRIZ tools in the development

of more eco-efficient products.

Keywords Eco-efficiency • TRIZ • Product design

1 Introduction

This research chooses to focus on the eco-efficiency of product design. In exact

definition, eco-efficiency is achieved through the delivery of competitively priced

goods and services that satisfy human needs and bring quality of life, while

progressively reducing ecological impacts and resource intensity (Lim and Teoh

2010). The goods and services can be represented by products. Product function-

ality and ecological impact are determined by its design. The design stage of the
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product development determines the impact that the product will have throughout

its life cycle to the environment.

The term eco-efficiency is originally coined by the World Business Council for

Sustainable Development (WBCSD). Just like majority of the existing sustainabil-

ity tools, eco-efficiency highlights the key areas where development can be done

sustainably. The unique feature about the eco-efficiency approach is that it is

developed and practised by companies within the WBCSD. Furthermore these

companies are household brands that have a global reach in terms of their products

and services. By being industry driven, the guidelines and standards proposed in

eco-efficiency are more practical.

Overall, the philosophy of eco-efficiency is represented by seven elements. The

first three eco-efficiency elements are on the reduction of material and energy and

toxic dispersion. The following four eco-efficiency elements are on the increase of

renewable resource usage, durability and service intensity.

All seven of the eco-efficiency elements are beneficial in identifying areas of

improvements. Product specifications can be determined in the early stage of design

to incorporate as many of the eco-efficiency elements. Currently more product

design approaches are into setting more specifications that are oriented towards

eco-efficiency (Russo et al. 2011a). These eco-efficiency elements are good guide-

lines on setting design targets. However, there is a lack of any guideline on how to

achieve those targets.

An inventive problem-solving methodology known as the theory of inventive

problem solving (TRIZ) is proposed in this research to assist the design of

eco-efficient products. TRIZ is well established for overcoming contradictions

and not compromising them. Likewise, there should not be a compromise on the

ecological impact in pursuit of product functionality. TRIZ could be used to design

more eco-efficient products. In fact, the first person to propose this is Genrich

Altshuller who is the founder of TRIZ together with his research partner Michael

Rubin back in 1991 (Shulyak and Rubin 1999).

The TRIZ tools used in this research work are those that are widely known and

used. Some of the tools are meant to be used with each other in complement.

Therefore, the tools are grouped into three sets. In the first set, the tools are the

39 Engineering Parameters, Contradiction Matrix and 40 Inventive Principles. For

the next set, the tools are Function Modelling and Trimming. As for the final set, the

Zone of Conflict, Substance Field Modelling and 76 Standard Solutions are the

tools. All three sets of tools are used to develop systems with higher eco-efficiency.

The eco-efficiency improvements of systems are demonstrated through actual

product case studies. A microelectronic company is engaged as the industrial

research collaborator. This engineering-based company designs, develops and

manufactures its own products. The role of the TRIZ tools in the improvement of

the eco-efficiency in all three of the product case studies will be described.
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2 Literature Review

There are pockets of research activities that are going on in relation to applying

TRIZ in eco-efficient product design. The latest journals and conference papers

related to this research topic have been reviewed. A summary of the 30 most

relevant journals are summarized in the Table 1. The latest trends of the research

related are identified and further explained in subsequent sections.

2.1 Tool Research Frequency

The TRIZ methodology consists of many tools. The frequency percentages of the

various TRIZ tools used in eco-efficient research work are obtained by reviewing

the latest related publications. Only journal and conference paper publications were

considered as those are peer reviewed. As seen from Fig. 1, it is observed that not all

of the tools are of similar popularity.

The tool which is most frequently researched on is the set of 40 Inventive

Principles. At least 42% of the total past research in eco-efficiency and TRIZ has

used this tool. It does not come as a surprise as this tool is the most popular tool ever

developed by the founder of TRIZ, Genrich Altshuller. There are multiple reasons

for its popularity. The main reason is the tool’s ease of use.
From the graph, it is observed that the more advance TRIZ tools are researched

upon less. The advanced tools often require in depth knowledge and experience in

using them. Therefore, not many researchers are equipped to apply them in

research.

This research attempts to apply more TRIZ tools that previously conducted

research works. All of the tools shown in the graph in Fig. 1 will be part for this

research except for the 9 Windows, trends of system evolution and the algorithm of

inventive problem solving (ARIZ).

2.2 Sets of Tools

Almost 90% of the researches show that multiple TRIZ tools are used. This means

that only TRIZ tools are meant to be used together. An average of 1.7 TRIZ tools

have been used in each of the existing eco-efficiency related design research work.

The most common tools used together are the 39 Engineering Parameters, Contra-

diction Matrix and the 40 Inventive Principles. Among the research work that

utilizes multiple TRIZ tools, 30% have chosen this set. For this research, more

sets of tools will be used.
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2.3 New Tools

A quarter of the latest research work on eco-efficiency and TRIZ introduces new

tools. Most of these new tools are hybrids between eco-efficiency and TRIZ tools.

This research also will use a new tool which is based on Ideal Final Result. The tool

is being developed to qualitatively gauge the eco-efficiency of solutions.

2.4 Case Study

More than 80% of the researches include case studies to enhance the findings of the

research done. Case studies are effective in showing results that will support the

claims of the research work. As seen in Fig. 2, product case studies are more

popular choices compared to process or business model case studies. All three

types of case studies can be eco-efficiently improved. In this research, the focus is

on product case studies.

The case studies involved in this research work is in collaboration with a

microelectronic company which designs and develops its own products. Therefore

the case studies are based on actual products that are being developed by the

company.
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3 Methodology

In this research, both existing and newly developed TRIZ tools are used. The

existing TRIZ tools are selected to eco-efficiently solve the design problems in

the case studies. The eco-efficiency of the developed solutions is then gauged with a

new iteration of a TRIZ tool. This tool is called Eco Ideality Chart.

The case studies selected for this research is in collaboration with a company

which designs and manufactures its own electronic products. Hence, the company

has full control on the product development process. The case studies chosen are

related to actual products which have design problems. This research is conducted

to observe if TRIZ tools can be used to develop solutions that deliver better product

functionality and at a lower resource consumption.
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3.1 TRIZ Tool Selection

From the literature review, it is observed that TRIZ tools have often been used

without any specific sequence. Different TRIZ tools are effective in the different

areas of problem solving. This research proposes the categorization of these areas

into problem identification, problem exploration, solution generation and finally

solution selection.

Each area of problem solving if done right will contribute towards a higher

eco-efficiency for the final solution. For this research, the problem-solving steps in

the case studies can be categorized into problem identification, problem exploration

and solution generation. Each step uses different sets of TRIZ tools as summarized

in Table 2. The role of each of the tools in increasing the eco-efficiency of a system

is also described further.

3.1.1 Problem Identification

Determining the right problem to solve in the beginning of product design is

important. The 39 Engineering Parameters, Function Analysis and Zone of Conflict

assist in determining the actual root cause of the problem that needs solving.

39 Engineering Parameters The Engineering Parameters assist the establishment

of a technical contradiction statement. It focuses the product developer to consider

what parameter will worsen when another parameter is improved. Instead of

optimizing to a compromise between the parameters, the contradiction needs to

be removed.

Often times, when a product is designed to be eco-efficient, its functionality is

compromised. Likewise when the functionality is increased, the eco-efficiency is

compromised.

Function Type The overall functionality of a product relies on the sufficient

functional interaction between the components. Components that are performing

functions excessively are wasting resources and therefore should be reduced. On

the other hand, functions that are insufficient or harmful will impede product

functionality.

Table 2 Grouping of TRIZ tools for the case studies

Case study

Problem

identification Problem exploration

Solution

generation

Solution

selection

Signal

booster

39 Engineering

Parameters

Contradiction

Matrix

40 Inventive

Principles

Eco Ideality

Chart

Streetlight Function Analysis Function Modelling Trimming Eco Ideality

Chart

Turnstile Zone of Conflict Substance Field

Modelling

76 Standard

Solutions

Eco Ideality

Chart
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Sufficient functionality translates into efficient resource usage. Eco-efficiency of

an overall system depends on the eco-efficiency improvements at the subsystem

level.

Zone of Conflict The Zone of Conflict is the location where there is both the useful

and also the harmful operating zone (Yeoh et al. 2009). It is the location in which

the problem should be solved. Solving problems in just the useful or harmful zone

might not be sufficient.

It is very often that the right solution could not be found because the problem

was not the right one to begin with. This leads to the search for solutions for the

wrong area which leads to more wasteful iterative steps.

3.1.2 Problem Exploration

Once the right problem has been identified, further exploration should be done on

the problem. It is critical not to rush into developing solutions without a deeper

understanding of the problem. The Contradiction Matrix, Function Modelling and

Substance Field Modelling are able to provide different perspectives of the problem

in the supersystem, system and subsystem level.

Contradiction Matrix The Contradiction Matrix recommends the most suitable

Inventive Principles to each pair of contradicting Engineering Parameters. It is

possible to consider multiple contradictions related to a single problem.

A contradiction might occur before or after the product is designed to be

eco-efficient. When a system is designed to be more eco-efficient, there bound to

be multiple contradictions. These eco-efficiency contradictions can be correlated to

the Contradiction Matrix.

Function Modelling The Function Model will map out the interaction of all the

subsystems and supersystems. Together with the Function Analysis, a complete

understanding of the actual functional interactions that occur can be achieved.

Often times a new subsystem is introduced into a system to perform or improve a

function. It is possible for any of the existing subsystem or supersystem to be used

instead. With increased functionality and lower resource consumption, the

eco-efficiency of the system is improved.

Substance Field Modelling A Substance Field Model shows the specific interac-

tion between two subsystems. The functional interaction can either be sufficient,

insufficient or harmful. The function field is also determined to be either of

mechanical, thermal, chemical, electrical, gravitational or magnetic.

The types of functional interaction will determine the right solution that will be

implemented. It is desired for the Substance Field interactions to be sufficient to

ensure that the product’s functionality is maintained or even improved.
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3.1.3 Solution Generation

Conventional problem-solving method solely involves trial and error within the

domain of expertise of the problem solver. Besides tools to identify the right

problem and to explore the problem at a deeper level, TRIZ also consists of tools

that suggest inventive solutions. The tools used in this research are the 40 Inventive

Principles, Trimming and the 76 Standard Solutions.

40 Inventive Principles All patents represent solutions that have been developed to

solve problems. The Inventive Principles are the synthesis of patents. Therefore the

principles are proven solutions.

The Inventive Principles used to develop eco-efficient solutions are then proven

as well. This means that lesser trial and error will be done. Wastage of resources is

then prevented.

Trimming The purpose of Trimming is either to remove or to replace a subsystem

(Yeoh 2014). The replacement can either be an existing subsystem or supersystem.

Besides that, the replacement can be the introduction of a new subsystem.

Trimming is done on subsystems that perform inefficient, excessive or harmful

functions. This ensures that the functionality of the overall system is sufficient. The

system is kept minimally simple yet functional with continuous Trimming.

76 Standard Solutions All of the Standard Solutions are categorized into five

classes. The different classes of standard solutions are meant to solve different

types of substance field interaction.

The standard solutions generally recommend minimal change to the system in

solving a problem. By following the suggestion on the Standard Solutions, lesser

resources are needed to achieve a product functionality.

3.1.4 Solution Selection

In this research, the effectiveness of each TRIZ tool in developing an eco-efficient

product is gauged with actual product case studies. To evaluate the eco-efficiency

of the solution, a graphical representation of TRIZ’s concept termed the Ideal Final

Result is developed as shown in Fig. 3. It is termed as the Eco Ideality Chart.

Solutions that have higher functionality and lower resource consumption are

desired.

The purpose of the chart is to provide a simple qualitative eco-efficiency

comparison of the previous and newly developed product. Ideal Final Result is

about developing solutions with higher functionality at the least amount of cost or

harm. The terms cost and harm are represented as resource consumption in the Eco

Ideality Chart. There is consumption with usage and also harmful damage of

resources. This chart provides a simple overview comparison of the solutions

generated during product development.
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4 Results

The effectiveness of TRIZ in developing eco-efficient design is tested through three

product case studies. These case studies were conducted in collaboration with a

microelectronics company that develops its own products.

All of the case studies did not have any design specifications related to

eco-efficiency. They begin with a design problem that needed to be solved. For

each of these product design case study, different sets of TRIZ tools are used to

solve the problems.

In each of the case study, the original solutions developed by the product

development team are first presented. After that the step-by-step explanation of

the TRIZ tools used is provided. Next, the TRIZ-based solutions are also presented.

Comparisons between the two types of solutions in terms of eco-efficiency will also

be discussed.

4.1 Signal Transmitter

The first product case study discussed here is a signal transmitter. Analogue signals

are converted into digital signals and then transmitted using a cable. This enables

integration of analogue and digital systems. Similar products are already available

in the market by other competing companies.

To be different, the company in collaboration with this research developed a

much smaller signal transmitter. It is to be less than a quarter of the existing

product’s size. Not only less material is needed, its size would also mean that it

can be placed in strategic places.

Within the transmitter, heat is being transferred by the electronic components.

The existing transmitter in the market has an inbuilt fan to dissipate the heat.

However as the newly developed product is smaller, a fan could not be placed

inside the product to cool it down. The increased heat affected the performance of

Fig. 3 Eco Ideality Chart
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the product in terms of transmittance quality and speed. Therefore, heat dissipation

has to be improved without a fan.

First of all a contradiction statement is formed using the 39 Engineering Param-

eters. As shown in Table 3, the main parameter that has been improved is the

volume of the transmitter. By improving that parameter, a few other parameters

such as reliability, measurement ability and productivity have worsened.

Based on these parameters, the Contradiction Matrix is referred to. A total of

seven Inventive Principles were recommended by the matrix. From there, four

design solutions were developed.

With Inventive Principle 10 of Prior Action, a thermal tape is placed over the

electronic components that emit the most amount of heat. The thermal tape func-

tions as a conductor that quickly transfers heat away.

Next, Inventive Principle 16 of Partial or Excessive Action was applied on the

selection of the microprocessors. The microprocessors were programmed not to

work at the default maximum capacity at all times. With this, less heat is generated.

With lesser heat generation, the performance of the device would not be adversely

affected.

Finally, two solutions were developed using Inventive Principle 17 of New

Dimension. The circuit board is now designed to be multilayered. Each layer has

the electronic components facing outwards towards the casing as shown in Fig. 4.

Therefore more heat emitted by the electronic components is transferred to the

casing which acts as a heat sink.

A total of four solutions were developed with the aid of the 39 Engineering

Parameters, Contradiction Matrix and 40 Inventive Principles. All of the solutions

were implemented in the final product.

4.2 Streetlight

The second product case study covered is the streetlight. Conventional streetlights

use high-pressured sodium lamps. The newly developed streetlight uses light-

emitting diodes (LEDs) as they are more energy efficient. Though the streetlight

is more energy efficient, the lifespan of the LEDs were shortened due to the high

operating temperature.

Table 3 Contradiction Matrix for the signal booster case study

Improving parameter

Worsening parameter

27.

Reliability

37.

Difficulties of detecting and

measuring

39.

Productivity

8.

Volume of stationary

object

2, 16, 35 2, 17, 26 2, 10, 35, 37
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For cooling, the current design is using aluminium cooling fins. The cooling fins

are attached to the LED circuit board to direct heat away. Larger fins correlate to

more heat dissipation. However with larger fins, the total weight exceeds the

allowable load that can be held by the streetlight pole.

A Function Model of the streetlight is developed as shown in Fig. 5. The

functional interaction between the main components was also identified. While

the housing of the LEDs could sufficiently hold the circuit board and cooling fins in

place, the pole insufficiently holds the extra weight of the total housing weight that

includes the cooling fins. Even though more cooling fins are used, the LED circuit

board is still insufficiently cooled. Thus reducing the lifespan of the LED.

Since the cooling fins insufficiently performs the cooling function and causes

excessive load, it is to be trimmed. Instead of optimizing the cooling fins, a new

lightweight component that could cool down the circuit board should be searched.

A market search has led to the identification of a newly developed material that is an

excellent heat conductor and also lightweight.

The material is graphite and it is being marketed in the form of sheets. A proof of

concept was established to indicate the suitability of the graphite sheet for appli-

cation in this product. The graphite sheet did reduce the temperature of the LEDs.

The overall weight load for the streetlight pole is also met. Therefore, all of the

functions between the components are sufficient as shown in Fig. 6.

4.3 Turnstile

In the final case study, a turnstile will be discussed. Turnstiles function as gates to

control large human traffic flow at entrances to both open and close spaces. Instead

of being manually operated, turnstiles are now fully automated. Fully automated

turnstiles are a common feature especially in modern business buildings. The

company in collaboration in this research has also developed a new type of turnstile.

In contrast to the standard turnstiles which are available in the market, it is designed

to be compact and lightweight.

During the pilot testing of this new turnstile, a design problem was detected.

Inside the turnstile casing, there are two circuit boards that are facing each other.

The top circuit board contains infrared transmitters, whereas the infrared receivers

Fig. 4 Cross-sectional area

of the signal booster
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are at the bottom circuit board. Both types of transmitters should not be in contact

with each other and should always be parallel to enable the transmission of signals.

The signals are used to control the opening and closing of the turnstile flaps.

However, the top circuit board is found to be tilted. The tilt is caused directly by

the rotating shaft of which the top circuit board is attached to. This alters the

position of the infrared transmitters and receivers. Thus, affecting the product’s
ability to open and close the turnstile flaps.

It is not possible to place the circuit boards further away from each other as the

height clearance inside the casing is very limited. Also, no major change of

components is allowed. An immediate solution is needed to solve flap movement

problem.

Initially the focus of the problem was on the tight area between the lower casing

and the shaft. Due to the casing being very thin, it could not hold the shaft in

position. There are conceptual solutions developed by the engineering team without

using TRIZ. It was proposed that the lower casing be made thicker so it could grip

Fig. 5 Function model of

the original streetlight

Fig. 6 Function model of

the new streetlight

48 I.S.S. Lim



and hold the shaft in position. Alternatively, a ring was proposed to be soldered to

the bottom of the casing where the shaft enters. This could not be applied as there

should have enough clearance to allow the shaft to rotate within the ring’s centre.
Both solutions could not solve the problem and they incur extra costs.

With TRIZ, the Zone of Conflict was found to be the space between the two

circuit boards. The space is useful for transmission of signals, but it causes harm as

it allows the infrared transmitters and receivers to have contact. Therefore a

solution was focused on this area instead of the shaft.

In Fig. 7, Substance Field Analysis shows a harmful interaction between the

infrared emitter and receiver. Then, the 76 Standard Solutions is referred. As the

Substance Field is of harmful interaction, Class 1.2 was referred. Immediately the

Class of 1.2.1 tells that an extra substance is needed to block the harm between the

original two substances.

A cost-effective and instantly applicable solution was developed in the form of a

silicone rubber piece. The silicone rubber is placed in between the top and bottom

infrared circuits as shown in Fig. 8. This piece acts as a stopper that prevents the top

circuit board from tilting downwards. Instead of redesigning the shaft and casing

design, this stopper can be fixed instantly at almost no cost as it is very cheap.

5 Discussion

There were two types of solutions being presented in each of the case study. The

first being the original solution and the second is TRIZ based. Different observa-

tions are made for both types of solutions. These are three main observations of the

original solutions by the product developers in the collaborating company.

Fig. 7 Substance-field

model of the turnstile’s zone
of conflict
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Followed on by each of this observation, the TRIZ-based solutions are described to

highlight the differences between them.

Firstly, there are solutions that can solve the problem but with the usage of more

resources. This is shown in the case study on the signal booster. The heating

problem is originally solved using a fan which is an extra component to the product,

and it consumes more power to operate. With the recommendation of the Contra-

diction Matrix, a few Inventive Principles were used to develop a few solutions.

The solutions developed increased the cooling functionality without a fan.

For the second observation, the solutions proposed could not improve the

existing system. The solution performs the same level of function but with more

resources. This is depicted in the usage of more cooling fins for the streetlight.

There are limitations to the amount of heat that can be dissipated efficiently by the

cooling fins. Hence, more resources are consumed to achieve the same level of

functionality. Instead of focusing on optimizing the aluminium cooling fins, the

Function Model of the streetlight has led to the trimming of the fins. Graphite sheets

are used to dissipate heat instead. Lesser resources are used as the graphite’s heat
conductivity to weight ratio is higher than that of the aluminium cooling fins.

Finally, the third observation made is that it is possible to develop solutions that

are worse than before. A bad solution aggravates the problem further and consumes

even more resources. In preventing the rotating shaft that holds the flap doors of the

turnstile from tilting, the original solution was to make the cover thicker and

introduce a ring. However, the shaft does not have enough clearance to rotate.

Hence, a new problem occurs and more resources are used. With the suggestions

from the 76 Standard Solutions, a simple rubber stopper was placed at the right Zone

of Conflict. The turnstile’s functionality improved significantly at almost no cost.

Infrared Transmitter

Zone of 
Conflict

Rotating Shaft

Lower Casing

Circuit Board

Upper Casing

StopperInfrared Receiver

Fig. 8 Cross-sectional view of a part of the turnstile
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Overall, the TRIZ-based solutions are more resource efficient relative to the

previous system. More importantly, the TRIZ-based solutions improve product

functionality by solving contradictions instead of optimizing. Hence, the new

systems are more eco-efficient as tabulated in Table 4 and as shown through the

Eco Ideality Chart in Fig. 9. Without TRIZ, there will be higher consumption of

resources. Even with more resources, product functionality might not necessarily

increase and might be worsened. Therefore through the case studies, the different

levels of eco-efficiency of non-TRIZ and TRIZ-based solutions can be compared.

6 Conclusion

The design of a product will determine its functionality and also environmental

impact through the resources consumed. Eco-efficiency is the ratio between the

product’s functionality and impact to the environment. In this research, three actual

industrial case studies have been conducted on a signal booster, streetlight and

Table 4 Function and resource consumption comparison

Case

study

Function Resource consumption

Without TRIZ With TRIZ Without TRIZ With TRIZ

Signal

booster

Boosts and sends

signal (function

improved)

Boosts and sends

signal (function

improved)

Cooling fan

(resource con-

sumption

increased)

Fanless

(resource con-

sumption

reduced)

Streetlight Cools circuit board

(function

maintained)

Cools circuit board

(function

maintained)

More cooling fins

(resource con-

sumption

increased)

Graphene sheets

(resource con-

sumption

reduced)

Turnstile Opens and closes

door incompletely

(function worsened)

Opens and closes

door completely

(function

improved)

Metal ring and

clamp consump-

tion increased)

Silicone stopper

(resource con-

sumption

reduced)

Fig. 9 Eco Ideality Chart

for the case study solutions
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turnstile. Solutions using and not using TRIZ were described in detail. TRIZ not

only solve design problems effectively but also it solves them more eco-efficiently.

As shown in the Eco Ideality Chart, the solutions developed based on TRIZ are

more eco-efficient. Though the eco-efficient products have not reached the Ideal

Final Result, they are a step closer towards being resource independent. This

research work highlights that the various classical TRIZ tools are effective in

solving design problems and also in improving product eco-efficiency.
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Using Enhanced Nested Function Models

for Strategic Product Development

Horst Th. Nähler and Barbara Gronauer

Abstract TRIZ provides excellent tools for designing customized problem-

solving and product developing processes and algorithms. Strategic decisions can

furthermore be strengthened by tools still in development and under research, as the

Trends of Engineering Systems Evolution and their underlying mechanisms. One of

the difficulties when using TRIZ tools is the large number of possibilities for using

and combining them for the best effect. Especially during the analysis phase, a lot

of information has to be gathered that leads to problem models and task definition

for later problem solving. To expand the usage of analytical tools for strategic

decisions for long-term disruptive innovations or short-term incremental innova-

tions, this chapter proposes a scientific approach that is based on the Theory of

Inventive Problem Solving and its findings. The described procedure helps compa-

nies to find the right long- or short-term decisions:

(a) They can check when their product might be eliminated from the market by

following products and new settings and define indicators for long-term deci-

sions, what the next products could be;

(b) Similar to the forecast procedure the incremental way of further product

development can also be checked and with this overview the development

steps for the R&D, production, and sales departments can be better planned.

The approach combines proven tools like Function Analysis with a new

approach for modeling complex engineering systems (Nested Function Models),

9-Screen Models, S-Curve Analysis, and the Trends of Engineering System Evo-

lution. This chapter examines the interactions between components on different

system levels, the use of the model in conjunction with trimming, and the integra-

tion of the Multi-Screen Approach for developing a basis for strategic product

development decisions. Furthermore, the possibilities of connecting Trends of

Engineering Systems with this approach are explored. The suggested approach is
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aimed at creating an extensive, multilevel product map that combines the benefits of

several classical TRIZ tools. It also creates a base for strategic decisions linked to

problem-solving opportunities on the operative level.

Keywords Strategic Planning • Foresight • Function Model • 9-Screen Model •

Trends of Engineering System Evolution • Systematic Innovation • TRIZ

1 Introduction

One of the aspects that draw people to the Theory of Inventive Problem Solving is

the analytical approach to inventive problems on one hand and on the other hand to

get an idea about the life cycle of their product and the next big development steps.

Having a structured way of exploring an engineering system, revealing its

shortcomings, and extracting current limits that prevent the system to develop

further are the main benefits of TRIZ.

The experience from several industrial projects and feedback from practitioners

gathered on conferences brought up the need to be able to assess a complex

engineering system (Cavallucci et al. 2014; Nähler et al. 2012) with Function

Analysis without the need to focus on a certain system component or to model

the system on a too general high level. Instead of creating a number of single

Function Models for each desired abstraction level, an expansion of the Function

Model is proposed, in which function models are nested inside each other to create a

complete model of an engineering system from a high abstraction level down to

each part on the lowest abstraction level.

The proposed approach to create such “Nested Function Models” for complex

systems is also capable to serve as a strategic tool, as it creates a complete product

map for any engineering system. The combination with other strategic tools like

S-Curve Analysis and the Trends of Engineering System Evolution (TESE) seems

useful. The 9-Screen model serves as a starting point and a connecting, underlying

structure for the creation of a product map that integrates nested function models,

S-Curve Analysis, and TESE.

This chapter proposes the combination and integration of well-known and

proven TRIZ tools without violating the rules and directions for their application.

Thus, users who are familiar with the body of knowledge of TRIZ can benefit

directly from the approach described in this article regarding the following aspects:

1. Greater confidence for planning future product generations

2. Gain of time for development decisions

3. Assessing an engineering system in its entirety

4. Focused development of customer value with respect to the S-Curve
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2 The 9-Screen Model as a Generic Product Map

As a universal scheme to structure the composition of an engineering system in the

context of its past and future, this classical TRIZ Tool is easily adopted by

engineers. Its straightforward approach makes it extremely useful to accomplish

numerous tasks: from creating future product concepts and usage scenarios to

identifying new business opportunities or making strategic decisions on an enter-

prise level (Souchkov 2014; Altschuller 1998; Altshuller 2000) (Fig. 1).

2.1 The Vertical Axis of the 9-Screen Model

The vertical levels of the 9-Screen Model represent the structure of an engineering

system with its components (subsystems) and defines its boundaries to surrounding

or neighboring systems (supersystems).

The middle screen—the system that is to be assessed—has to be defined by the

user. This demarcation of the system and surrounding systems also sets the per-

spective about the components that make up the system.

It is obvious that the 9-Screen Model can be expanded in the vertical to represent

hierarchical structures, similar to assembly trees in CADmodels. Subsystems might

also contain sub-subsystems and so on. As a necessary step within Function

Analysis, the Component Analysis results in similar schemes as the 9-Screen

Model, making it easy to combine the two tools.
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Fig. 1 9-screen model
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2.2 The Horizontal Axis of the 9-Screen Model

While the vertical axis shows the arrangement of the system, the horizontal axis

represents the timeline related to either the system’s history and future or the

“Operating Time” during which the problem happens and the time before and after.

Using the 9-Screen Model in strategic context, we can assess every system, big

or small, and research and describe its history as well as the evolution of relevant

supersystems and system components. So no matter how deep we go down into a

product hierarchy, each subassembly and part has its own history and future. This

aspect enriches the approach of the Nested Function Model described below.

3 Nested Function Models

Usually the function analysis process begins with a component analysis, where the

system level and thus the abstraction level are defined. The criteria to make a

decision on the choice of an appropriate abstraction level depends on the projects’
goals and the intended outcome. Problem Solving on the level of a subassembly or a

single part of the system might result in a low level of abstraction and therefore a

refocus and redefinition of the term “system.” Usually, it is not recommended and

not practical to model a complete System using all of its single parts as components,

as the resulting function model becomes increasingly cluttered and confusing

(Training Material MATRIZ 2006, 2010) (Fig. 2).

To overcome this drawback, it is suggested to use the 9-Screen philosophy and

look at each component as a “box” that again contains components, which might

Fig. 2 Generic function model structure
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again consist of several subcomponents. We are then able to build function models

for each component and nesting them to generate a hierarchical structure (Fig. 3).

Following this process we can generate a complete product map without

cluttering it, as we can chose which component or system to assess. We can also

track down the components on a low abstraction level which are involved in the

main function on a high product level. This enables us to recognize if main function

(s) are affected by changes on (sub-. . .) subsystems.

Furthermore, it is possible to delegate the work of generating function models of

subassemblies to different teams and then “plug” the single models inside each

other to complete the product map (Fig. 4).

Fig. 3 The nature of refocusing according to 9-screen model: When component 4 is considered

the system, each of the other components becomes supersystems and parts of component 4 become

components of the system
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3.1 Where to Start the Model?

In Function Analysis, the first step necessary is to define the system, its components

(subsystems), and supersystems. Of course, we can start the Nested Function Model

on each hierarchical level, but it is recommended to start from the perspective of the

Product, e.g., the whole product that is sold to customers. When dealing with

systems on a bigger scale (e.g., a power plant) the question generally can remain

the same: Which system generates an output that creates a value for the customer?

Also, the modeling scope varies with the purpose of the analysis. For incremen-

tal “optimizations” or small-scale innovations, a thorough analysis of the subsys-

tems of a product is important while high-level, disruptive innovations need an

extensive consideration of the supersystems. Depending on the task, the focus is set

on either subsystems or supersystems.

3.2 How Many Hierarchical Levels Should Be Considered?

If incremental development of a product is desired, in most cases the analysis of the

subsystems is a top priority. But if we need to assess complex systems, e.g., a whole

car, the product considered might be made up of a huge number of single

Fig. 4 “Nested” function model for a product with several subassemblies
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components/parts. Of course, we are not limited with regard to the “last” or deepest

system level to model. When modeling an electronic device, we certainly can go

down to the components of the capacitor or resistor or even down to the chemical

components of the dielectric. Practical considerations should guide the user here.

Usually, stopping at single parts that are bought from a supplier as the last level of

the Nested Function Model is a good practice. Also, subassemblies that are acquired

from system suppliers might be a good indicator not to go into further detail (except

a combined effort to develop the subsystems in cooperation with the supplier is

desired).

If the aim is to achieve disruptive solutions, it is necessary to do a function model

with more supersystems taken into consideration. It is highly recommended to

assess the whole process in which the product is embedded with all systems

involved. For disruptive concepts, these supersystems are of great value while

sub-(sub-)systems might quickly be rendered unnecessary when a completely

new technology is used in a disruptive solution.

3.3 Thoughts on Main Functions

During this component Analysis, it is necessary to formulate the Main Function.

Following the definition, the Main Function acts on the Target and represents the

“reason”why the system has been created or what the system actually does (Hentschel

et al. 2010). Following the rules of TRIZ Function Analysis (Training Material

MATRIZ 2006, 2010), the target is always to be found in the supersystem or the

“neighborhood” of the system, so when we use Nested Function Models, the main

function of each subassembly acts on a component of a higher system hierarchy.

Throughout the Nested Function Model, we need to define the Main function of

each sub- or sub-sub-assembly down to each single part.

3.4 Defining the Time frame for the Nested Function Model

According to TRIZ, defining the Operating Time is good practice (Altshuller 2000).

As a starting point it is suggested to look at the time when the system carries out or

delivers its Main Function (Koltze and Souchkov 2011). As the Nested Function

Model mainly deals with strategic evaluation, (exclusively) modeling problem

situations is not a primary focus.

The point in time or the time frame chosen should be consistent throughout the

levels of the Nested Function Model. One problem arises when different usage

scenarios are possible and the product can be used in different situations. In these

cases, it is useful to define those usage scenarios and build a model for each of them.

Many systems contain subsystems that only exist to act during specific situations

or usage scenarios. In Function Models, we can easily identify these components, as
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they are only “receiving” actions during the “normal” use of the system and are

therefore only Function Objects. Those cases might be problem situations (e.g.,

emergency siren: During the normal use of a machine, the siren does not “emit” any

action and is therefore not function carrier, it is only an object) or a handling robot

inside a processing machine that is active only during specific operations.

Of course, we can always ask the question: “What is the time when the main

function of the (e.g., emergency- or handling-) subsystem is carried out?” and

model these time frames. This would usually lead to an inconsistent definition of

the time frame and it would clutter the Function Model because components on

higher system hierarchy might behave differently in those situations as well.

4 Enhancing Nested Function Models with the Time Axis

As described in Sect. 2.2, looking into the history of each Subsystem enables us to

assess each component with regard to possible future developments. If a Nested

Function Model already exists, the definition of supersystems and subsystems is

already at hand. We should then be able to research past versions of the “system”

under evaluation, or if the system has been nonexistent in the past and has been

added to increase functionality. Also, we can see which “past components” have

been trimmed and to which components, e.g., on a higher hierarchical level, the

main functions have been transferred to.

Additionally, we can even model past versions of each component (system or

subsystem or sub-subsystem. . .) and therefore create a functional evolutionary map

that gives us an overview of the structural evolution of the system (Fig. 5).

Fig. 5 Function model of past and present system. Changes: Past supersystem 3 is not existent

today, component 3 has been added, interactions between component 4 and supersystem 2 and

between supersystem 1 and component 1 have been added
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For the horizontal aspect of each “box” of the Nested Function Model, we can

define several key points in time representing significant development stages of the

component evaluated. If modeled on all hierarchical levels, these points in time

automatically synchronize throughout the hierarchical structure of the Nested

Function Model, as past components on one system level consisted of past sub-

components on a lower system and at the same time supersystems for the compo-

nent have been past versions of the supersystems today (Souchkov 2014).

For each component, future considerations and scenarios can be evaluated.

Future scenarios of subsystems automatically give us clues for the system looked

at, so hierarchical levels cross-feed each other with information about the develop-

ment history.

Trimming expensive components or components connected to disadvantages

can explicitly be used to increase the ideality of the system or each of the sub-

systems. With a Nested Function Model, we automatically have a vast amount of

new possible function carriers and resources from the system and supersystem

levels at hand.

5 What About the Main Parameters of Value?

For each present and past system, component, subcomponent (. . .etc.), we can also

identify Main Parameters of Value (MPV) that have driven the development. A list

of important MPVs can be attached to each “box” of a Nested Function Model.

Furthermore, the main functions throughout the Nested Function Model give

indications of what actually are the MPVs for each component and which sub-

components are influencing the MPVs on a higher system level. If the MPVs are

quantified over the past versions of the systems or components, it might even

resemble an S-Curve development that can be assessed for each component.

6 Connecting the Trends of Engineering Systems Evolution

The Trends of Engineering System Evolution (TESE) are a powerful knowledge

base giving an invaluable amount of known and recurring patterns of the evolution

of system characteristics. The thesis is that these patterns are objective and true for

every engineering system, so they apply to a car as well as to a bolt inside a car

(Training Material MATRIZ 2006, 2010).

If this thesis is true, we can apply the TESE and their mechanisms on each

hierarchical level of the Nested Function Model. Having modeled past versions of

the system, its components, and subcomponents (as described in 4), we can easily

compare the systems or components’ characteristics with the characteristics given

by the TESE. This automatically gives us possible concept ideas for the future, as

we can apply characteristics logically following past developments (e.g., Mono–
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Bi–Poly, 1D–2D–3D. . .) or characteristics that have not shown up in the past.

Additionally it can be evaluated, in which way the change in characteristic

(or “step” of the Trend) increased the MPV. This change will most likely be

quantifiable. For example, the step from a multi-hinged wiper blade of a windscreen

wiper to the current flexible flat-wiper-blades leads to a more even pressure

distribution between blade and windscreen, increasing the MPV “Amount of

water left on windscreen after one wipe.” So going from a system with multiple

flexible links to a completely flexible system and thus following the Trend of

Increased Dynamization leads to a quantifiable change in a system MPV (Fig. 6).

Fig. 6 Identification of TESE mechanisms. This process can be repeated throughout the nested

function model for each subsystem
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7 Case Study Paper Punch

When building Nested Function Models, it is not necessary to formulate new

guidelines as all basic rules for TRIZ Function Modeling apply unchanged. Nev-

ertheless, there are some aspects that are worth to be discussed.

7.1 System Structure Modeled as Nested Function Model

For a simple case study, a paper punch is modeled exemplarily. The focus shall be on

incremental development, so we conduct a more detailed analysis of the subsystems

and limit supersystem assessment to the parts, which directly interact with the punch.

The starting point is the whole system “paper punch” (Fig. 7) with its interactions

with the supersystems paper (target), paper offcut, table, and user (Fig. 8).

On the next hierarchical level, several subassemblies can be identified, such as

base assembly, base cover assembly, punching rod assembly, and handle assembly.

If the “paper punch” is considered as system level for modeling, those would be the

appropriate components for the Function Model (see Figs. 8 and 9).

However, the subassemblies themselves consist of several single parts. If we set

system level to be “base cover assembly,” the components of the system would be

guide, guide rail, and base cover sleeve. Supersystems would then not only be

paper, table, and user, but also the other assemblies like punching rod assembly,

base assembly, and handle assembly (see Fig. 10).

Punching Rod Assembly

Base Assembly

Handle Assembly

Base Cover assembly

Fig. 7 Subassemblies of paper punch

Using Enhanced Nested Function Models for Strategic Product Development 65



The Nested Function Model can now be analyzed in different ways. One

possibility is tracing the components that are involved in carrying out the main

function. For this, an assessment of the model regarding all functions that are

leading to the target is carried out (Fig. 11).

7.2 Enhancing the NFM with the Time Axis

As a predecessor of the paper punch, an “historic” version of the product is

assessed. The time span between the products is approximately 40 years. The old

system consists of the following components: Handle Assembly, Base Assembly,

Mounting Block, Spring, Punching Rod (see Fig. 12).

The Nested Function Model for the old punch might look something like shown

in Fig. 13.

Comparing those two function models side by side shows the changes between

the old system and the new system. Exemplarily, the handle assembly is chosen for

this article (Fig. 14).

It can be seen that the actuator bracket has been trimmed and its function to hold/

move the punching rod has been transferred to the handle plate. Further comparison

shows that the punching rod has developed into a more complex system where the

spring has been combined with each punching rod. In TRIZ terms, the punching rod

acquired components of its supersystem (the spring) and has developed into a more

integrated subsystem of the punch.

Fig. 8 Starting point on level of product/device, e.g., paper punch
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7.3 Using Trends of Engineering System Evolution
to Develop Concepts for Future Products

The Nested Function Model enables us to assess changes made from one system

generation to the other, simplifying the task of using TESE to develop new product

concepts. When we look closer at the base plate, we realize that some components

have been trimmed as a consequence of using new materials; e.g., instead of the

rigid wooden base plate an elastic material is used which is able to wrap around the

base plate and hold the offcuts securely in their compartment. Thus, the offcut

cover, screws, and gasket could be eliminated. This resembles a clear link to the

Trends of Engineering Systems Evolution, as the Trend of increased dynamization

applies here (Fig. 15).

The trends then can be used for idea generation. In case of the base cover, the use

of an electric field to hold/stop the Offcut comes to mind when following the Trend

of Increasing Dynamization. Development stages in between might consist of

material with increased elasticity like rubber or silicone that wraps around the

base plate like a glove and keeps the offcut enclosed even better.

Another application of a Trend can be observed at the component that directly

carries out the main function: The punching rod. Basically, the cutting end of the

rod has not changed much; however, the carving on the old rod is shallow while the

new rod sports a deeper carving, providing a sharper edge for cutting through the

Fig. 9 Function model for paper punch
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paper. In TRIZ terms, this represents a higher degree of dimensionality within the

trend of 1D–2D–3D. A lot of possible variations to develop a more efficient shape

come to mind; e.g., corrugated edges, twisted blade edges, or more asymmetric

shapes could be assessed for their ability to cut through paper more effectively.

Also, the movement of the rod currently happens only along a line (linear up–down

movement). To follow the trend, a rotating movement combined with the up–down

movement could help with the cutting process, maybe combined with a

complementing shape of the cutting end of the punching rod (Fig. 16).

8 Disruptive Innovations: Influencing Factors in 9-Screen

Thinking

When using the Nested Function Models for disruptive innovations, the supersys-

tems play a key role. By taking more supersystems into account and assessing their

interactions, the system “paper punch” is put into perspective and we are able to

Fig. 10 Nested function model for paper punch
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analyze the bigger picture in which the system is embedded. Globalization and the

radical digitization of data already have led to several predictions, according to

which the paper should have been extinct already years ago, rendering “paper

punches” useless. However, this was not the case, still paper is all around and

they are still being sold together with binders, folders, staplers, and so

on. Nevertheless, for a strategic acting, long-term thinking company, the digitiza-

tion combined with cloud services and the resulting ease of availability of data

without paper should clearly be a concern. Paperless archiving and the acceptance

of digital signatures are only a few supersystem changes that influence the use of the

product “paper punch.” According to the Trend of Increased Degree of Trimming

that leads to more ideal systems paints a picture of a paperless and paper punch less

world of the future. Obviously, companies that produce office supplies already have

branched out into the range of digital products.

A simplified representation of extended consideration of supersystems for the

paper punch is shown in Fig. 17.

Fig. 11 Identifying the components involved in the main function
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With this model, several future scenarios could be developed. One of the key

tools of TRIZ is trimming, which in itself is a Trend of Engineering System

Evolution as well. One very important task is to assess the possibility of trimming

the own product, here the paper punch. The three basic rules of trimming bring up

immediate scenarios for the future while corresponding with the Trend of Increas-

ing Ideality:

1. The punch can be trimmed if the paper is trimmed:

The most disruptive trimming rule when applied on the product level. As

described above, more and more institutions and companies try to go paperless.

This results in complete new requirements and strategic reorientation of punch-

producing companies.

2. The punch can be trimmed if the object performs the action on itself:

This trimming rule sparks ideas like pre-punched paper or paper with

predetermined breaking points where the pins of a binder can punch through.

3. The function can be trimmed if a different component can perform the function:

As one option the function might be transferred to the binder, as it already

interacts with the paper.

Handle Assembly

Base Assembly

Spring

Punching Rod

Mounting Block

Fig. 12 Paper punch, actual system, and predecessor
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Of course, the supersystem analysis might as well be conducted for the past

system so that supersystem changes are traceable. When supersystem changes as

well as subsystem developments are continuously monitored, it is less likely that

developments on subsystem level are pushed despite the fact that the system might

Fig. 13 Nested function model of the old punch

Past Handle Assembly Current Handle Assembly

Fig. 14 Comparison of old and new handle assembly
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soon be irrelevant or that the big step into the future eats up R&D budget while

forgetting about incremental improvements to harvest profit on the way. Nested

Function Models are a tool to support those decisions.

When all of the abovementioned aspects are brought together, the resulting

TRIZ Product Map can be very complex and contains a lot of information. For

the sake of the article, the authors present a simplified schematic Map for the punch

example. As a frame, the typical 9-Screen Scheme is used (Fig. 18).

rigid hinged flexible fluids fields

Past: Rigid Base Assembly Current: Flexible Base Cover

Fig. 15 From rigid to flexible. Spotting trends within the nested function model

2D 3D Plane 3D Solid 3D Freeform

Fig. 16 Shape of the old punching rod and the new punching rod and trend of increasing

dimensionality (2D plane to various 3D shapes shown)
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9 Conclusion

TRIZ is often described as a “toolbox” that enhances inventive problem solving.

Usually, the TRIZ tools are punctually applied when problems or limitations arise.

The strategic aspects of TRIZ as the science that describes the development of

engineering systems are usually separated from the operative level. This chapter

connects both approaches by combining several classical TRIZ approaches and

Fig. 17 Paper punch embedded into supersystems

Fig. 18 TRIZ Product Map (simplified) for paper punch
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tools to support strategic product development. The proposed Nested Function

Model with its expansion through the 9-Screen Model, S-Curve Analysis, and

TESE is a possibility to systematically drive the development of complex engi-

neering systems. It bridges the strategic findings of TRIZ with the operative tools

for problem solving to enable a systemic development process for complex engi-

neering systems.

The advantages of the presented Enhanced Nested Function Models are:

1. A complete functional and historical map of a product can be created.

The product map accelerates identification of inventive and innovative potential

through all system hierarchies. S-Curves and TESE Assessment provide guide-

lines and suggestions for future development activities and planning of new

product generations.

2. TRIZ-based problem solving can be quickly initiated on each system level,

because the function models are already at hand.

The impact of changes on subsystem levels can be assessed, and development

activities can aim at an even development of the system.

3. A common and transparent understanding of the whole system is created

between all people involved.

Bottlenecks resulting from functional disadvantages of subcomponents can be

objectively identified and targeted. This accelerates the identification of profit-

able alliances, acquisitions, or potential for internal development.

The functional oriented language of TRIZ especially simplifies the communica-

tion with suppliers concerning formulation of requirements.

4. Communication across departments (and thus “owners” of Subfunction Models)

is objectified as the connection between them can be tracked down to functions

connecting their respective subsystems.

Operational activities in research and development departments can be struc-

tured and planned more systemically, as interconnections between subsystems

become more transparent.

Necessary changes, e.g., closing of production facilities due to upcoming tech-

nological changes or a shift in the company’s expertise, can be planned and

communicated early in advance.

All of the abovementioned aspects serve the purpose of actively shaping a

companies’ future by using TRIZ not only as a problem-solving toolbox, but to

exploit the Body of Knowledge that TRIZ provides as an Innovation Methodology.

Actively driving change by using TRIZ knowledge is therefore an important

building block for a strategic corporate innovation and change management.
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Taming Complex Problems by Systematic

Innovation

Claudia Hentschel and Alexander Czinki

Abstract Problems are as old as mankind but a rather young field of science when

it comes to categorizing, solving, or even dissolving them. The selection of a

problem-solving strategy and the selection of problem-solving tools should match

the problem type. Taking these aspects into consideration will not only allow to

identify suitable solutions—it will also ensure a high efficiency during the process

of problem-solving in general. The authors suggest a suitable model of problem

types and reveal a pragmatic process of selecting adequate TRIZ tools. This

structured approach is suggested, even though solving complex problems in inno-

vation requires the amplification of creativity and inventiveness and therefore

freedom. Some major TRIZ tools are assigned to problem types, not only to satisfy

the often cited scientific desire to tackle problems at their correct level but with the

major focus on generating a practical guideline for real-world problem-solving.

Keywords Complexity • Innovation • Problem types • Problem-solving process •

TRIZ

1 Introduction

Have you ever offered a solution to an assumed problem and were not at all satisfied

with the later result? For example, you have spent a lot of time and energy on

designing and producing a product that the customer later completely neglected?

Maybe you wanted to provide a desired product or process feature and ended up

having a nonviable solution? Or were you asked to develop a better information

system for your coworkers, well-knowing that more data is not automatically

leading to the better? If you know such situations, you were probably facing

complex problems. Perhaps you may not name them so, but you have met them
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before. When problems are complex, they require more time, effort, and knowledge

in order to be solved. This is especially true if they are not detected and treated

correctly. Is there a way to get along with complex problems when sufficient

knowledge, data, and time are not available? Can we solve such problems in an

acceptable time span? Are we aware of the fact that complex problems are better to

be dissolved rather than to be solved? Are we keeping complexity at a “healthy”

level? Complexity is like a good meal: too much of it destroys all the pleasure.

Complexity can be enjoyable, as long as it is neither too confusing nor too dumb

simple. This contribution tries to address what complex problems are and thins out

the various taxonomies that can be found in literature with the goal to define some

pragmatic baseline with a special focus on complexity in the context of innovation

management.

2 What’s the Problem with Problems?

2.1 Problems in General

Innovation is about identifying relevant problems, generating ideas on how to solve

the problems, realizing a solution, and communicating its attractiveness to cus-

tomers. But very often, even the first step in this process (identifying relevant

problems) already causes confusion. Often it seems to be undoubtedly clear, what

the problem to be solved really is. And this is where the problem with problem-

solving starts.

Two things crossed the authors’ minds, before they even tried to get on with

problem-solving. First of all, the question “Where do problems come from?” is

rarely asked. We recognize problems and implicitly know that they need to be

solved, but we are often not aware of where they come from. What generates

problems? Mainly they come from us being goal-oriented: when we wish to achieve

a certain situation which differs from the initial situation—we call it a problem

(Funke 2003). If resources are scarce and our problem-solving capabilities are low,

problems easily can become severe.

Secondly, the term “problem” is obviously perceived very differently in differ-

ent societies and cultures. In many cultural contexts, the word “problem” might also

refer to a mainly logical or mathematical context, e.g., 1 + 2¼ ?. As a result, the

term “problem” has an (emotional-wise) neutral status.

In some countries/cultures, problems are associated with a solely negative

connotation. Many people even frown whenever they hear the word “problem” as

such. They perceive it as a bad thing—something to be removed. However, in other

countries/cultures, the term “solving a problem” is associated with terms such as

“closing a gap,” “meeting a need,” “overcoming difficulties,” and “making some-

thing work better” (Isaksen et al. 2011).
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Some cultures even assign neither a positive nor a negative quality to the word

“problem” but stress the openness of the outcome. In Chinese, for example, the

word for problem, e.g., wenti, rather addresses “the question that is risen” and does

not clearly distinguish between positive “chance” or negative “problem.” One

might also speak of an opportunity, which highlights a more positive and optimistic

attitude.

Chance, opportunity, or no matter what it is called, the term problem mostly

refers to a situation that is difficult to deal with. For this paper, the authors speak of

a problem, whenever there is a gap between an initial and a desired situation (Sell

and Schimweg 2002). Problem-solving is regarded as the process of closing the gap

between “what is” and “what should be.” Thus problem-solving includes all jobs

and tasks to be done in order to transform an initial into a desired situation.

Interesting enough, a problem can be solved—according to the definition—not

only by transforming the initial into the desired situation but also by adjusting the

desired situation to the existing situation. This should be kept in mind, when we

have to deal with problems that seem unsolvable to us: perhaps our target is not

realistic? Or our claims are too exaggerated? We should keep in mind that problems

are man-made and that we should not fall instantly into depression when we face

“big” problems. Rather, we should ask ourselves how they arise and classify them,

if we want them to disappear or at least want them to become more manageable.

And in some situations, we should rather talk about a convergence toward a desired

situation, as not only initial situations but also targets are usually highly fuzzy—

especially in a world of rising complexity.

For the authors—both frequently dealing with innovation management—a struc-

tured approach to problem-solving is particularly beneficial in cases where the

initial situation is hard to understand or when solutions are unclear, not available,

or did not work out at first hand. Understanding structured problem-solving requires

the understanding of some major fundamentals of problem theory. Therefore, the

following paragraphs will deal with both, some classical and also more recent

sources on complexity and complex problems, alike.

2.2 Complex Does Not Equal Complicated

Literature mainly distinguishes between simple and complex problems. In most

publications, simple problems refer to a clear initial situation and a known way to

get to a solution. An example for a simple problem is: What is 1 + 2¼ ?, which for

most people would constitute rather a mathematical problem or task, but not a

problem in the sense that it would be hard to solve. But with the eyes of a toddler or

child before going to school, you might see it differently: unless the reading of signs

and numbers, the meaning of “+,” and the logic behind addition is understood, the

problem remains unsolved. So, obviously, simple problems can also be difficult,

depending on the knowledge of the person. Also things, looking simple at first

glance, can be difficult at the second (Norman 2011): take chop sticks, the proper
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use of which requires—among other things—even the knowledge of culture and

customs. Is driving simple? It depends—on the driver, on the situation, and on the

driving education.

So it seems that problems difficult to solve can more easily be transformed to

some sort of a solution by a previous learning process (Sell and Schimweg 2002).

The repetition of the underlying algorithm for solving similar problems creates

practice and leads to a problem-solving capability for problems of the same and

similar kind.

That is good news, and especially true for well-structured problems. However,

the focus of this contribution is more on the type of problems, where knowledge

alone does not directly deliver sufficient results or even provides no solutions at all.

For the authors, the starting question was how to call such problems and then ask

further how to allow or even facilitate the selection of adequate problem-solving

tools later on. Our first guess was that the term complex problem would lead to

deeper insights.

In an attempt to answer the starting question, dictionaries were not helpful, as

they often do not even distinguish between complex and complicated problems.

Both terms are emphasizing things with many intricate and interrelated parts and

aspects. If one does like to distinguish between them, one can only do so in the

extremes: take a recognizable pile of sand. One would presumably tend to call the

arrangement complex. Taking away one grain after another will obviously reduce

the complexity. But, when would you stop calling it to be complex?

Or take the design of a machine with many mechanical and electrical compo-

nents. Even if you know all the parts and their relations, a faulty switching circuit

can lead to serious damages, and maybe you do not know right away what the

proper remedy would be (Zeichen 2014). Despite the fact that the elements and

their connectedness can fully be enumerated, the system might behave in a weird

and unexpected way. While this is part of the engineers’ world, still some authors

claim that once all parts and relations are known, one should “only” speak of a

complicated system. But when would you call an airplane or a space shuttle

complicated rather than complex? Probably, it is the randomness of the system’s
behavior that could quickly make one perceive a system as a complex one. So while

complication seems to be more in the eyes of the beholder, complexity is part of the

world—and has always been; there is no sharp distinguishing demarcation line

between the two terms (Holland 2014), and thus there is no sharp and generally

accepted dissociation between the two terms in literature either. In the middle-

ground, the borders stay blurry.
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3 Complex Problems and Innovation

3.1 Complex Problems in General

Complexity and complex problems have been addressed by a number of research

fields and by many well-known authors, beginning in the 1930s. Such authors are,

e.g., the Germans Zwicky (1966), Rittel (2013), and D€orner (1989) or the Ameri-

cans Forrester (2013), Ackoff (1974), or Ritchey (2011a, b), all of them seeing

problems occurring in different levels with the extremes stretching from “puzzle” to

“mess.”

The above mentioned books call a situation where a well-defined issue is to be

tackled and a well-defined solution is available (which “merely” has to be worked

out), a “puzzle”: a given number of defined parts with a clearly defined relation to

each other need to be put together to a specific solution. If there are only few parts,

this may be covered by routine, which basically is a question of time and patience.

Besides the terms already being introduced, classical authors also use further

categories while classifying problems. One of these classifications is called a

“messy problem,” a culmination of thinking approaches to a set of problems that

won’t be solved by a simple, narrow focus.

So, a “mess” climbs the highest level within the range of complex problem

modeling and solving literature. A synonymous and recently more frequently used

word for it is “wicked problem” (Ritchey 2013; Buchanan 1992; Lindberg

et al. 2012). The term “wicked” was originally coined in 1972 by Rittel (2013),

who used the term “evil,” if one translates the German word “b€osartig” correctly.
More recent literature uses “wicked” not so much in the sense of evilness, but it

could lead to unintended consequences, reaction, and even back-fighting, once one

tries to overcome it (again Ritchey 2011b). Wicked problems or messes address

highly complex, unclear issues that are not at all structured or formed. When you

have a mess, it is even unclear or you do not even know what the problem really
is. This is the case with, e.g., administrative or political situations, when you are

trying to defeat poverty or drug addiction or boost health and education.

Again, the entire space is not well defined, but sources agree upon that in general

complex problems occur, when components, their behavior, and relationships are

changeable and are not clear enough to be named by the problem solver. Some

characteristics of complex problems are enumerated (Funke 2003, p. 126 ff.) as

follows:

– Indeterminacy of problem situation

– Connectivity of variables

– Dynamics of problem situation

– Intransparency of involved parameters and objectives

– Polytely (i.e., many or even unknown number of objectives to be observed or

met simultaneously)
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Other publications enumerate even more characteristics, e.g., Rittel, Buchanan,

and later Ritchey name 10, with missing stopping rules for problem solvers and

uniqueness, to name only two of them (again Ritchey 2013). As a consequence the

behavior of such systems varies, is manifold, and is even fraught with ambiguity.

Therefore, no objectivity exists (Sch€onwandt et al. 2013). Any approach to name or

even define the problem or solution is a subjective one. Such systems seem

unmanageable, even with lots of effort and lots of knowledge. For such problems,

there is no clear “right” or “wrong” either, no “correct” solution to be focused

on. The longer we look at the situation, the more solutions even seem possible. Any

place or situation, where people and their human behavior play a major but

unforeseeable role, all social, commercial, and/or organizational systems, briefly:

all systems that involve people—the most complex and adaptive systems known—

more or less imply complex problems.

Anyhow, we have to deliver a solution, often under time and many other—ever

rising—constraints. As the authors assume that more and more such complex

problems call for solutions, this is the reason why they try to address it herewith

a little deeper.

3.2 Complex Problems: A Practicable Approach

When it comes to innovation, managers are probably less in control of things than

they imagine. Business situations, in which new products, processes, or services

need to be defined such that the user or customer really wants them and thus is also

willing to pay for, give more than enough room for complexity. Also finding new

application fields for an invention, e.g., when a famous glass producer has found a

way to produce glass tubes with alveolar cross sections but has no idea who would

need and apply such a competence, he automatically faces a complex situation.

A similar innovation-related problem occurs, when companies try to extend the

fields of application for their products and technologies into new market fields. The

same is true for a situation in which a new innovation management process is

established, and its results do not match with the stakeholders’ needs or that the
stakeholders’ needs have evolved into another previously not “foreseen” direction.

Problems in innovation management usually address more than just a single

issue. Usually it is rather a set of interrelated elements, a number of parallel existing

concerns that interact in a way that is hard to predict. The authors have carried out

an in-depth literature research to get a grasp on the variety of problem distinctions

in terms of innovation issues, hoping to come up with definitions that do not

contradict other fields of problem-solving literature. Figure 1 represents, what the

authors suggest as a common ground, linking the different interpretations of

problem types and their main characteristics.

The chart spans a three-dimensional space which allows assigning problems into

the following types: chaotic, complex, complicated, and simple problems. Apply-

ing this frequently used classification allows the authors to later implement
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elements of problem type definitions and solving strategies of other sources such as

the Cynefin Framework (Snowden 2000).

The authors suggest that a given problem has to be assigned into the next higher

class whenever one of the three aspects—represented by the chart’s dimensions—

exceeds the characteristics of the current class. One dimension tending to a “higher”

class is—according to the authors’ perspective—perfectly sufficient to catapult a

problem to a higher problem level than classical literature would suggest.

The dimensions that allow our taxonomy are threefold: the first dimension
addresses the initial situation, where the ability of naming and understanding all

elements of the issue to be tackled rather suggests a simple problem at hand. The

more the initial situation is unclear, the more the problem leaves the level of

simplicity, even if there seems a solution to be at hand. The second dimension
refers to the knowledge about a solution. Most sources suggest that there are

problems where a solution is known and the other where no solution comes to

mind. Once we have to tackle the latter type of problem, it has for the authors lost its

“simple” status. The third dimension suggested is the diversity of the behavior of a

system, producing unconsidered side effects and surprise when deciding for a

solution. If interdependencies are severe and manifold and their impact varies, we

would suggest ranking any problem—even an extremely well-defined one—into a

higher class than the initial situation may suggest alone. With this taxonomy in

mind, four different problem types can be distinguished.

Chaotic problems are those where uncertainty, disorder, the unknown, and

randomness dominate the system behavior. A chaotic system seems to produce

noise without sense and displays utmost dynamics where no signal or pattern can be

derived. Taleb (2012, p. 13) enumerates 16 members of the chaos family ranging

from uncertainty to disorder up to the unknown. Chaotic problems are random and

unpredictable, and even if the nature of a system is deterministic, this does not

Fig. 1 Problem types and

their main indicators
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necessarily make it predictable for us humans. It is important to notice: being

chaotic is not necessarily a negative quality as systems can either harm or gain

from being exposed to this volatility.

This problem type is rather treated for the sake of completeness in this paper; it

does not constitute the main focus here. However, it is considered as the most

interesting and challenging subject for future investigations. Herewith, the focus is

laid on another, also very challenging, question, which is: what to do in complex

problem situations?

In complex problem situations, one has to deal with phenomenological situations

that are not fully understandable. They refer to things such as society (Luhmann

1987), economy, markets, and cultural behavior as well as leadership (again

Snowden 2000), to name a few. They are man-made, but develop on their own to

reach some kind of self-organization (again Taleb 2012, p. 56). “They may not be

strictly biological, but resemble the biological in that, in a way, they multiply and

replicate—think of rumors, ideas, technology and businesses” (again Taleb 2012,

p. 56). Taleb suggests a cat to depict such systems, and others (again Snowden

2000) depict a frog for visualizing complex systems. Anyhow, such systems and

problems rather do not resemble mechanical ones.

Complicated problems are not complex problems: complicated problems are

discoverable, more predictable, and less dynamic in their behavior. If a person has

enough knowledge, sufficient technical background, and can apply enough effort or

other resources, e.g., can call in an expert, this type of problem can be solved by

analysis and expertise. The question is not whether it is possible to analyze and

understand the problem. The question is rather how and where to get the required

expertise and resources from and whether the possible benefits justify the required

efforts to do so.

Simple problems are well-defined issues with well-defined and notable initial

parameters. The desired outcome is clearly defined. Simple problems follow a strict

logic—they consist of clearly recognizable and constant components, whose inter-

dependencies and behavior can be defined and predicted.

Weibel enumerates the following examples for each category: baking a cake is a

simple problem. Sending a rocket to the moon is a complicated problem. Raising a

child is a complex problem, and climate and weather change is on the edge of chaos

(Weibel 2014). Many scientists already suggested that a number of complicated

problems can be reduced to a number of simple problems.

Astonishing enough is that the other way around is equally true: a seemingly

simple problem in terms of its initial situation and desired outcome may quickly

turn into a complicated, complex, or even chaotic problem. Take a simple problem:

the higher, e.g., the number of elements and their interconnectedness become, the

more it becomes complicated. If the roof of your house is leaking and you do not

manage to model the interconnected parameters that obviously interact, such as

weather, rain, thermodynamic behavior of air, humidity, material pairing, the

influence of temperature, and so on, you may understand what technicians are

dealing with when they do not find the “right” solution, even if the desired outcome

of a watertight roof is clear enough.
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Also situations, where the initial situation is clearly defined, and there is some

knowledge about how the variables interact, the lacking solution or unclear solution

space may suggest a complex problem. Take a typical innovation problem, e.g., to

design a new service: such situations do not have a single, clear-cut solution. The

solutions are manifold, involving “depending on” relations, such as depending on

money, on technology available, on the power of a person, and on the global

economy, to name only a few possible “dependencies.”

Problems, where the desired outcome is unclear, are difficult or even seem

insolvable: how to search for a desired outcome in case it is unclear and the

knowledge about it isn’t there? Uncertainty concerning the desired outcome

requires more than just search and/or application of knowledge. It needs a deeper

dive-in and calls for a reconciliation with superordinate goals.

The aim of the authors is not to eliminate complexity, but to avoid messy or

inadequate processes for solving such problems, much in the sense that it is much

better to dissolve a problem than to solve it (Ackoff et al. 2010). The authors rather

try to tame complex problems; otherwise, the problem (dis)solver would spend all

his/her energy on endlessly analyzing the system and would—since the system

cannot be fully described—never get anything done.

4 Taming Complexity: The “Golden Way” of Problem-

Solving

We have to look at the nature and type of a problem before trying to solve it. And

this should be done in the very early stages of design and development, well ahead

of the conception phase. In many cases the analysis of problem types will lead to the

conclusion that one has to deal with a problem that has complex characteristics.

Complexity is neither good nor bad: it is the confusion about it that is bad. If we

treat complex problems with tools that belong to other problem types (e.g., tools for

complicated or simple problems), complexity will fight back.

Only when complexity is random and arbitrary, i.e., on the edge of chaos, we

have reason to feel annoyed, but again it is our confusion about it that we should

complain about. In that latter case, we probably cannot ensure successful problem-

solving, but should reduce risk to a minimum.

It is often cited that it is a mistake to manage a mess by simply ignoring the

messy part, treating the rest as a complicated problem and solve it as a puzzle, as

Pidd (2009, p. 43 ff.) puts it. Nevertheless we have no other choice than trying to

tame complexity by deriving underlying principles, structures, and patterns. A

selection and thus reduction of the system to the “most important” elements (Dittes

2012) make complex problems easier to handle. Planning tests and learning from

them in an iterative manner and even solve some parts of a complex problem as

puzzles can help to manage highly complex tasks. This reduction into a few but

decisive parts allows only viable solutions to pass (again, see early authors, e.g.,
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Luhmann 1987, to recent authors, e.g., Taleb 2012; with Dittes 2012; and Weibel

2014, confirming this idea). This strategy does not make the problem itself less

complex, but we feel less confused and get at least some chance to manage and

master it. Thus the question is not whether we want to reduce/simplify reality, but

rather whether we are aware of it and whether we address and manage a possible

simplification successfully.

Focusing on the conception phase of a solution for a complex problem or system,

a systemic approach of thinking is required. Systemic thinking—in short—means

that complex challenges require an understanding of what the problem really is, a

basic idea of what the main elements creating influence are, how the individual

components interact and regulate themselves before even thinking about how to

create adequate ideas for solutions. After all, the solution should be feasible and

viable. The main idea is that each system is part of a whole and consists of

subsystems (Ninck et al. 2014). So each problem should be looked at from an

external perspective with a view to the problem environment, as the solution has to

integrate itself into its surroundings, and—closely together—it should be looked at

the system itself, as it has to be realizable and feasible. So the more you are able to

zoom out, the lesser details will be visible. However, chances are that the most

influencing elements and their interaction patterns that create a complex problem

will become visible more easily. And the more you are able to zoom in, the more

you are likely to be able to design a system that fulfills all the desired functions and

sub-functions.

So the authors express the need for selecting problem-solving techniques

according to the problem type at hand. Even more, it is important to provide both

techniques and processes to efficiently solve the ever increasing complexity in

modern social and technological environments.

5 The Right Problem-Solving Strategy to a Given Problem

5.1 A General Problem-Solving Model

Problem-solving is far too important in professional life to be dealt by chance only.

By using a standardized problem model in combination with adequate problem-

solving tools, problem-solving can be become a stable and robust process even if

complex problems are involved. Subsequently, a general problem-solving model

will be described and a linkage/combination between the different phases of

problem-solving and typical TRIZ tools will be introduced.
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5.2 Problem Awareness

Problem awareness is a fundamental prerequisite for problem-solving. In this

context, problem awareness is regarded not only as a rough status of “. . .being
aware that there is some kind of problem. . ..” Problem awareness should focus on

identifying the major sources causing the problems—often called “root causes.” In

complex situations, the identification of the root cause (the root problem) can be

very challenging. Since a problem can be defined as a deviation between an initial

and a desired situation, problem awareness also needs to address both aspects of a

problem: it requires a clear picture of the desired outcome and also a proper

identification of the initial situation.

5.3 Problem Type Analysis and Identification

As a next step of the overall problem-solving process, the problem type (chaotic,

complex, complicated, simple) should be identified. This is a very important step,

since different problem types require different strategies and tools for problem-

solving. As soon as the problem type is identified, different strategies for solving the

problem can be applied (Table 1). According to the preferred strategy, adequate

TRIZ tools can be suggested in advance.

Chaotic Problems

In case of chaotic problems, a strategy of fast adaption is suggested. As a clear

input-to-output relation is not available in chaotic systems, it is neither promising to

spend a lot of energy in analyzing the system nor it is reasonable to invest time and

energy into determining an optimal input to a system. In this case it is far more

important to clearly sense the systems output and to adapt as fast as possible to

it. Within a chaotic space, the opportunities and effectiveness for classical problem-

solving are limited.

From the authors’ point of view, there are no specific TRIZ tools that can be

assigned to solving chaotic problems. TRIZ itself is a very logical problem-solving

methodology and therefore its effectiveness automatically suffers whenever input

and/or system information is incomplete. Also TRIZ is not able to change the nature

of chaotic problems by actually transforming them into complex, complicated, or

simple problems. Nevertheless, TRIZ can be helpful in context with chaotic

problems: in a truly chaotic world, fast sensing in combination with agility and a

high flexibility to quickly adapt to changes are the key criteria for success. TRIZ

can be used to derive adaption strategies (which itself will usually be a complex

problem). It also can enhance creativity in general and therefore give support in

situations which are characterized by high uncertainty. And again, fast adapters are

the winners in a truly chaotic world. TRIZ can be used to increase the adaptability

of current systems toward chaotic changes.
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Complex Problems

Complex systems are—in comparison with chaotic systems—still very “fuzzy”: the

initial situation is difficult to sense, there is no clearly defined target situation, and a

high number of interdependencies within the system itself and between the system

and its environment exist. A manageable, complete, and reliable system model is

not available. The system’s output on a given input is difficult to forecast, and the

system behavior can only be predicted on the basis of input–output patterns that

have been observed in the past. Information that is not available in the form of such

patterns requires exploring the system’s behavior in order to gain new insights and

by this means: gaining new patterns.

A typical, highly complex problem engineers and businessmen have to deal with

is the question “How will a given system develop in the future?” Forecasting the

development of a product is highly complex. This is true, since neither all influ-

ences are known nor the strength of the different influences on the outcome is

properly understood. Questions illustrating the complex character of predicting a

system’s future are: What new technologies will be available in the future? How

strong of an impact will they have on a certain product? How will the global

economy develop and what impact will this development have on the customers’
needs?

TRIZ provides several tools that address complex problems. A typical tool

would be engineering system evolution (ESE). ESE makes use of development

patterns of engineering systems that have been observed to be true, beyond the

borders of specific fields of industry and also beyond a specific time range. These

patterns help to develop products further. Interesting enough, this tool works,

although the mechanisms behind the patterns used are too complex to be

completely understood (Altshuller 1998; Petrov 2001).

While the ESE tool only allows applying given patterns to a problem, the

multiscreen approach (MSA) or system operator (better known under the term “9

windows”) even goes one step further: MSA allows generating new patterns. By

extrapolating trends within the product’s super- and subsystems, this tool enables

the user to create a hypothesis of the product’s future development. By its nature,

the MSA tool ensures that the predictions made are consistent with the development

trends being formulated for the corresponding super- and subsystems.

Both tools mentioned can very well be applied to reduce and handle complex

technological problems and can be adapted to nontechnical complex systems as

well, e.g., for finding out what the customer really wants (Ulwick 2005). However,

the major strengths of the tools are clearly located in the very same domain that they

have been invented for: deriving the “voice of the product” of complex technical

systems.

Additionally, the tool “Smart Little People” is highly applicable in complex

situations: while “playing” with imagination by making small, all-round characters

taking over the role of an undefined resource, complex situations can be theoreti-

cally simulated according to their possible reaction. This helps probing hypothesis

and learning from possible outcomes. In consequence, these tools do not suggest a

solution, but prepare a test-and-learn field.
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Complicated Problems

Complicated problems are—based on the definition of the term that was given

before—problems that can be described. Thus there is the option to fully understand

the system’s structure based on clearly notable cause–effect relationships. What

usually makes these systems (and therefore also problems related to these systems)

difficult to handle is that their structure and their inherent cause–effect relationships

are not instantly apparent. Thus difficult problems are requiring a detailed in-depth

analysis of the related systems. TRIZ provides tools that allow the user to carry out

in-depth system analysis, providing well-defined, universal, and robust system

analysis processes.

Other TRIZ tools addressing this type of problem are the classical TRIZ con-

tradiction tools, from technical to physical contradictions. Also, substance-field

analysis (SuF), trimming, and feature transfer represent tools for the complicated

problem domain. These tools are only applicable if an in-depth system analysis and

system understanding precede the application of that tool. Here, solutions are

proposed, even though their abstraction level leaves room for realization

alternatives.

“Simple” Problems

As stated before, the term “simple” should not be underestimated or misunderstood

as “easy.” The term “simple” is purely related to the fact that the cause–effect

relationships within a given problem are well understood. As a consequence,

solving “simple” problems can still be a difficult and challenging task. A typical

example for a “simple” task would be finding a physical principle that is able to

generate a desired function, e.g., convert a temperature into electric current. TRIZ

uses databases, e.g., catalogues of physical and other effects, to find new or

alternative solutions for “simple” problems, which is why we find catalogue of

effects in this problem domain.

6 Problem-Solving Process with the Help of TRIZ

TRIZ can be of tremendous help during the process of solving real-world problems.

It has been suggested to assign specific TRIZ tools to certain problem types (mainly

to complex, complicated, and simple problems). With the above suggested repar-

tition of TRIZ tools according to problem types, the remaining question is: what are

the indicators that allow the selection of the “right” TRIZ tool if one does not have

the time to apply all of them? The authors’ answer—that will be elaborated

further—is: if probing is the prevailing aim, then the tools for complex problem-

solving should be applied. If analyzing the system is prevailing, then the tools for

complicated problem-solving should be chosen. And last but not least, if categori-

zation is prevailing, the “simple” problem-solving tools should be considered.

Although the enumerated TRIZ tools above are far from being complete, some

tools come in the authors’minds that are not (yet) to be clearly assigned to a special
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problem type. Take the “function analysis” (FA) tool. It allows the user to “zoom

into” the product. It helps identifying the system’s components and the network of

interactions between these components, and it also allows recognizing the type of

interactions that exist between them. As a result, complicated systems are described

by a larger number of smaller subsystems/components and their—compared to the

overall system—relatively simple interactions. The tool allows the user to system-

atically explore cause–effect relationships within systems. As soon as the system is

modeled, other TRIZ tools can be applied, which allow to strengthen desirable

interactions and to weaken or even eliminate nondesirable and harmful functions.

With the system’s inner structure lying open, TRIZ even qualifies the user to

redesign the system such that existing interactions are eliminated and new interac-

tions are generated. Thus TRIZ enables the user to decode the inner structure of

systems and therefore allows a systematic optimization.

Applying FA for a certain problem level does not completely solve the

corresponding problems, but rather reduces the problem level of a given problem

in order to gain an advanced understanding of the problem. Thus a complex

problem is, e.g., converted into either a single or a set of complicated problems

which are later transformed into simple problems, which then finally are solved.

This indicates that there are some sort of transition tools that help reduce a problem

level.

Other tools that are not yet clearly to be assigned to are, for example, the

Innovation Situation Questionnaire (ISQ) and Resources. These tools are applicable

in situations where one does not (yet) know which problem space one is in. These

tools prevent from tending prematurely to one of the four problem types and first

ask questions and gain information about the system or problem at hand. These

tools do not deliver solutions, but rather gain more problem or system understand-

ing. The authors will address their special function and suggest an additional

problem type assignment, which will be dealt with in more details in their future

publications.

It is important to mention: whenever there is a problem, the question should first

be what problem type it represents. Solutions can then be generated with the

adequate tools that are assigned to the problem type at hand. Whenever the

processing of the problem on a certain level fails, the problem-solving process

needs to step backward to one of the prior levels. Thus, failing on the complicated

problem level asks for returning to the complex problem level, where new direc-

tions for system development and new directions for an increased level of ideality

are aspired. Failing on the simple level requires at least returning to the complicated

level where alternative problem models (e.g., an alternative problem model espe-

cially suited for a newly identified principle) are generated. The problem-solving

model introduced here is of a highly iterative nature, allowing to step back

whenever a result of a certain step is not satisfactory.

Problem-solving could start with applying the tools that belong to the level the

problem actually belongs to. Alternatively, the problem-solving could directly start

by reducing the problem level and by solving the corresponding lower level right

away. At the moment, the authors do suggest a general rule on where to start with
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problem-solving, but stress the fact that it is extremely important—and beneficial at

the same time—to always be aware on what level one is on, to what advantages and

disadvantages this has, and to preferably use tools that are able to treat the problems

at this level.

7 Conclusion

Complexity is omnipresent in our lives. We cannot evade it, but we have to master

it. Much of the effort of this paper was spent on transferring the different opinions

and statements of different scientific fields covering complexity and complex

problems into a current and practicable innovation context. All in all, this was

more challenging than expected: definitions found in literature are hardly universal;

furthermore, different science fields describe complexity in diverse manners. The

authors have mainly followed an understanding of complexity based on system

theory and tried to substantiate their idea of a generalized problem-solving strategy.

Identifying that there is a problem—a deviation between an initial and a desired

situation—is an essential first step in problem-solving. In addition to realizing the

mere existence of a problem, it is even more important to clarify which type of

problem there is, as different problem types also require different strategies for

solving them. As soon as the problem type is identified, a set of possible problem-

solving tools can be used. The authors suggest specific problem-solving tools for

specific type of problems. The tools have been selected with a particular focus on

the application of TRIZ tools. However, the model itself is not limited to TRIZ

tools.

In this context, TRIZ helps to reduce complexity in a step-by-step approach:

transforming a complex into a complicated and transforming the complicated into a

simple problem. This is happening without neglecting the initial complexity of the

situation at hand, this being the reason why the authors speak of taming complex

problems. The preferred tools are furthermore not strictly limited to one indicated

level of problem type, but rather floating in their applicability for the next lower

level. Furthermore, the model introduced here is—just as TRIZ in general—to be

considered as work in progress. After all, the success of the problem-solving

process in general will strongly depend on the effectiveness of the problem-solving

tools used.

The authors’ objective of this contribution was to generate a link between

problem models on the one hand and TRIZ—as an especially powerful problem-

solving methodology—on the other. They hope to contribute to more linking the

different concepts of problem-solving on one side and systematic innovation on the

other. A bit to their surprise, the mere work on problem types not only strengthened

the ability of the authors to analyze problems more clearly but made them see

disturbances and trouble—as they happen in complex situations all the time—from

a new and especially from a more relaxed perspective.
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TRIZ Evolutionary Approach: Main Points

and Implementation

Victor D. Berdonosov and Elena V. Redkolis

Abstract There are a lot of evolution models, but the most interesting among them

is the model of the TRIZ evolution. According to this model, artificial systems

satisfy increasing demands of the society and evolve when they eliminate contra-

dictions using TRIZ tools.

The TRIZ evolutionary approach can be applied in any sphere of human activity.

Initial objects can be either engineering systems or knowledge systems of mathe-

matics, programming, etc. In this case TRIZ evolutionary map is created for a

considered sphere. Such a map is a tree of states (implementations) of the initial

object which are connected by contradictions and TRIZ tools that eliminate these

contradictions.

The TRIZ evolutionary approach provides an efficient tool for analyzing artifi-

cial system evolution and forecasting their development. Particularly, the TRIZ

evolutionary approach allows defining contradictions eliminated and unsolved in a

considered system. Thus if “forgotten” contradictions are eliminated, then system

ideality will increase, respectively.

In the report there are examples of TRIZ evolutionary maps and forecasts of

some artificial system development based on the TRIZ evolutionary approach.

Keywords TRIZ evolution • TRIZ evolutionary map • Artificial systems •

Knowledge systems

1 Introduction

The theory of evolution is perceived subconsciously as evolution of biological

species. Currently, there are a lot of theories and models of biological species

evolution (Jukes and Cantor 1969; Kishino and Hasegawa 1989). Among them
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there are modern evolutionary synthesis based on Darwin’s and Mendel’s (Mendel

1866) works, the model of molecular evolution that is known as the theory of

neutrality, etc. However, artificial systems also evolve (Capra 1996; Shpakovsky

2006). It is of great interest to research evolution of these systems. Besides, now

methods and approaches to the knowledge systematization in different knowledge

fields receive considerable attention (Petrov 2012; Gurevich and Yashina 2012;

Kapon 2015; Kumazawa 2014).

Unfortunately the theory of evolution is mostly evaluating but not forecasting

issue. In our opinion the forecasting issue is the most important in researches of

artificial systems. It means that if the evolution trend line of a system is known, then

it is possible to forecast the following implementation of this system. TRIZ,

research subject of which are technical systems, can also cover other artificial

systems. Basing on TRIZ it is possible to create a model of evolution that is

characterized by both evaluating and forecasting issues. The article describes the

abovementioned model.

The model can be used only for artificial systems. An initial object exists in any

evolution model, as for fractal model it is a pattern. Development of an artificial

system is performed under moving forces in accordance with a set of rules.

2 Model of TRIZ Evolution

The TRIZ evolutionary model is ideologically associated with the fractal model

though does not copy it. Mandelbrot (1983) was the fractal research founder. He

described development (evolution) of fractal objects in the following way. There is

an initial object (“a pattern”) of free complexity. It can be either lines joined

together or a multi-figure object. Then the pattern starts developing in accordance

with “rules of construction.” Each element of the pattern is replaced with its

transformed copy. The transformation is a scaling, shortening up to the size of

replacing element and rotating if it is required. This is the way how the first iteration

of the fractal object creation is performed.

Following iterations are performed in the same way. Figure 1 shows the

sequence of iterations: zero (the pattern), the third, the fifth, and the eighth. The

iteration number is not limited. If a pattern is chosen and a considerable number of

iterations are performed, then the fractal model will be similar to a real object.

Example of the model is a fern.

Though ferns are simple plants, they have more difficult patterns and more

complicated “rules of construction” which determine developing from iteration to

another one. There are the following basic terms of the fractal model of evolution:

pattern (initial object) is an object based on which the construction of a fractal

object begins. The “rules of construction” are the rules according to which an

iteration based on the previous one is performed. Moreover, there is one more

term here—resources. For a fractal object, it is a space where the object is placed.

For real fern resources are nutrients, space, and ultraviolet (sunlight).
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It should be noted that even for such simple plants as ferns, “patterns” and “rules

of construction” are more complex than in the example given above. However, all

plants are based on principle of self-similarity. Animals have more complex self-

similarity. All necessary information about patterns is placed in animal genes

(Capra 1996), and laws of nature determine “rules of construction.” By the way,

knowledge of these laws is the basic purpose of knowledge acquiring.

The evolution of the self-developing organisms can be represented in the

following form: crystals, algae, corals, ferns, fishes, highest plants, birds, mammals,

and human. Currently, a human is characterized by the highest level of complexity.

It is supposed that human fractality should be performed not only on a physical

level but on a spiritual level that is in consciousness. With the help of conscious-

ness, a human explores the world and acquires a system of knowledge. Thus it is

natural to suppose that the knowledge is also fractal. In fact, knowledge is the

reflection of the world picture; thus, if the world is fractal, knowledge is fractal too.

The TRIZ evolutionary model uses the same set of terms as it is described above.

A “pattern” is an initial artificial (technical) object which is a starting point for

development of a family of objects.

It is necessary to clarify here what the word “technical” means. The Greek word

“techne” was understood widely: from skills of craftsmen to proficiency in the high

art. In the text the concept “technique” includes both a device (a machine) and a

computer program that will control this device (machine), programming languages

by virtue of which the devices have been created and developed (Blackburn 2014).

The next concept is “rules of construction” by virtue of which the initial pattern

develops passing from iteration to another one. It is necessary to add some com-

ments. At first the passage does not happen on impulse but under the action of

contradictions revealed at the iteration between increasing requirements of the

society and limited capacity of an object. The “rules of construction” of the TRIZ

evolutionary models are TRIZ tools: 40 inventive principles, substance-field model,

system of inventive standards, etc. (Altshuller et al. 2005; Zlotin 1999).

To show a family of technical objects, programming paradigms are chosen as an

example (Berdonosov and Sycheva 2011). The initial object is coding. Coding is a

system of machine language codes which is interpreted for the certain microchip.

This is the first and the most elementary paradigm of programming.

Fig. 1 A fractal model of fern (Berdonosov and Redkolis 2014b)
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Of course this paradigm has a lot of contradictions. Let’s consider only one of

them. Complexity of programming tasks increases constantly. The moment comes

when a programmer cannot write and debug software which contains thousands of

bits. Nowadays it is a very small program. For example, a program of calculating

factorial function consists of not <1000 and half bits. Here the contradiction

appears: if complexity of a task increases, then the time for programming increases

unacceptably. To solve the contradiction, inventive principles of “copying” and

“merging” can be used. Let’s consider solutions that eliminate the contradiction. The

first solution: using the principle of “copying,” terms “cell address” and “argument”

are replaced by the term “operand.” The second solution: using the principle of

“merging,” homogeneous machine codes are merged into mnemonic commands.

In consequence of eliminating contradictions, a new resource appears. It is

option to transform machine codes into mnemonic code. As a result, a new

programming paradigm appears, that is, assembling (see Fig. 2).

TRIZ evolutionary model includes a “pattern” (an initial technical object) and

the “rules of construction” which are TRIZ tools and resource limits.

It should be noted that TRIZ evolutionary model is proposed for structuring

knowledge in subject area in terms of ideality increase. The ideality is a relation of

the sum of parameters characterizing profits to the sum of the parameters character-

izing expenses of the considered system. The simplification as an estimate of ideality

is used in practice. This estimate is some specific parameter characterizing the

quality of a system functioning. Thus, TRIZ evolution of a particular subject area

can differ from evolution based on the historical retrospective or chronometric data.

In the context of programming paradigm evolution, parameters characterizing

ideality are productivity, readability, and reliability of a programming language. In

case of the numerical method evolution (which is discussed in Sect. 4), faithfulness,

convergence, and number of mathematical actions can be considered as such

parameters.

3 TRIZ Evolutionary Approach

Let’s consider the TRIZ evolutionary approach which is characterized with the

following statements:

The First Statement The evolution of a system starts from a base element

(a system) (Shpakovsky 2006). This may be an incipient element or a prominent

Assembling

Copying, Merging

Native
programming

Fig. 2 The first iteration of

programming paradigm

evolution (Berdonosov and

Redkolis 2014b)
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part, a stage of development of an incipient element. The examples of incipient

elements are a wheel, a computer programming language, etc. (Fig. 3). The first

wheel was probably a tree saw cut. The first programming language is defined as

native programming language (Berdonosov 2012).

A system that heralded a famous stage of the wheel development was a spoke

wheel. A system that heralded a famous stage of the modern programming language

development was the first representative of object-oriented programming lan-

guages, which is Simula-67.

The Second Statement Moving forces of TRIZ evolution are contradictions

between growing requirements of the society to a system and limited capacity of

this system.

The owner of a wheel would like the wheel to work longer, but it was required to

make the wheel rim thicker (Fig. 4). Wheels became heavy and horses drawing a

cart were tired quicker.

The contradiction appeared: if durability of a wheel increases, then the weight of

a wheel increases unacceptably. The same happens with object-oriented program-

ming. A programmer writes more and more complex programs. Debugging com-

plex programs, he spends much time to find causes of errors. Thus, the contradiction

Presenta�on of informa�on
in the machine codes for the microprocessor

Na�ve programming

Language: Hexadecimal code

Cell address and value Instructions for a CPU

The program is a list of cell addresses and
their values and operations on them

ca. 10000 BCE

Logs wore
wood as
rollers to
transport
heavy objects

a b

Fig. 3 (a) A tree saw cut; (b) native programming (Berdonosov and Redkolis 2014a)

The program is a set of concurrent processes

Simula-67

The first object oriented progr.language

Process 1

Class 1

Class 2

Object 1

Object 2

Object N

Variables

Functions
…

Process 2

Life (body)

ca. 2000 BCE

Invention of
the spoked
wooden wheel.
A much lighter
wheel, first
used for War
Chariots.

a b

Fig. 4 (a) A spoke wheel; (b) the structure of Simula-67 programming language (Berdonosov and

Redkolis 2014a)
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appears: if complexity of a program increases, then the time for debugging

increases unacceptably.
De facto, there is not one but a variety of contradictions (Berdonosov 2012). In

case of object-oriented programming languages (OOPL), more contradictions

appear: if the size of a program increases, then reliability of the program decreases

unacceptably; if the quantity of hardware platforms increases, then working effi-

ciency of a program decreases unacceptably.

The Third Statement A system passes to the following stage of evolution when

contradictions are eliminated. It is always possible to reveal TRIZ tools which

allowed eliminating contradictions (40 inventive principles, substance-field model,

system of inventive standards, etc.) (Gadd and Goddard 2011; Bukhman 2012; Fey

and Rivin 2005; Livotov and Petrov 2013).

In case of a wheel, inventive principles of “local quality” and “intermediary”

were used. The wooden wheel is covered with a metal rim, the weight of the wheel

decreases, and durability of the wheel increases. In case of the OOPL, part of

contradictions was solved in Smalltalk language using the law of transition to

supersystem: software development environment was created. It had a user inter-

face and provided debugging tools. By the principle of “intermediary,” the

sequence of program compilation was changed: programs were coded to interme-

diate form by byte-codes and interpreted into a machine language code during the

run-time. It allowed initializing them on different hardware platforms (Berdonosov

2012). In the C++ language using the inventive principle of “self-service,” the tool

of handling exceptions was introduced. This tool is used to monitor program

behavior and catch errors (Berdonosov 2012). A tool “design by contract” was

performed in the Eiffel programming language using the inventive principle of

“preliminary action.” This tool allowed assigning different types of conditions

(contracts) which are checked during a program run-time (Berdonosov 2012).

Initial part of the OOPL TRIZ evolutionary map is presented in Fig. 5.

The Fourth Statement All stages of a base element (system) evolution are visual-

ized with the TRIZ evolutionary map. Such a map is a tree where the base element

is a root and stages (iterations) of evolution are branches (see Fig. 6).

Self-service

Simula-67

C++

Transition to a Supersystem,
'Intermediary'

Smalltalk

Eiffel

Preliminary action

Fig. 5 First iteration of object-oriented program language evolution (Berdonosov and Redkolis

2014b)
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It should be noted that in reality fragments of the tree can grow linearly if the

contradiction is eliminated by one tool or fork out if different contradictions are

eliminated by different tools. In the last case, the line evolution transforms into a

tree-type one (Fig. 6). As a result, the TRIZ evolutionary approach to artificial

system analysis allows not only systematizing knowledge about its evolution but

also inventing (developing) new implementations.

Thus, there are following advantages of the TRIZ evolutionary approach:

1. It allows systematizing knowledge about artificial system evolution in past,

present, and future basing on TRIZ tools in order to forecast further development

of artificial systems.

2. It allows inventing (developing) new implementations of artificial systems.

3. It provides an integrated base for knowledge systematization in any field either

practical (e.g., TRIZ evolution of a car or a plane) or theoretical one (e.g., TRIZ

evolution of numerical methods, TRIZ evolution of programming tools, etc.).

4. It allows sorting system implementations according to the rate of ideality

increase at the stage of analysis and research of new system implementations.

Functional
programming

Taking out,
Preliminary action

Assembling

Copying, Merging

Native
programming

Taking out

Logic
programming

Merging

Imperative
programming

Preliminary action

Structured
programming

Local quality, Merging,
Universality,Nested doll

Object-oriented
programming

Fig. 6 Tree-type evolution of programming paradigm (Berdonosov and Redkolis 2014b;

Berdonosov and Sycheva 2011)
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4 Examples of the TRIZ Evolutionary Approach

Implementation

Let’s consider full implementation of the TRIZ evolutionary approach by the

example of numerical methods (Korn and Korn 1961). Numerical methods are

defined as methods of approximate solution of typical mathematical problems,

which perform finite quantity of elementary number operations. These methods

are various (Altshuller et al. 2005; Mandelbrot 1983; Shpakovsky 2006; Danilina

1976): linear algebraic equation system solution and equations; nonlinear algebraic

equation system solution, numerical integration, and differentiation; solution of

Cauchy problem for ordinary differential equation; etc. In addition there is a list of

specific methods for almost every abovementioned field of application (see

(Berdonosov and Redkolis 2014b), Figs. 7, 8, 9, 10, 11, 12, 13, 14, and 15).

Such a significant number of poorly systematized knowledge (methods) does not

allow studying all numerical methods sufficiently in order to choose the most

suitable one and for education process too.

There are many mathematics systematizations and numerical method systema-

tizations; it complicates choosing a suitable method. So there are many approaches

to organize and transfer mathematical knowledge, for example (Wilkerson-Jerde

Michelle and Wilensky Uri 2011). Analysis of numerical methods classification

showed that numerical methods evolve both during development of description

models of real physical objects and during development of problem-solving

methods represented by the corresponding models. Thus it is useful to consider

TRIZ evolutionary maps of models and numerical methods, relative to each model.

The evolution of models is associated with increasing mathematical model

adequacy to their real physical prototype. For example, behavior of different nature

macro-model systems is described by linear and nonlinear algebraic equation

systems; behavior of micro-models is described by differential equation systems;

and behavior of distributed system micro-models is described by differential

equations in the form of partial derivatives. The evolution process of numerical

methods is concerned with ideality increase of existing model realization. For

example, first direct numerical methods were used for linear algebraic equation

solution, then iterative one-step methods and iterative multistep methods followed,

etc. Whereupon the ideality criterion consists of accuracy, convergence, number of

arithmetic operations, etc.

Let’s consider the development of real physical object description models, i.e.,

the development of mathematical models which describe objects of the real world

more and more adequately.

The first models were linear equation systems. But scientists found out that if an

acceptable region of variants that are included in the equation system is wide

enough, then test data and estimated data will considerably differ. This situation

appears because the world is not linear in principle and linearization can be

performed in a small range. To bring estimated data more in line with test ones, a

wide acceptable region was divided into small ranges, and parameters of linear
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Numerical methods (NM)

Difference methods of the problems
solution of mathematical physics

Numerical methods of
algebra and analysis

1 NM of the linear algebraic
equations systems and

equations solution

2 NM of the
nonlinear algebraic
equations solution

3 NM of the nonlinear
algebraic equations

systems solution

4 Numerical
lntegration and
differentiation

5 Interpolation and
approximation of

functions

6 NM of the Cauchy
problem solution

8 NM of the
meshless equation

solution

7 NM of the grid
equation solution

Fig. 7 Numerical method structure

1.1 Direct methods

1.1.1
Cramer
method

1.2 Iterative methods

1.2.1Iterative one-step
methods

1.2.1.1 Simple
iteration method

1.2.2 Variational
type methods

1.2.2.1 Method
of minimal
discrepancies

1.2.3 Iterative multi-
step methods

1.1.2 Gauss method with
a complete choice of a
conducting element

1.1.3 Gauss
method without
achoice of a
conducting
element

1.1.4 Gauss
method with a
partial choice of
a conducting
element

1.1.5 Method of a
square root
(Cholesky method)

1.1.6 Method of
rotation of
linear systems

1.1.7 Method of
optimum exception
and edging

1.1.8
Method of
reflection

1.2.1.4
Richardson
method

1.2.1.2
Seidel
method

1.2.1.3 Iterative method
with Chebyshev set of
parameters

1.2.1.5 Top
relaxation
method

1.2.2.2 Method
of minimal
amendments

1.2.2.5 Iterative methods
with use spectral
equivalence operators

1.2.2.3 Method
of prompt
release

1.2.2.4 Method
of conjugate
gradients

1.2.1.6 Jacobi
method

1.2.1.7 Method
of successive
iterations

1.2.1.8 Optimal
elimination and
halo method

1 NM of the linear algebraice quations systems and equations solution

Fig. 8 Numerical methods of linear algebraic equation systems and equation solution

2.1 Direct methods 2.2 Iterative methods

2.2.1 Iterative
one-step methods

2.2.1.1 Simple
iteration method

2.2.2 Iterative multi-
step methods

2.2.2.4 Inverse
interpolation methods
of the different orders

2.2.1.8
Aitken
method

2.2.1.2
Newton
method

2.2.1.3
Chord
method

2.2.1.4 Modified
Newton method

2.2.1.5
Steffenson
method

2.2.1.6 Interpolation
method of the
different orders

2.2.1.7 Top
relaxation
method

2.2.1.9 Combined
methods (Chordmethod
+ Newton method, etc.)

2.2.2.1 Method
of tests (half-
division method)

2.2.2.3I nterpolation
method of the
different orders

2.2.2.2
Method of
secants

2.1.1 Family of
Gauss methods

2 NM of the nonlinear algebraic equations solution

Fig. 9 Numerical methods of nonlinear algebraic equation solution
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3.1Direct methods 3.2Iterativemethods

3.2.1 Linear concer-
ning new iterations

3.2.1.1
Relaxation
method

3.2.2 Nonlinear
concerning new iterations

3.2.2.1
Nonlinear
Jacobi method

3.2.1.4 Modified
Newton method

3.2.1.2
Picard
method

3.2.1.3
Newton
method

3.2.1.5 Simple
iteration
method

3.2.2.2
Nonlinear
Seidel method

3.2.2.3
Hybrid
methods

3.1.1 Familyof
Gauss methods

3.2.1.6 Newton-
Raphson
method

3.2.1.7
Chord
method

3.2.1.8 Half-
division
method

3.2.2.4 Steepest
gradient descent
method

3.2.2.5 Newton
method with a
parameter

3.2.2.6
Relaxation
method

3.2.2.7
Methodof
ravines

3.2.2.8
Heavyball
method

3 NM of the nonlinear algebraice quations systems solution

3.2.1.9 Gauss-
Seidel methods

Fig. 10 Numerical methods of nonlinear algebraic equation system solution

4.1.1 With use of the ordinary formulas

4.1.1.1.7
Romberg’s
method

4.1.2 With use of the
interpolation type formulas

4.1.3 With use of the best algebraic
degree of accuracy formulas

4.1.3.1 With
Gauss
formulas

4.1.3.2 With
Hermite
formulas

4.1.1.1 With
simple formulas

4.1.1.2 With
compound formulas

4.1.1.1.3
Simpson
formulas

4.1.1.1.4
Extrapolatio
n method

4.1.1.1.5
Runge
method

4.1.1.1.6
Richardson
method

4.1 With use of the quadrature formulas 4.2 The other methods

4.1.1.1.1 With
rectangular
formulas

4.1.1.1.2 With
trapezoidal
formulas

4.1.1.2.3
Simpson
formulas

4.1.1.2.1 With
trapezoidal
formulas

4.1.1.2.2 With
midpoint rules

4.1.2.4
Simpson
formulas

4.1.2.1 With
Newton-Cotes
formulas

4.1.2.5 With
compound
formulas

4.1.2.2 With
rectangular
formulas

4.1.2.3 With
trapezoidal
formulas

4.2.3 Geometric
MC-method

4.2.1 Direct
Monte-Carlo
(MC) method

4.2.2 Ordinary
MC-method

4.2.4 Dynamic
(kinetic modeling)
MC-method

4.2.5 Quantum
MC-method

4 Numerical integration and differentiation

Fig. 11 Methods of numerical integration and differentiation

5.1 Local methods

5.1.1 Ordinary methods 5.2.1
Method of
Lagrange

5.1.2 Spline methods

5.2.3
Hermit
method

5.2 Global methods

5.1.2.1 With
linear spline

5.1.1.3 Piecewise linear
interpolation with Runge
function

5.2.2
Newton
method

5.2.6 Aitken method
of proportional parts

5.1.1.4 Aitken
linear interpolation

5.2.4 Method
of Chebyshev
polynomials

5.1.2.2 With
parabolic spline

5.2.7 Aitken-
Neville method

5.2.8 Undetermined
coefficients method

5.1.2.3 With cubic spline 5.2.5 Runge-Kutta
method

5.1.1.1 Piecewise
quadratic
interpolation

5.1.1.2
Piecewise linear
interpolation

5 Interpolation and approximation of functions

Fig. 12 Numerical methods of interpolation and approximation of functions
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equitation systems were defined separately for each range. It led to the great volume

of calculations.

Thus, there is a contradiction: increase of closeness of agreement of linear

equation system solution to test data led to unacceptable increase of calculation

amount. To solve this contradiction, the principle of “another dimension”

(Altshuller et al. 2005) was used, where “another dimension” means transition to

the category of nonlinear functions (equations).

The transition to nonlinear equations allowed describing technical object func-

tioning more or less adequately but only in one field subsystem. For example, the

welding process had been described only in electrical subsystem. However, for any

real technical object, there are processes referring to different subsystems. In the

welding process, electrical subsystem is only initial one, and then heat subsystem

appears and then deformation, hydraulic, and other subsystems. While solving

6.1 NM of the ordinary differential equations
and the equation systems solution

6.1.1 Multi-
step methods

6.1.1.3 Pure-
implicit methods

6.1.2 One-
step methods

6.1.2.1.3
Explicit
methods

6.2 NM of the differential equations in
the form of partial derivatives solution

6.2.3 With the
wave equations

6.2.1 With
Laplace
equations

6.2.2 With the
heat-transfer
equations

6.1.2.1.1 Different
orders of accuracy
methods

6.1.2.1.2
Implicit
methods6.1.1.1.1 Modified

Euler method
6.1.1.1.2 Euler-
Cauchy method

6.1.2.2 Family of Euler methods

6.1.2.2.3 Method
with iteration
procedure

6.1.2.2.1
Simple
method

6.1.2.2.2
Method with
enumeration

6 NM of the Cauchy problem solution

6.1.2.1 Family of Runge-Kutta methods

6.1.1.1 Family of Euler methods

6.1.1.2 Family of
Adams methods

Fig. 13 Numerical methods of the Cauchy problem solution

8.1 R-functions method 8.2 Element-free Galerkin method 8.3 Spectral Galerkin method

8 NM of the meshless equation solution

Fig. 14 Numerical methods of the meshless equation solution

7.1.1 Matrix
pass
method

7.2 Iterative methods

7.2.5 Modified
alternate-
triangular method

7.1.2
Differential
pass method

7.2.1 Simple
iteration method

7.2.2
Seidel
method

7.2.3Top
relaxation
method

7.2.4 Alternate-
triangular
method

7.2.6 Implicit method
with Chebyshev set
of parameters

7.2.7 Method of
variable orientations

7.2.8 Jacobi
method

7.2.9 Hybrid
methods

7.1.3 Reducing
method

7 NM of the grid equation solution

7.1 Direct methods

Fig. 15 Numerical methods of the grid equation solution
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nonlinear equations for different subsystems that are not connected with each other,

significant mistakes appear. There is a contradiction, which can be eliminated by

the principle of “merging” (Altshuller et al. 2005). A technical object can be

described with the system of nonlinear equations, etc.

Eliminating contradictions that appear during development of numerical

methods, the line of evolution of description models of real physical objects is

described (see Fig. 4.10). Similarly, the evolution of the individual methods for

solving tasks is considered.

Let’s consider the first model, which is the method of solution of linear algebraic

equations. Let it is required to increase method’s rate of convergence (to decrease

number of final arithmetic calculations). The rate of convergence is limited by the

number of arithmetic calculations for direct and counter operations (time for

performing direct and counter operations). Time for operations performing depends

directly on a type (a structure) and a degree of a matrix: solution will be found faster

if degree is less. The case with structure of a matrix is similar, because solution will

be found faster if structure is simpler (Danilina 1976).

Therefore, to decrease the number of final arithmetic calculations, it is necessary

to make a mathematical model of the real world that contains a matrix of a medium

degree (<100) or, and that is better, of a small degree which angle minors shall be

nonzero. But such mathematical model does not fully describe the behavior of

system macro-models (Fig. 16).

This mathematical model does not completely describe the behavior of macro-

models of different nature systems. There is a contradiction: with increasing rate of

the Gauss method convergence, the number of real object macro-models decreases

unacceptably. To eliminate this contradiction, it is proposed to use the principle of

Non-linear
algebraic
equations
systems

Interpolation

Differential
equations
systems

Grid (finite-
difference)
equations

Linear
algebraic
equations
systems

Non-linear
algebraic
equations

Numerical
integration and
differentiation

While increasing of usage range adequacy
decreases UNACCEPTABLY

Another
dimension

While increasing of adequacy volume of
calculations increases UNACCEPTABLY

While detailing volume of calculations
increases UNACCEPTABLY

While increasing of adequacy (time is meant)
accuracy decreases UNACCEPTABLY

While increasing of usage range
volume of calculations increases
UNACCEPTABLY

While increasing of adequacy time of
calculations increases INADMISSIBLY

Merging

Partial or
excessive actions

Rhythm
coordination

Segmentation

The inventive
principles

The
contradictions

Merging

Fig. 16 Evolution of the object description (Berdonosov and Redkolis 2014b)
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“feedback” (Altshuller et al. 2005). Numerical simple iteration method was used.

Analyzing other solution methods of linear algebraic equation systems, linear TRIZ

evolutionary map can be constructed (see Fig. 17).

After reviewing all the basic lines of method development, it is possible to

construct TRIZ evolutionary map of numerical methods (see Fig. 18).

Comparing the created TRIZ evolutionary map (Fig. 18) and the initial classi-

fication, it is noted that:

1. Simple and demonstrative presentation of the numerical method structure was

created that can be used in education if there is limited time to study a significant

volume of material.

2. Development of numerical methods as other artificial systems (e.g., program-

ming paradigms) is subordinated to clear logic of ideality increase.

3. Quantity of “basic” numerical methods that are required to learn for solving

different problems were reduced due to excluding methods that have similar

ideality.

TRIZ evolutionary map (see Fig. 18) considers only evolution of computational

methods of mathematical tasks solving in terms of numerical methods and does not

consider all of mathematical methods known for today.

It should be noted that the use of TRIZ evolution map is suitable for a particular

subject area. Such area is a group of systems designed to solve a particular class of

problems (in mathematics, it is computational mathematics, mathematical statistics,

mathematical logic and chaos theory, etc.). For these groups, it is necessary to build

the different TRIZ evolutionary maps, carefully defining operating parameters

characterizing systems of each group.

While increasing of the accuracy of
calculation the rate of convergence
decreases UNACCEPTABLY

Simple
iteration
method

Method of the
minimal

discrepancies

While increasing of the rate of convergence of the
Gauss Method the number of the real world objects
macro models decreases UNACCEPTABLY

Another
dimension,
Feedback,

PriorAction

While increasing of the rate of convergence
of the Simple iteration method the error of
calculations increases UNACCEPTABLY

While increasing of the accuracy of
calculation the rate of convergence
decreases UNACCEPTABLY

While increasing of the real world described
objects number the error of calculations
increases UNACCEPTABLY

While decreasing of the
number of calculations the
error increases
UNACCEPTABLY

Intermediary

Prioraction,
Intermediary

Intermediary,
Useful action continuity

Intermediary,
Segmentation

The inventive
principles

The
contradictions

Top
relaxation
methodIterative

method with
Chebyshev

set of
parameters

Gauss
method

Iterative methods with
use spectral

equivalence operators
(preconditioning

methods)

Prior action
Method of

the conjugate
gradients

Fig. 17 Evolution of methods of linear algebraic equation system solution (Berdonosov and

Redkolis 2014b)
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By this means, TRIZ evolutionary approach can be successfully applied to

knowledge systematization of objects and processes not only in technical but also

in any other fundamentals. Such example of the TRIZ evolutionary approach

application in nontechnical scientific knowledge is budgeting. It is a process of

the organization management, which includes coordinated planning and control of

financial and economic state with distribution of responsibility for results of

operation. Evolution of budgeting paradigms in accordance with the TRIZ evolu-

tionary approach is shown in Fig. 19.

Our team has been developing TRIZ evolutionary maps for systems from

different subject fields to confirm this thesis for several years.

So, the first map was made for addressing systems of a dynamic access memory.

It was called one-dimensional and not TRIZ evolutionary yet. Then, the map for

numerical methods was developed (see Fig. 18). This map was constructed as a

composition of several linear maps. One line on this map was the development of

methods for describing real objects representing the equation or system of equa-

tions. Other one-dimensional maps, representing development of methods for

solving equations (or equations systems), were attached to each element of this

line. Then maps were constructed for a number of systems related to the software:
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Fig. 18 TRIZ evolutionary map of numerical methods (Berdonosov and Redkolis 2014b)
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computer-aided software engineering systems, programming paradigms, object-

oriented programming languages, mechanisms of object-oriented programming

languages, etc. As the milestone, it was concluded that the most common structure

of a map is a tree (linear and composition of linear structures are special cases of a

tree structure).

In addition, for more evident and compact representation of objects, which are

map elements, it was offered to use the “frames.” Frame is a structure that contains

the description of the object, process, event, phenomenon, or situation in the form

of some pattern, while a described system exists within a certain paradigm of

scientific knowledge.

Finally, considering these statements, a map was constructed for a system from a

nontechnical subject area. It was TRIZ evolutionary map of budgeting paradigm

(see Fig. 19).

The work dedicated to constructing TRIZ evolution maps continues now. The

following maps are in process: statistical methods (mathematics), manufacturing

execution systems (management), and expert systems (software). Thus, it can be

said with confidence that even such nontraditional subject areas for TRIZ as

mathematics, programming, economics, and management can be systematized by

means of TRIZ evolutionary approach.

5 Discussion and Conclusions

TRIZ is an excellent tool for systematization of a wide range of artificial systems

according to researches (Berdonosov and Redkolis 2011, 2014a, b; Berdonosov and

Sycheva 2011; Berdonosov 2012, etc.). TRIZ evolutionary map is as a result of

such systematization. The basic TRIZ trend lines are presented in a map: increasing

ideality through contradiction elimination, roll-in–roll-out, etc.

Mechanical Principle
Replacement,
Streams coordination

New cameral
accounting

Prior Action, Segmentation,
Early Cushioning,
Consolidation

Old cameral
accounting

Local Quality, Prior
Action, Segmentation

Traditional
budgeting

Early Cushioning, Local
Quality, Feedback, Self-service

Constant
accounting

Law of coordination,
Law of ideality increase,
Local Quality,
Segmentation

Process-oriented
budgeting

Law of coordination

Budgeting focused
on result

Systems without
a budget

Local Quality,
Segmentation

Fig. 19 TRIZ evolutionary map of budgeting paradigm
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If TRIZ is used as a foundation for analysis of different artificial systems (from

technical to knowledge systems), the efficiency of educational process will

increase. The educational process is aimed at learning main types and objective

laws of definite artificial systems.

Totally, it can be concluded that usage of the TRIZ evolutionary approach

allows intensifying the study of knowledge areas by systematization of knowledge

not only at the level of contradiction resolution but also at the level of contradiction

formulation.

The way of thinking “from a contradiction to a contradiction” allows systema-

tizing information about a problem, formalizing this problem, selecting parameters

which are improved or worsened, and formulating it clearly that speeds up the

search of solution. Sometimes the correct question is already the best answer.

However, it should be understood that the active use of the TRIZ evolutionary

approach to the knowledge systematization in the educational process requires the

preparatory activities. In particular, it is necessary to develop some reference

models of TRIZ evolution for different subject areas. Obviously, the evolution

mechanisms (“rules of construction”) for the systems belonging to the natural or

technical studies may be different from the evolution mechanisms of the humani-

tarian or social systems. The existence of such differences, first of all, is explained

by the different definition of objects and subjects in studies of different classes.

In addition to education, another perspective field of TRIZ evolutionary

approach application is its use for systematization of information about a subject

area in order to forecast the demand for the creation of a new system and control the

evolution of a system group. Currently the authors unify and generalize the termi-

nology and develop ways to apply TRIZ evolutionary approach in order to predict

the development of artificial systems, considering types of contradictions. Also, if

the TRIZ evolutionary approach is used, engineering quality increases at stages of

analysis and proposals (researches) of new implementations of technical systems.
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Contradiction-Centred Identification

of Search Fields and Development Directions

Verena Pfeuffer and Bruno Scherb

Abstract Anticipating changes in the environment of a company, aligning its

strategy for the future to these changes and identifying new business fields are the

tasks of the innovation management function within a company. In order to achieve

structured and systematic action in this early phase of the innovation process, a

TRIZ-based procedural structure was developed for deriving search fields and

development directions.

Due to the different levels of detail of the search field and development direction,

two separate structures were created, in which extrapolative and retropolative

methods were combined in order to generate a holistic vision.

For the procedural structure for derivation of search fields, an extrapolative

procedure is combined with a retropolative approach. The extrapolation contains

a combination of TRIZ and foresight methods, which assist in deriving require-

ments. The interactions between these requirements are then analysed, and key

contradictions are identified from this analysis. Overcoming the key contradictions

between individual requirements is embodied in future-oriented search fields. The

extrapolative approach is combined with retropolative methods such as scenario

technique and/or visioning, in order to generate visions of the future and use these

to deduce strategies for the future.

In addition to the procedural structure for deriving search fields, a further

structure was defined for deriving development directions. It is fundamentally

possible to derive development directions starting from existing search fields or

from the solution space with an already existing product. If one starts with a search

field, the procedural structure prepared for search fields can be adopted. If one starts

in a specific solution space, the procedure begins with a history and product

analysis, uses development front analysis to show the current state of development

and continues with S-curve analysis, application of the development laws and trend

screening.
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1 Classification in the Innovation Process and Relevance

of the Subject

The innovation process as described in the literature is divided into the fuzzy front

end, new product development and commercialisation phases (Koen et al. 2001). In

a variation on this principle, Schaeffler regards the fuzzy front end as the Schaeffler

innovation process, which is the responsibility of corporate innovation manage-

ment. The fuzzy front end comprises the phases “identification, generation and

evaluation”. In the identification phase, the search fields and development direc-

tions are identified first, from which the problem issues are derived. In the gener-

ation phase, ideas are then developed to address these problem issues. In the third

phase, the ideas are then evaluated. The best ideas are implemented in the advance

development and product development process. In this case, the funnel form in

Fig. 1 reflects the search space. This comprises the entire environment of the

company, including trends, market situation, strategy of competitors and in-house

competences. On the basis of these individual methods and the widely varying

external and internal influences and pieces of information, search fields and devel-

opment directions are derived.

A systematic procedural structure is to be prepared here, which can then be used

to arrive at a structured analysis of the company’s environment and, based on the

information gained, to then derive search fields.

The requirement for action is the result of increasing globalisation. This leads to

increasing market pressure with an intensification of international competition.

Many market sectors are experiencing a paradigm shift. While, in the past, the

Fig. 1 Innovation process of Schaeffler AG & Co. KG (2015)
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innovation cycles were long, plannable and in some cases even predictable, the

picture is now of radical growth in the pace of innovation. New competitors are

entering the market—in some cases from quite different sectors and new technol-

ogies are making it possible to achieve completely new solutions to problems. In a

dynamic environment of this nature, the classic approaches applied in innovation

management are too slow to keep pace with the changes. The strategy for survival

in markets that are ceaselessly becoming more dynamic lies in increasing both the

strength and speed of innovation.

These challenges can be confronted by paying particular attention to the iden-

tification phase of the fuzzy front end. However, only rudimentary systematic

structures have yet been established in this respect. At the implementation level,

the so-called back end, clearly structured processes for advance development and

product development are applied in order to create milestones, activities, rules and

project plans that will proceed through a stage-gate process. In the fuzzy front end

of identification, searching for a direction and deciding on a direction, only indi-

vidual methods are present, while a systematic structure in processing for deriving

search fields and development directions is only available in the form of

approaches.

2 Fundamental Definitions

For the development of a procedural structure, it is necessary to prepare a definition

of the term “search field” as a basis for work and communication. Starting from this

definition, other essential terms such as development direction, development fore-

cast, development line and development front are defined and delimited.

The search field is defined as that element in the environment of a company that

addresses trends covering usually more than one market sector and/or is

characterised by new technologies. Search fields are the result of requirements

that have not been adequately met, problems that have not been solved and/or on the

basis of new possibilities. A search field describes the structural framework with

defined boundaries.

Other criteria for a search field are:

• Significant global relevance

• Neutral in terms of function and solution

• A relevant time window with a fluid beginning and end

• A subject area of a consistent nature

• Conceptual focus on the future

• Several development directions that often result within one search field

In the development of a company’s strategy for the future, the search fields

relevant to the future must be identified and described. These are oriented to the

company’s own competences.
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The term development direction is used to describe a key development issue

within a search field that specifies the implementation of a function or places the

focus on certain components. The development direction with the greatest potential

is the extrapolative alignment of the current development front in the direction of an

ideal system.

The delimitation of the terms development line, development forecast and

development front of a development direction is shown in Fig. 2. The development

directions are portrayed by means of arrows. Each development direction often

contains more than one development line, which results in turn from the combina-

tion of individual S curves. The development front reflects the current state of

technology, while the development forecast shows the probable continued devel-

opment in the future.

For better understanding, an example from actuator technology can be used.

In order to facilitate conversion of rotational into translational motion, trapezoi-

dal lead screw drives (1) are used first. In order to reduce their friction, ball screw

drives (2) are developed later. Due to the replacement of sliding friction by rolling

friction, friction is significantly reduced, which increases the efficiency level. In

order to further increase the performance density and prevent slippage, ball screw

drives are taken as a starting point for the development of roller screw drives

(3a) and their subordinate manifestation, the inverted roller screw drive (3b). In

parallel with the screw drives, rotation can be converted into translation with the aid

of a combination of a pinion and toothed rack (4). Since the function of screw drives

and the pinion/toothed rack combination is the same, all these are compiled in one

development direction. The flatter arrows indicate that one development direction

may be subdivided on the basis of different objectives. Parallel development

Fig. 2 Delimitation of the terms development line/forecast/front/direction
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directions in the search field can include microactuators or electric motors, which

are indicated in the diagram by the two parallel arrows. While the S curves have

been modelled for all screw drives and the pinion/toothed rack combination, only

the development line of the roller screw drive is shown by the thick strip for the

purposes of better transparency.

Development lines describe the development of technical systems along an S

curve. In this process, the systems pass through the phases of development, growth,

continuation, maturity and degradation. Through the development of a new system

or a new generation, the transition to a new S curve can be created. The develop-

ment line follows the jump to the new S curve and then travels along it. If a

technical system gives rise to more than one new system, the development line is

divided as shown in Fig. 2 for the S curves of roller screw drive and inverted roller

screw drive (WOIS Institut 2008).

The development front describes the current state of technology and highlights

variants for implementation within the same market sector or in areas outside the

market sector. Due to the morphological procedure in the search for the different

versions of functional implementation and the abstraction of individual

subfunctions to basic functions, alternative concepts can be searched in a targeted

manner. The development front is set by the current barriers to development that

cannot yet be overcome with the current level of knowledge, the available tech-

nologies and the existing materials (Linde et al. 2008).

Through extrapolation with the aid of laws, the development forecast gives a

forecast of the development directions with significant potential for the whole

system and its subsystems. First, the development front is analysed in order to

search the possibilities for expansion of their performance limits. The current

barriers to development can be overcome in this way. The discrepancy in the

development status of individual subsystems is also reflected in the development

forecast, since this forecasts larger development steps for less developed systems

(Linde et al. 2008).

3 Procedural Structure for Search Fields

Figure 3 shows in schematic form the concept underlying the procedural structure

prepared.

The search fields to be derived are located at the centre of the diagram and are

characterised by requirements and trends. One requirement, for example, is the

wish for mobility. On the other hand, there is a trend towards increasingly stringent

environmental rules and the increasing awareness of environmental protection. A

search field reconciles different requirements and supplies solutions, for example,

under the heading “Green Mobility”. Within a search field, various development

directions are generated that contain the solution spaces. The shape—similar to that

of an hourglass—represents the process of narrowing down from the requirements

and trends to the search fields and the subsequent opening out into the space for
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development directions and solution spaces. For the derivation of strategies for the

future with the aid of search fields, extrapolative and retropolative methods are

combined with each other. Extrapolation contains an analysis of the current situa-

tion (actual state analysis) and in cases also the past (history analysis) and uses the

evolution laws to present these as a forecast of developments extending into the

future. With the aid of retropolation, desired visions of the future are created, from

which strategic subject areas are derived in order to generate a long-term perspec-

tive. The extrapolative and retropolative images are overlaid, thus giving a com-

prehensive vision of the future. All the derived search fields must not contradict the

vision and mission, objectives, values and strategies of the company. The entire

system and the procedural structure are characterised by external influences, such as

the economic situation or social structures. For the derivation of search fields, all

these influences must be taken into consideration, identified and analysed.

In the extrapolative approach, different individual methods such as environmen-

tal scanning and impact analysis are combined with the central idea taken from

TRIZ, the formulation of contradictions.

The retropolation comprises the scenario technique shown on the middle branch

and the visioning shown on the right. Both are based on the assumption of the

influencing factors as determined in environmental scanning within the framework

of the extrapolative approach. Depending on the available resources, either the

comprehensive approach of scenario technique or the prioritising technique of

visioning can be used (Fig. 4).

The extrapolative approach shown on the left comprises several individual

methods as follows.

Extrapolation
Based on the 
ACTUAL situation, 
strategies for the future 
are derived.

Tools
Environmental scanning
Impact analysis
Trend analysis

Retropolation
Based on the 

creation of visions 
of the future, strategies 

for the future are derived.

Tools
Scenario technique

Visioning
Search field

Trend

Requirement

Development direction

Solution space

Company: Vision – Mission – Objectives – Values – Strategy

Society

Ecology

Politics

Economy

Management

Customers

Competition

Technology

Fig. 3 Classification of search fields
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The first step in the derivation of search fields is environmental scanning. With

the aid of a STEEP analysis, trends for all areas of business are identified in the

environment of a company, from which the effects and influencing factors are

derived. As in the case of TRIZ, STEEP is an acronym and stands for “Society,

Technology, Economy, Ecology, Politics”. This means that trends are brought

together in tabular form for all areas of business and for each of the five environ-

ment sectors. The environment sector Economy includes also the influences of

customers, competitors and management as shown in Fig. 3. They are visualised in

Fig. 3 to point out their importance. The information in this process was obtained

from all available sources such as the Internet, reference literature and internal trend

scouting data. The trends listed are then characterised by means of influencing

factors, and the underlying requirements such as environmental protection, mobil-

ity and increasing energy demand are then determined from the perspective of the

stakeholders. If shifts in the relevance of individual areas of business are found,

these can additionally be taken into consideration. In order to reduce the amount of

work required, it is advisable under certain circumstances not to perform the

Fig. 4 Procedural structure for the derivation of search fields
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evaluation individually on all areas of business but to carry out clustering or

prioritisation beforehand.

In the second step, the requirements determined in environmental scanning must

be addressed in an impact analysis. In this case, the requirements identified within

the framework of environmental scanning are assessed in relation to their interac-

tions. An interaction matrix is used as the principal tool here. Since this work is

carried out using requirements instead of quantifiable influencing factors, it must be

ensured that only the core effects of the individual requirements are taken into

consideration. The result obtained with the interaction matrix comprises active and

passive totals. For calculating the active and passive totals, it is graded how strongly

the impact of one requirement to another is and vice versa. The following valuation

factors are used to compare the impacts:

• 0: no impact

• 1: small impact

• 2: middle impact

• 3: big impact

The active total indicates how strongly one requirement affects others, while the

passive total describes how strongly requirements are influenced by others. It is not

relevant in this case whether the requirements reinforce each other or are in

contradiction with each other. With the appropriate expertise, individual assess-

ments will give a statistical evaluation containing values that can hardly be differ-

entiated from each other. A more suitable method here is joint assessment by a

group of experts.

The active or passive totals are transferred in the next step to an active/passive

diagram. The active/passive diagram is a representation of the portfolio that is

flagged up by the relevant active and passive totals of the individual requirements.

For each requirement, there is one point in the diagram, and the points that show the

largest active and passive totals are identified as so-called key requirements.

The key requirements are displayed in the next step in an interaction model as

shown in Fig. 5. The objective of this model is the representation of the interactions

between the identified key requirements. The dashed-line arrows indicate mutual

dependence, while a solid-line arrow symbolises requirements that contradict each

other.

The central idea of the procedural structure prepared is to transfer the TRIZ core

philosophy for the resolution of contradictions into the foresight process. Contra-

dictions between the derived key requirements are identified, and the ways of

overcoming these contradictions represent potential search fields. From the dia-

grammatic representation of the contradictions and the mutual dependences, trian-

gular relationships are extracted, comprising two contradictions and one mutual

dependence. The triangular relationship of the requirements “energy demand”,

“environmental protection” and “mobility” is used as an example.

The triangle is transferred into the WOIS bubble model (see Fig. 5). One of the

two key requirements in the mutual dependence, in this case “energy demand”, is

used as a lead value. This means that, if there is an increase in this value, the
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dependent target factor “mobility” will also increase, in contrast to the second target

factor “environmental protection”, which will decrease. This second target factor is

accordingly in contradiction with the first target factor and the system parameter.

These interactions are illustrated by the arrows between the bubbles.

In order to resolve the contradictions shown in the WOIS bubble model, the

40 inventive principles are applied in the classic TRIZ doctrine. This idea is now

also transferred to the foresight field by identifying contradictions between the key

requirements. Overcoming these contradictions represents a potential search field.

Adapted “foresight principles” can be used to this end. These correspond in some

cases to the classic innovation principles, and in other cases they are newly

developed principles.

With the aid of the principles, impulses are identified on the basis of the data in

environmental scanning that are used in the resolution of the contradictions.

Impulses are described as brief descriptions of trends or individual aspects of a

trend. The impulses found are clustered as search fields (Fig. 6).

The retropolative approach completes the derivation of search fields beside the

extrapolative approach. It consists of scenario technique and/or visioning.

The scenario technique is used in a classical manner with the individual step

scenario preparation, analysis of the scenario field, scenario prognosis, scenario

building and scenario transfer as it is taught by J. Gausemeier (Gausemeier

et al. 2009).

With the aid of visioning, desired visions of the future are created. These are

drafted starting from the critique of the present or fears for the future formulated as

headlines. The best vision nuclei derived from the desired visions of the future are

the filtered out.

For the identified search fields, diagrammatic preparation of the data is possible

in the form of a radar. This shows a time-based classification, in other words

whether further research must fundamentally be carried out on a search field or

whether the commercialisation phase has already been reached. This classification

Fig. 5 Interactions of the key requirements
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is comparable with the phases of the innovation process as presented originally.

Further research is carried out in the fuzzy front end and the potentials of a

technology, for example, cannot yet be foreseen. In addition to the time-based

classification, the significance for the immediate company can be shown in a second

dimension.

4 Procedural Structure for Development Directions

In addition to the procedural structure for deriving search fields, a further proce-

dural structure was designed for development directions. Development directions

are generated within a search field and contain the actual solution space. Develop-

ment directions can be developed either on the basis of a top-down approach, in

other words drawing from the future backwards, or through a bottom-up approach.

Fig. 6 Search fields in the contradiction between environmental protection and mobility
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For the top-down approach, in other words where development directions are

derived starting from the search field, the procedural structure can essentially be

adapted in order to derive search fields. In this case, environmental scanning is first

carried out for a particular search field. The requirements thus identified are

assessed in terms of their interaction and transferred into the active/passive dia-

gram. Key requirements can thus be derived for which contradictions can be

defined in a similar way to the procedure for search fields. The contradictions are

used as the starting point for deriving future functions and requirements.

The bottom-up approach draws on existing products or systems in the solution

space. In this case, development directions are displayed using various TRIZ

methods. Various methods and tools with different objectives are available to this

end, which are taken from the classic TRIZ doctrine or further developments such

as WOIS, I-TRIZ or Gen3. For each objective, a method was selected that was most

suitable for the problem described as “identify development directions”. One part of

the methods taken from preliminary selection is later compiled in a procedural

structure. The following objectives can be implemented with the aid of TRIZ

methods:

• History analysis: With the history analysis of directed evolution from I-TRIZ,

the individual development steps for a technical system can be displayed without

a specified time period. It additionally incorporates the upper and lower system,

technical boundaries in the past, the history of resources, the development of

organisations included, the history of user markets, problems that have arisen

and concepts that have been rejected (Zusman and Zlotin 2001).

• Product analysis/S-curve analysis: Each development proceeds along an S curve.

S-curve analysis is used to determine the current position of a technical system

on the S curve. It can thus be established how the system will develop in the

future. By means of product analysis in accordance with WOIS, the system is

separated into its individual components, and the position is determined for each

individual component (Linde et al. 2008).

• Evolution laws: Developments can be shown with the aid of laws by using the

development laws in accordance with WOIS. A distinction is made between

stages, factors, steps, laws, strategies and phases. WOIS offers the advantage

that an analysis is completed at the component level. It is also possible, on a

similar basis to directed evolution, to show system weaknesses and hazards

arising in the future as well as to identify methods and conditions that are

required for the realisation of individual steps (Linde et al. 2008).

• Determination of overall objective: Overall objectives can be determined using

the method for determination of overall objectives in accordance with WOIS.

Moving away from the component level, individual overall objectives are

defined for functions, actions and customer groups. Interactions between the

components are also identified (Linde et al. 2008).

• System and system environment: The system environment is analysed with the

aid of WOIS. In particular, this makes it possible to clarify the interactions

between individual components or with the environment, the transfer of similar
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functions to different components and extreme users and environmental condi-

tions (Linde et al. 2008).

• Process analysis: Processes are characterised with the aid of process analysis in

accordance with WOIS. The sequence and temporary dependences of the indi-

vidual process steps in development and production are considered. Interpreta-

tion is focussed on particularly critical subfunctions (Linde et al. 2008).

• Development front analysis: The development front can be analysed with the aid

of development front analysis in accordance with WOIS. The system is

subdivided into its individual functions in accordance with a morphological

procedure. For each subfunction, searching is then carried out for implementa-

tion structures. In addition, a targeted search is carried out for analogous

structures specifically outside the core market sectors (Linde et al. 2008).

• Trend screening: For the analysis of trends, the trend screening function of

WOIS can be used. The user is presented with a list of societal and technological

trends. The user transfers these to the technical system and develops ideas for

fulfilling objectives in terms of benefits or outlay by changing the lead values.

The focus of the user is specifically on the identification of requirements and

functions (Linde et al. 2008).

• Main parameters of value: For analysis of the added value characteristics of a

technical system, the method main parameters of value from Gen3 can be

applied. On a similar basis to development front analysis, functions and charac-

teristics are defined that lead the customer to make a purchase. An analysis is

then carried out for each function to determine which technical value is respon-

sible for the fulfilment of the functions (Gen3 Partners 2014).

The methods described are essentially suitable for identifying development

directions. However, a selection must still be made from the entire range of

methods as a function of the customer or product portfolio, since many methods

can only deploy their advantages for certain applications. The method that is

suitable for a certain set of tasks can be found in Table 1.

Schaeffler is a business-to-business company and produces not only individual

components but also complex technical systems. The appropriate procedure for the

bottom-up approach is therefore one with history analysis, product analysis, the

application of evolution laws and analysis of the development front, together with

incorporation of current trends. For individual components or technical systems

with very few components, product analysis should ideally be replaced by an

S-curve analysis in accordance with the classic TRIZ doctrine.

In conjunction with the top-down approach, the procedural structure is as shown

in Fig. 7. If Schaeffler wishes to make inroads into a new search field, future

development directions are defined using the top-down procedure. If the aim is to

develop existing products further and identify new development directions, on the

other hand, the bottom-up approach is used.
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5 Conclusion

The classic foresight process mainly encompasses intensive trend screening and its

interpretation. This does not allow the systematic derivation of search fields or

development directions. The procedural structure created starts with trend

searching and its interpretation. From this starting point, the underlying require-

ments are analysed. The idea of generating contradictions between the identified

requirements is based on the classic TRIZ doctrine and offers a high level of novelty

in the search fields derived as a result. The essential challenge lies in overcoming

the contradictions. This difficult task is supported in a systematic manner through

the use of the classical TRIZ adapted from foresight principles.

The procedural structures derived using the approaches drawing from the future

backwards (top-down) and starting from an existing solution (bottom-up) are also

applicable, using the selected methods and tools, for small- and medium-sized

enterprises with a justifiable level of work.

Table 1 Guide for selection of methods for the derivation of development directions

Method

Business to business Business to consumer

Technical system

Individual

component

Technical

system

Individual

component

History analysis Suitable Suitable Suitable Suitable

Product analysis Suitable Not suitable Suitable Not suitable

Development

laws

Suitable Suitable Suitable Suitable

Determination

of overall

objective

Only suitable

under certain

conditions

Only suitable under

certain conditions

Suitable Suitable

System

environment

Only suitable

under certain

conditions

Only suitable under

certain conditions

Suitable Only suitable

under certain

conditions

Process analysis Suitable Only suitable under

certain conditions

Suitable Only suitable

under certain

conditions

Development

front analysis

Suitable Suitable Suitable Suitable

Trend screening Suitable Preferably only for

technological

trends

Suitable Preferably only for

technological

trends

Main parameters

of value

Only suitable

under certain

conditions

Only suitable under

certain conditions

Suitable Suitable
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Five-Step Method for Breakthrough

Vladimir Petrov

Abstract The chapter presents a TRIZ-based algorithm to support idea generation

in inventive problems. The method differs to all known algorithms including

classical ARIZ, and it requires smaller amount of time to learn it and to apply

while retaining the same amount and quality of ideas.

Forty years of experience of TRIZ application, teaching, and development

resulted in this five-step easy-to-use roadmap.

The algorithm is supposed to be used by engineers, researchers, students,

inventors, and people solving complex problems in business, government, and

social environments, as well as everyday problem solvers.

1 Introduction

This chapter presents a new algorithm for the guided brainstorming in inventive

problems of various backgrounds. The algorithm is based on the theory of inventive

problem solving (TRIZ) developed by Genrich Altshuller (Altshuller 1984, 1987,

1999; Altshuller et al. 1999; Salamatov 1999). More specifically, the method is

derived from its central part, which is called algorithm of inventive problem solving

(ARIZ). ARIZ is a step-by-step program for the analysis and solution of inventive

problems. The first version of the algorithm appeared in 1956 (ARIZ-56). Here is

the list of all versions released by Altshuller and his followers: ARIZ-59, ARIZ-61,

ARIZ-62, ARIZ-63, ARIZ-64, ARIZ-65, ARIZ-71, ARIZ-71B, ARIZ-71C, ARIZ-

77, ARIZ-82, ARIZ-82A, ARIZ-82B, ARIZ-82C, ARIZ-82D, ARIZ-85A, ARIZ-

85B, and ARIZ-85-C. The latest modification of ARIZ includes three basic com-

ponents: program, information support, and methods to control the psycholog-

ical factors.

As known, ARIZ consists of a sequence of operations for the following func-

tions: exposure and solution of contradictions (see the basic sequence of ARIZ),
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analysis of the initial situation and selection of the problem to be solved, synthesis

of the solution, analysis of the obtained solutions and selection of the best option,

development of obtained solutions, documenting the best solutions, and generali-

zation of these materials to improve the ideation method for approaching other

problems. The structure of the algorithm and the mechanism for its implementation

are based on the laws and regularities of engineering systems evolution.

The information support is provided by a knowledge database, which

includes a system of standards for the solution of inventive problems, engineering
effects (physical, chemical, biological, mathematical, and particularly geometric—

the most developed effects at the present day), techniques for the elimination of
contradictions (inventive principles), and methods for the application of natural
and technological resources.

Methods for the control of psychological factors are necessary due to the fact

that as ARIZ is not a computer program, the problems are being solved by humans.

Therefore, a problem solver is influenced by psychological inertia, and it is neces-

sary to control this phenomena. Furthermore, these methods assist creative imag-

ination that is necessary in complex inventive problem analysis.

However, ARIZ turned out to be as powerful as demanding analytical tool. To

study ARIZ, one needs at least 100 h and around 80 hands on exercises. Another

limitation is the application field, and ARIZ was designed to solve technical

problems only. Multiple reviews report a sad fact that the practice ignores ARIZ

(Moehrle 2005; Ilevbare et al. 2013; Chechurin 2015).

Forty years of author’s TRIZ practicing, teaching, discussing, and development

resulted in formulation of a new version of inventive problem analysis roadmap that

requires 4–8 h of training while being applicable for not only engineering domain.

At the same time, the approach retains the valuable essence of TRIZ.

The five-step method was first introduced in 1977 (Petrov 1977) as the attempt to

assist the growing difficulties of learning ARIZ. Indeed, ARIZ-1977 introduced

bigger amount of particular steps, for example, the contradiction analysis was given

the physical contradiction formulation and elimination technique. The first version

of the method was called “ARIZ logic” since it navigates the user through it. There

were some changes in the approach itself, and the biggest are listed below:

1. ARIZ steps are aggregated. Only administrative-engineering contradictions,

ideal final result, physical contradictions, and solution.

2. The notation of contradictions was changed (from “engineering,” “physical”) to

extend the ideation support to nontechnical fields.

3. The links between all types of contradictions are shown. Graphical model is

suggested.

4. Physical contradiction analysis means many levels of depth. The contradiction is

in-depth analysis until the key cause is revealed.

The new algorithm has been discussed and improved since 1977 in the enormous

amount of seminars and consulting meetings by students, clients, and colleagues.

The first English version appeared in 2004 (Petrov 2004).
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Since its earlier days, the method has been used in various fields of engineering,

business, management, etc. For example, shipbuilding, aviation and space, printing,

various automatic control devices, quality control devices, robotics, military indus-

try, communication and radio engineering, biotechnology, medicine and medical

devices, sports and sports equipment, information technology, methods for improv-

ing strategies and tactics of various management processes, etc.

The remainder of the chapter is organized as follows:

Part 2 provides the whole algorithm at a glance and defines contradictions and the

way to use them.

Part 3 introduces the concept of ideal result, its definition, and properties. Examples

illustrate the concept.

Part 4 presents the detail problem solving process chain.

Part 5 describes the interconnection of all types of contradictions and ideal result.

The graphical scheme of these links is given.

2 Five Steps

2.1 The Sequence of Steps

The method comprises five steps (Fig. 1):

1. Problem description

2. Defining the parameters of the system

3. Determining the direction of solutions

4. Determining the properties of the system

5. Solution

Fig. 1 The five-step

method
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2.2 What Are the Steps and How to Use Them

1. Problem description. Description is made in an arbitrary form, while it is

obligatory to indicate:

1.1. The purpose of the system (the main system function)

1.2. The composition of the system (list all system components)

1.3. The disadvantage of the system or what needs to be improved

2. Defining the system parameters.

2.1. If there is a disadvantage, identify what good does the system do.

2.2. If system improvement is necessary, indicate what bad result might accom-

pany the system improvement.

3. Determining the direction of solutions.

3.1. The solution direction is determined by an ideal result to be achieved.

4. Determining the system properties.

4.1. Determine what property the system should have to eliminate disadvantage

and what property the system should have that does not worsen the good

properties of the system. Usually these are diametrically opposed require-

ments (properties).

5. Solution.

5.1. Separate opposite properties, i.e., solve the problem.

Specifying requirements to the system leads to the contradictions identification.

3 The Concept of Contradictions

3.1 General Concepts

A variety of different means have been developed to satisfy human needs. But the

needs grow significantly faster than our ability to satisfy them, and this in its own

way serves as a source of technological progress.

The development of a new entity more often than not entails the improvement of

some set of technological parameters of a system.

Complicated inventive problems require a nontrivial approach because the

improvement of one system parameter leads to the undesirable deterioration of

another. The contradictions arise.

The solution of problems with the method constitutes a sequence for the exposure
and solution of the contradictions and the reasons that produce the given contra-
dictions, as well as their elimination by the use of the knowledge base. In this
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manner cause and effect relationships are determined—the essence of which is the

intensification and aggravation of contradictions.

For this purpose, the methods consider three levels of contradictions. Altshuller

named them respectively: administrative, technical, and physical.

3.2 The First Level Contradiction

The first level contradiction (C-1) is the contradiction between the expressed need

and the ability to satisfy that need.

This contradiction lies on the surface. It is viewed by everyone. It is easy to

define. These contradictions are often produced by administrators or customers;

therefore, Altshuller called it administrative contradiction. It is expressed in the

following possible manner:

• “It must be completed immediately, but it is unknown how.”

• “Some kind of system parameter is faulty, so it must be fixed.”

• “It is necessary to eliminate the shortcoming, but we don’t know how.”

• “There is spoilage in the production of wares, but the reason is unknown.”

In this manner, the first level contradiction is expressed in the form of a harmful

effect (HE)—something negative or the necessity to create something new by

unknown means.

The first level contradiction is expressed as:

1. Improvement (I)—it is necessary to improve something, but how to do it is

unclear.

Is necessary to create parameter A—good.

Then schematically denote that the first level contradiction (C-1) in case of

improvement (I) is only a good parameter A.

C-1 Ið Þ : A

2. Undesirable effect (UE)—something is bad.

Parameter B—inadequate (bad).

Bad parameter conventionally denoted by anti-B.

Then schematically denote that the first level contradiction (C-1) in case of

undesirable effect (UE) is only a bad parameter B.

Then schematically denote that the first level contradiction (C-1) in case of

harmful effect (HE) is only a bad parameter anti-B.

C-1 UEð Þ : anti-B

Problem 1. The Bus
The bus should transfer more passengers. What can be done?
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This is the typical first level contradictions.

Type of the first level contradictions—improvement (I).

The first level contradictions: increase capacity (A).

Designing novel systems implies improvement of the system’s technical

parameters.

Complex inventive problems include contradictions, where improvement of

parameters of the system worsens other parameters excessively.

3.3 The Second Level Contradiction

The second level contradiction (C-2)—this is a contradiction between specific

parts, qualities, and parameters of a system. The second level contradiction arises

during the improvement of one part (quality or parameter) of a system at the

expense of the inadmissible deterioration of another. It reveals the reason for the

appearance of the first level contradiction by intensifying it. More often than not,

several second level contradictions (C-2) lie at the heart of the first level contra-

diction (C-1).

As a rule, by improving certain characteristics of an entity, we dramatically

worsen others. Usually it is necessary to search for a compromise, that is, to

sacrifice something.

The second level contradiction arises as a result of the disproportionate devel-

opment of different system parts (parameters). When there are a significant number

of changes to one of the system parts (parameters) and a sharp “lag” in development

of another (other) of its parts, the situation arises in which quantitative changes

from one side of the system (parameter “A”) act in contradiction with others

(parameter “B”). Solution of this kind of contradiction often requires the qualitative

change of the technological system. This is manifested in the law of transition from

quantitative to qualitative changes.

Altshuller considered contradictions in technical systems and called this kind of

contradiction as “technical (or engineering) contradiction.” Since modern TRIZ is

applied to many kinds of systems including business and social systems, we prefer

to use the more general term “second level contradiction.”

For example, increasing the speed requires an increase in power; power increase

leads to an increase in energy consumption, which in turn leads to an increase in

size and weight.

Thus, the second level contradiction (C-2) is presented as follows:

• Speed—power

• Power—energy consumption

• Energy consumption—size and weight

Other examples.

• We want to make the object a stronger, but it gets heavier.
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C-2: stronger—heavier.

• The company hires more employees to give better customer service, but its

operating cost increases.

C-2: better customer service—cost increases.

• We make information systems more secure, but the user interface is complicated

and difficult to use.

C-2: more secure—difficult to use.

3.3.1 The Sequence for the Second Level Contradiction Identification

The second level contradiction is defined as the result of answering the following

questions (Fig. 2):

1. What we need to improve (parameter “A”)?

2. Are there any known methods for such improvement?

3. What would be inadmissible in such an improvement (parameter “anti-B”)?

(a) Improvement in parameter “A” leads to a deterioration of the parameter “B.”

Continuation of the above example.

Problem 1. The Bus (Continuation)

1. What we need to improve (parameter “A”)?

• Increase the bus capacity (A).

2. Are there any known methods for such improvement?

• Increased passengers’ capacity requires a larger bus.

3. What would be inadmissible in such an improvement (parameter “anti-B”)?

(a) Improvement in parameter “A” leads to a deterioration of the parameter “B.”

C-2: large capacity (A)—low maneuverability (anti-B).

Fig. 2 Sequence for the

second level contradiction

identification
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3.4 The Third Level Contradiction

The third level contradiction (C-3) is the coexistence of opposite properties (e.g.,

physical) in a certain part of a system.

This is necessary to determine the reasons producing the second level contra-

diction, i.e., the third level contradictions constitute the further intensification of the

contradiction. Amplification (intensification) of contradictions can be continued to

an even greater degree for the exposure of the contradiction’s initial cause. The

formulation of the third level contradictions sounds unaccustomed and even unor-

thodox—some part of the system should be located simultaneously in two

mutually exclusive states:

• Cold and hot
• In motion and motionless
• Long and short
• Flexible and rigid
• Electrically conducive and non-conducive
• Good and bad
• Thick and thin
• Complex and simple
• Want and do not want
• Love and not love
• Be and not to be
• Etc.

The study of reasons that produce the second level contradictions in technolog-

ical systems as a rule leads to the necessity of exposing contradictory physical

properties of a system. Therefore, Altshuller gave them the name physical

contradictions.

For clarity, the third level contradiction can be represented in the form of

unusual interval.

The interval representing a zone “A” is presented in the form of inequality

a< x<b ð1Þ

The graphical representation is given in Fig. 3.

The zone is used to search for the optimal solution, a compåromise.

TRIZ uses it in a completely different way.

First, define which property (p) should be the best for the system with parameter

A. Denote this property as P. Next, define which property (p) should be the system

to parameter B was the best. Denote this property as anti-P.

Such conflicting action is presented in the form of inequality
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P>p> anti-P ð2Þ

The physical contradiction can be presented as an unusual “interval.” The

graphical representation is given in Fig. 4.

We continue the examination of Problem 1.

Problem 1. The Bus (Continuation)

We will formulate the third level contradiction (C-3).

C-3: The bus should be larger in order to carry more passengers, and it should be

small to maintain maneuverability.

In this manner, the three types of contradictions we have examined form a chain:

the first level contradiction (C-1)—the second level contradiction (C-2)—the

third level contradiction (C-3), which determines the cause and effect relation-

ships in the technological system under examination.

C-1!C-2!C-3 ð3Þ

Conflicting properties should be resolved, i.e., we obtain a solution (S).

C-1!C-2!C-3!S ð4Þ

In the simplest case, contradictory properties can be resolved:

• In space
• In time
• In structure
• By condition

Problem 1. The Bus (Continuation)

The contradiction can be separated:

• In structure, by making the bus dynamic or flexible.

Solution:

• Two buses are joined with a bendable joint (as an accordion).

Fig. 3 The interval

P anti-P

A B p
Fig. 4 Graphic

representation of the third

level contradiction
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• In space.
Solution:

• A bus is put on top of another bus—double-decker bus.

• In time.
Solution:

• A lot of small buses.

• By condition.
Solution:

• The bus is expandable. At the peak hours, the bus is expanded and can take a

lot of passengers. Bus concertinas when few passengers. The bus is made

telescopic or accordion-like.

3.5 Features of the Five-Step Method

In conventional design, when improving certain characteristics of an entity, we

frequently dramatically worsen others. Then it is necessary to search for a compro-

mise, that is, to sacrifice something. TRIZ and the five-step method are different—

you use your understanding of the three levels of contradiction to find a solution that

gets rid of the problem, not a compromise that is only a partial solution.

Sometimes just the identification of the level 1, 2, or 3 contradiction can lead

directly to the solution. In other cases, the level 2 or 3 contradiction definition can

lead to a refinement of the level 1 contradiction statement, etc. Do not be surprised

if several iterations of thinking through the sequence of level 1, level 2, and level

3 are necessary to get a useful definition of the problem.

4 The Path to the Ideal

The solution of mathematical problems and problems “by quick-wittedness” is

often achieved by the method “reversing the process.” The essence of this method

lies in the fact that in order to solve a problem, you need to start with the end result.

The answer is to determine the final result. Clarifying this, the road to the begin-

ning, i.e., the solution of the problem, is “paved.”

It would be misleading to undertake the solution of technological problems in

the same way. But how can one find out the answer?

Indeed, during the solution of technological problems, the end result is

unknown; however, it is still possible to go on. It is possible to imagine the ideal

of a developed construction—this ideal construction is the ideal result (IR).
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Altshuller called it ideal final result (IFR).

IR is the beacon to which one should look during the solution of problems. The

closeness of the received solution to the ideal determines the level and quality of the

solution. IR is the solution we would like to see in our dreams, carried out by

fantastic creatures or means (magic wand), for example, a road that exists only

where it touches the wheels of transport vehicles.

Main Properties of IR

The ideal result contains:

Conflicting parameters comprising the contradiction are both good.

System is not more complicated.

All harmful effects are removed.

Every operation and result appear at the correct time and place.

No outside intervention is needed in order to perform all operations.

One of the basic traits of an IR is that it should appear only at the moment when it

is necessary to complete the necessary action, and, furthermore, at that time

it should undertake 100% of the rated working load.

This trait has been long known to us in fairy tales—“magic tablecloth,” etc.

Many examples can also be found in real life: retractable and folding objects,

folding and attachable furniture (tables, couches, beds, etc.), and inflatable objects

(boats, emergency vests, mattresses, pontoons, etc.).

Example 1 For the rescue of people during emergency aircraft landings in water,

English engineers developed a safety device that constitutes pontoons which

automatically inflate with compressed air.

IR of a means of transport is when it does not exist, but nonetheless the load is

transported (the load “itself” travels in the necessary direction with the necessary

speed).

Example 2 Automobile seat belts must be changed periodically. The concern has

been expressed that the material may weaken. Belts have been invented that show

by their appearance when they need changing.

Example 3 A layer of colored paint is applied to the tread of a protector and the

number of kilometers traveled by the automobile before attrition of the applied

layer is recorded. This method for evaluating the wearability of the tire is simple

and useful during testing of the longevity of new types and constructions. This

method can be used during the inspection of tires for their replacement.

Example 4 Window glass needs cleaning. To undertake this operation on high,

large shop windows is somewhat labor intensive. If the shops are “glazed” with

Lavsan film, then during a gust of light wind the film itself clears dust from the

window. This film is transparent, light, and unharmed by hydrofluoric acid fumes.

For the “glazing” of windows with this type of film, lightened frames can be used.
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5 The Path to the Idea of Solution Concept

Having examined the basic concepts of the method—IR, first (C-1), second (C-2),

and third (C-3) level contradictions—we can easily imagine the stages in the exact

formula of a technical problem.

The definitive basic procedure for the solution of problems with the method can

be represented in the following manner:

C-1!C-2!IF!C-3!S ð5Þ

From the point of view of the method, the problem is formulated exactly when

C-1, C-2, IR, and C-3 are revealed in accordance with the chain represented above

(5). To formulate all its links, first of all reveal that which does not suit the “poser”

of the problem in the given situation (first level contradiction—C-1) and what is

faulty in the system (undesirable effect). What kind of requirements is necessary to

expect from the system?

Thus, the second level contradiction (C-2) is determined. Then the system is

expressed in such a way that the undesired effect is absent from it, yet the positive

qualities are preserved. The result of expressing the system in this manner consti-

tutes the formulation of the ideal result—IR. After comparison of the actual

situation and the IR, obstacles to achieving the ideal result are revealed, reasons

for the appearance of the obstacles are sought, and the contradictory qualities that

appear in certain parts of the system (operative zones) and do not satisfy the

requirements of the IR are determined. In this manner, the third level contradiction

(C-3) is formulated, which constitutes the exact formulation of the problem.

6 Logic of the Five-Step Method

The logic of solving problems with the five-step method shows the interconnections

between elements in the basic sequence (5):

C-1!C-2!IF!C-3!S ð6Þ

The first level contradiction (C-1) is described either as a need for the appear-

ance of a new quality or actionA (positive effect) or in the form of a harmful effect

(anti-B), which is necessary to eliminate.

The first level contradiction (C-1) more often than not is expressed in the form

of a harmful effect (HE), i.e., a parameter or requirement В in an undesirable,

harmful, or insufficient condition that we label anti-B. It is represented in a diagram

like this:
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C-1 HEð Þ : anti-B

For the determination of the second level contradictions (C-2), we expose two

contradictory requirements of the system. We represent these requirements with the

letters A and В. The intensified contradiction can be presented as a need for the

improvement of characteristics satisfying requirement A, which leads to the unac-

ceptable deterioration of characteristics satisfying requirement В (expressed as

requirement anti-B). The undesired effect consists of requirement В. Or the con-

tradiction can be formulated in reverse—the improvement of В at the cost of the

deterioration of A (expressed as anti-A).

C-2:A�anti-Boranti-A�B

The formula of the ideal result (IR) should aim to eliminate the harmful effect

(anti-B) while preserving the positive requirement A, that is:

IR: A, B

The third level contradiction (C-3) is determined by exposing contradictory

properties P and anti-P (e.g., physical), which should be possessed by the element

of the system that does not correspond with the requirements of IFR. For this, it is

necessary to determine what property P the element should possess in order to

preserve requirement B, i.e., in order to eliminate the undesired effect. Simulta-

neously, the same element should possess the contradictory property (anti-P) in

order to preserve the positive effect A. In this manner, the element should possess

the property P in order to satisfy the requirement B and quality anti-P, in order to

preserve the requirement A.

C-3:P!A, anti-P!B

Further intensification of the contradiction takes place by means of exposing

more deep (latent) properties P1,which are necessary for the creation (preservation)

of the earlier exposed property P.

P!P1

In some cases during the solution of complicated inventive problems, it is

necessary to expose even deeper cause and effect relationships in the system. For

this it is necessary to expose even more deeper properties P2, P2, . . . Pn. The next

quality in the progression determines the reason for the emergence of the previous

quality, i.e., that which is necessary for the fulfillment of the quality.
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P2!P1

P3!P2

. . .!. . .
Pn!Pn�1

In these cases several aggravated contradictions are exposed (C-31, C-32, C-33,

. . . C-3n). This can be represented in a diagram:

C-31 : P!P1; anti-P!anti-P1

C-32 : P2!P1; anti-P2!anti-P1

. . .
C-3n : Pn!Pn�1; anti-Pn!anti-Pn�1

Solution of the problem (S) consists of the solution of the aggravated contra-

diction, for example, by means of separation of the contradictory properties P . . .
Pn.

S :
P
�
�anti-P

P1

�
�anti-P1

. . .
Pn

�
�anti-Pn

Typical methods of separating contradictory qualities are indicated in the

chapter.

The logical diagram of the five-step method for the solution of problems is

shown in Fig. 5.

Logical diagram of the five-step method with in-depth analysis is shown fully in

Fig. 6.

Problem 2. Gas Vessels1

It is necessary to transfer all of the gas from a transport vessel to two empty

(working) vessels of cylindrical form. The capacity of each of the working cylin-

ders is equal to one half of the capacity of the transport cylinder.

Two methods for transferring gas are known (Fig. 7).

In the first method (Fig. 7b), the transport cylinder connects directly with the

working cylinder. In this case, an equal pressure is fixed in all the cylinders, and one

half of the gas will remain in the transport cylinder. The second method (Fig. 7c) is

much more complicated: Gas is pumped from the large cylinder into two others by

means of a compressor. In this manner, it is possible to transfer all of the gas, but it

is necessary to use special equipment—a high-pressure compressor.

1 The problem was published first in Altshuller (1961), pp. 45–46: The chapter presents the original

analysis of the problem.
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The problem consists of finding a method to fully transfer the gas from the

transport cylinder to the working cylinder without the use of additional equipment

(compressor).

C-1 (HE): anti-B
↓
C-2: A – anti-B or anti-A – B
↓
IR: A, B
↓
C-3: P → A, anti-P → B
↓
S: P │ anti-P

• in space;
• in time;
• in structure;
• by condition.

Fig. 5 Logical diagram of

the five-step method

C-1 (HE): anti-B
↓
C-2: A – anti-B or anti-A – B
↓
IR: A, B
↓
C-3: P → A, anti-P → B
↓
C-31: P→P1; anti-P→anti-P1
↓
C-32: P2→P1; anti-P2→anti-P1
↓
… …
↓
C-3n: Pn→Pn-1; anti-Pn→anti-Pn-1

S:

P│anti-P
P1│anti-P1

…
Pn│anti-Pn

• in space;
• in time;
• in structure;
• by condition.

Fig. 6 Logical diagram of

the five-step method with

in-depth analysis
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This kind of problem is encountered during the “loading” of cylinders in deep-

diving apparatuses at seaports. Compressed air is used for purging the cistern during

surfacing of the apparatus.

6.1 Solution to the Problem

Short formulation of the problem: Find a simple method of transferring all of the
gas from one cylinder to two others.

100

l
100

l

200

l

a)

100

l
100

l

200

l

b)

100

l
100

l

200

l

Compressorc)

Fig. 7 Problem 1. Gas vessels’ (а) initial situation, (b) direct connection of the transport cylinder
with the working cylinder, and (c) connection by means of a compressor

142 V. Petrov



C-1:anti-B

The first level contradictions (C-1): Part of the gas remains in the cylinder.

Type of administrative contradiction—undesirable effect (UE).

Harmful effect: incomplete (anti-B) transfer of gas.

Determination of the second level contradictions (C-2).

In the given example, the transfer of gas is possible with and without the use of a
compressor:

1. With compressor

C-21:B�anti-A

C-21: The gas transfers completely (B), but as a result the system is complicated

(anti-A).

C-21: Complete transfer of gas—complication.

All of the gas can be transferred from the transport cylinder to the working

cylinder using a compressor, which complicates the system.

2. Without compressor

C-22:A�anti-B

C-22: The system is not complicated (A), but the gas transfers incompletely

(anti-B).

C-22: Simplicity—loss of gas.

A simple method (direct connection) is used, but as a result one half of the gas

is lost.

Selection of TC. We select TC2, because this formula is based on the use of a

simple method.

Note: Within this step we selected a method of transferring gas only through the direct

connection of one cylinder with another.

Formulation of IR

IR:A, B

IR: The gas “itself” fully—(В) (with the same pressure and in the same quantity)

transfers from one cylinder into two others, without the use (A) of additional

equipment (compressor).

IR: Simplicity—loss of gas.

Formulation of the third level contradictions (C-3).
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C-3 : P ! A, anti-P ! B

In order not to complicate the system, it is necessary to directly connect the

cylinder with gas to an empty (working) cylinder, but this increases the general

capacity in which the gas is located (decreasing its pressure), therefore not allowing

the gas to be fully transferred.

C-3: In this manner the “extra” capacity (P) should exist, so that the system

remains simple (A), and should not exist (anti-P), so that the gas transfers

completely (B).

Note: Remember that the basic characteristic of gas is to occupy the entire available

volume. Therefore, during connection of the working cylinders, gas expands and occupies

the entire capacity of the cylinders, while the pressure decreases.

Formulation of third level contradiction 1 (C-31).

C-31 : P ! P1, anti-P ! anti-P1

C-31: So that there is not an excess capacity (P), the working cylinder should not

be empty (it should be filled) (P1), but to provide space for the transfer of gas (anti-

P), the capacity of the working cylinder should be empty (anti-P1).
The connected cylinders should be filled to prevent the gas from expanding, but

should not be filled (should be empty) so that they can be filled with the required

gas.

Note: In this step we determined the exact formulation of the problem.

Solution of the problem.

The separation of contradictory properties can take place in space, in time, and

by changing the system’s structure, specifically changing the aggregate condition.
Therefore, the contradictory quality is that the working cylinder should be full

and empty (filled and unfilled).

In Space This contradiction is unsolvable.

In Time Separation of the indicated contradictory qualities in time requires that the
substance filling the working cylinder gradually free space for the gas entering

from the transport cylinder and fill the freed space in the transport cylinder.

In Structure It only remains to explain what kind of substance should fill the

working cylinder. For this, structural changes of the substance are used, changing

the aggregate condition of the gas.

The substance inside the working cylinder is located in a gaseous state, which

does not satisfy our conditions. That means it should be made solid or liquid.

Should the cylinder be filled with a solid substance? A solid monolithic sub-

stance does not possess the necessary qualities. In this manner we could ruin the

cylinders. Of course, it is possible to fill the cylinders with sand or ice. That

condition might solve the problem in principle, but it is not sufficiently effective.

It remains to use liquid.
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If the working cylinders are filled with a liquid excluding gas, placed above the

transport cylinder, and connected by means of pipes, then the gas (fully and without

a compressor) will transfer from the transport cylinder to the working one (Fig. 8).

Problem 4. Eye Needle

It is difficult to pass a thick thread through the small eye of a needle.

What is to be done?

C-1:A

The first level contradictions (C-1): It is necessary to pass a thick thread

through the small eye of a needle.

Kind of the administrative contradiction—improvement (I).

Good parameter A—ease of passage (facilitate insertion of the thread).

C-2:A�anti-B

C-2: Ease of passage (A)—cloth spoiled (anti-B).

IR:A, B

IR: Ease of passage (A)—not cloth spoiled (B).

C-3:P!A, anti-P!B

Fig. 8 Solution of Problem

2. Gas vessels
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C-3: A needle must have a large eye (P) to facilitate insertion of the thread [ease

of passage (A)] and must have a small eye (anti-P) for convenient sewing [not

cloth spoiled (B)].

S : P
�
�anti-P

S: By separating the contradiction in time.

The eye must be large while the thread is inserted and must be small during

sewing. Inventive principle 15: dynamicity.

Solution 1 Robert K. Pace proposed that a needle be composed of two thin, spring

steel wires of identical length (patent US 3,987,839).

The two wires are welded together at one end, twisted three quarters of a turn,

and then welded together at the opposite end, after which the needle is polished and

sharpened.

The resultant needle looks like an ordinary needle. When the needle is slightly

unwound (by hand), a large slot is produced through which a thread is easily passed.

Upon its release, the needle returns to its initial shape and grips the thread.

S: By separating the contradiction in space, structure, time, and dynamicity.

Needle section—“eye” was separated from the needle.

Solution 2 Needle threader.

7 Conclusions

The packaging of classical TRIZ tools in the form of ARIZ algorithm meets serious

difficulties in its practical applications. One is its complexity and the amount of

time needed to learn and master it. Another is the limitation of the application or the

algorithm by engineering domain mostly. The new algorithm presented in the

chapter is based on TRIZ but seems to be easier to learn and apply while covering

nontechnical application fields as well. The ideation process consists of a sequence

of analytical steps for defining and eliminating contradictions or the causes of these

contradictions, addressing the contradiction elimination with the help of knowledge

database. In this manner, cause and effect relationship analysis framework is given,

and the essence of which is the intensification and aggravation of contradictions.

The presented five-step algorithm logic helps to reveal the key causes of a problem

and to build cause–effect relationship model.
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TRIZ in Enhancing of Design Creativity:

A Case Study from Singapore

Iouri Belski, Teng Tat Chong, Anne Belski, and Richard Kwok

Abstract This chapter investigated the ability of Theory of Inventive Problem

Solving (TRIZ) to foster design creativity by infusing effective creative design

strategies onto users. It explored the winning strategies of famous design innovators

and engineering experts from the existing case studies and mapped these strategies

onto the TRIZ-facilitated development of an anti-ram vehicle barrier carried out by

a small engineering team from Singapore Technologies Kinetics. It has been

discovered that the TRIZ tools of Situation Analysis, Method of the Ideal Result,

40 Innovative Principles and Principles of Separation engaged the project team in

activities that resulted in at least three effective creative design strategies. During

TRIZ facilitation the design team used (i) extensive situation analysis and task

reframing, (ii) designing from fundamental principles and (iii) analogical thinking.

These strategies allowed the team to replace originally poor design by a novel

design that was successfully implemented and patented.

Keywords TRIZ • Creative design • Case study • Framing • Engineering design •

Design techniques

Many authors have investigated the paths to creative ideas (e.g. Amabile 1983;

Mednick 1962; Simon 1996; Howard et al. 2008; Akin 1990). Nonetheless, the role

played by formal methods of idea generation in design creativity is still not entirely

clear. As a result of a literature review, Shah et al. (2003) reached a rather negative

conclusion on the effectiveness of ideation methodologies in engineering design:

Despite several claims and much anecdotal evidence about the usefulness of these methods,

little formal experimental evidence exists currently to indicate that these methods are

effective in engineering design to generate concepts (Shah et al. 2003).
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Providing experimental evidence in support of the influence of creativity meth-

odologies on engineering design is somewhat challenging. Real engineering design

tasks are complex and open-ended and are usually resolved under conditions that

are different to laboratory experiments. Consequently, the outcomes of planned

laboratory experiments may not always be generalised to real design conditions. It

is posited that real design case studies that involve application of ideation tech-

niques might be more appropriate than planned experiments for establishing the

value of these techniques in design creativity.

This chapter presents a case study on the application of Theory of Inventive

Problem Solving (TRIZ) by a team of engineers from Singapore Technologies

Kinetics (ST Kinetics) for the development of a mobile anti-ram vehicle barrier

(crash barrier). It attempts to practically establish the influence of TRIZ on the

creativity of the team’s solution by comparing designs proposed with and without

TRIZ. Over 4 months of development, the project team suggested two different

designs. Initially, the team proposed the crash barrier design without using any tools

for idea generation. After the team members concluded that the original design was

poor and unlikely to win a government tender, did they ask a TRIZ expert to

facilitate a TRIZ session with the team. Over 2 days, the team applied the TRIZ

tools of Situation Analysis (SA), Method of the Ideal Result (MIR), the 40 Innova-

tive Principles and the Principles of Separation. The new design of a mobile crash

barrier that was generated during these TRIZ sessions won the tender, was success-

fully implemented and deployed by the Singapore government, was patented and

was also praised by Lee Kuan Yew, former Prime Minister and the founding father

of modern Singapore (Lee 2005).

In order to evaluate the creativity impact of TRIZ in this case study, it has been

hypothesised that an effective technique for idea generation helps a practitioner to

‘think like a creative designer’ and can infuse effective creative design strategies

onto a user. The second design of the crash barrier was novel and was patented.

Thus, it was expected that at least some of the TRIZ tools that were employed by the

team during the TRIZ sessions were able to infuse effective creativity strategies

onto the team members. This paper investigates the influence of TRIZ on design

creativity and is specifically devoted to establishing the creative strategies that can

be infused by the TRIZ tools of SA, MIR and 40 Innovative Principles.

1 Methodology

In order to establish the effective strategies that can enhance human creativity, the

authors analysed the existing case studies that described practices adopted by the

most creative engineering designers. Then, to find out whether the TRIZ tools led

the team to the same creative strategies, a record of the team’s TRIZ idea generation

sessions was examined.

The information relevant to the team’s design process has been acquired from

two sources: design and patent documentation produced by the team and the diary
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entries made by the TRIZ facilitator that were made during and directly after TRIZ

facilitation sessions. The TRIZ facilitator was not a part of the original design team.

He attained sound knowledge in TRIZ (MATRIZ Level 3) and led the application

of TRIZ to company projects for over 5 years. Being also a PhD candidate at the

time, the TRIZ facilitator carried his research on corporate innovation as Action

Research (Lewin 1947) and kept a comprehensive diary of his activities as they

related to company innovation. Therefore, the TRIZ sessions with the crash barrier

team were properly documented by him.

2 Creative Design Strategies of Famous Design Innovators

In order to obtain insights into design creativity, many researchers have explored

the winning approaches of famous design innovators and engineering experts

(e.g. Candy and Edmonds 1996; Cross and Cross 1996; Roy 1993; Maccoby

1991; Lawson 1994; Cross 2001a, 2003; Cross and Cross 1998). Analysis of

these case studies and examination of the records of the TRIZ facilitation sessions

assisted the authors in shortlisting the following three general strategies that the

TRIZ tools were likely to infuse onto the crash barrier designers: (i) extensive

situation analysis and task reframing, (ii) designing from fundamental principles

and (iii) analogical thinking.

Many scholars have referred to the importance of these three strategies in

creativity. Mednick (1962), for example, singled out the associative ability (ana-

logical thinking) of individuals as the key to creative process. Simon (1996)

postulated the importance of recognition, which is closely related to framing, in

achieving innovative design solutions. A recent review of design and ideation

processes (Howard et al. 2008) concluded that proper task analysis is essential in

achieving creative solutions.

It is important to note that although the above-mentioned three general strategies

were used by many famous designers, the way a specific strategy was realised by

individual innovators differed significantly. For example, it has been reported that

the strategy of task analysis and reframing (i) was realised by conducting the

following activities:(a) Altering the initial constraint set (Akin 1990);

(b) Reassessing the problem from the first principles (Cross and Cross 1996;

Cross 2001b, 2003); (c) Re-evaluating the product’s application (Cross 2001b);

(d) Identifying the key question to be addressed (Candy and Edmonds 1996);

(e) Immersing in the problem situation, studying it in depth and reflecting

(Maccoby 1991; Roy 1993); (f) Changing the focus of task analysis from the

systems level to the level of individual elements and then back (Maccoby 1991).

Designing from the first principle (strategy ii) was usually fulfilled by deploying the

fundamental principles of physics (Cross and Cross 1996; Cross 2003) and acquir-

ing in-depth expertise (Roy 1993). Creative designs by analogical thinking (strategy

iii) were achieved either by means of a mental transfer of technology from one
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application to another or by identifying analogies between the problem and various

other products with similar functionality (Roy 1993).

The fact that the same creativity strategy can be realised by individuals through

many different activities is of significant importance for the effectiveness of TRIZ

and idea generation methodologies in general. This suggests that in order to be

effective, an ideation methodology must engage a practitioner in activities that are

capable of infusing sound creative strategies onto the practitioner.

3 Anti-ram Vehicle Barrier: The First Design Concept

In the early 2004, the government of the Republic of Singapore announced a tender

for the development of a mobile crash barrier. Vehicle barriers are often used to

stop unauthorised vehicles from entering protected areas. The Singapore govern-

ment intended to deploy a crash barrier to enhance security for the 117th Interna-

tional Olympic Committee Session, which was scheduled to meet in Singapore in

July 2005. In accordance with the tender specifications, the mobile crash barrier

was expected to be capable of stopping a vehicle weighing up to 5 tonnes travelling

at 50 km/h within 15 m. The tender requested that the barrier be able to be towed by

a car with the kerb weight under 2 tonnes all over Singapore, be easily manoeuvred

on site without a crane and be set up within 15 min at any location and without

surface preparation. Other stringent crash barrier requirements included extended

operational usage (up to 600 cycles in 9 h and up to 200 cycles an hour) while

powered by a standard 12 V DC battery alone, fast response time of less than 4 s, as

well as swift emergency activation of less than 1 s.

Although engineers of ST Kinetics have never previously designed nor built

crash barriers, the company management was determined to bid for the tender. A

small team consisting of four company design engineers, together with the

employees of a potential manufacturing subcontractor, began a feasibility study

on the design of the mobile crash barrier in February 2004. Before conceptualising

their design proposal, the team analysed tender specifications, studied existing

crash barrier designs and conducted a market survey. This research identified at

least 15 suppliers of anti-ram vehicle barriers, which were certified by the US

Department of State. Most of the identified crash barriers required permanent

installation. Only two companies offered solutions for portable surface-mounted

barriers that could be deployed quickly and did not require surface preparation.

It took the team around 4 weeks to propose a structure for the crash barrier that

was robust enough to stop a heavy vehicle within the required 15 m (finite element

analysis was utilised to ensure that all the structural elements were capable of

withstanding the crashing load from the vehicle). This original crash barrier design

is shown in Fig. 1.

The design presented in Fig. 1 consisted of a blocking plate 1 hinged to the body
of crash barrier 2 and positioned between two box-shaped structures 3 that were

coupled with an additional 5-tonne ballasting weight (not shown). The blocking
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plate 1 could be raised (to stop a vehicle) or lowered (to permit a vehicle to pass) by

a hydraulic mechanism, located inside the box-shaped structures 3.
Although the proposed design was sufficient to stop a heavy vehicle within the

specified distance, the team was uncertain of its ability to win the tender. Firstly, the

design did not meet all the stringent specifications of the tender. The barrier with the

ballasting weight was too heavy to be towed by a car with the kerb weight of

2 tonnes. The time required to set it up significantly exceeded one specified in the

tender. The team was also unsure how to deliver the required electric power

capability and swift emergency activation. Secondly, the design did not look

innovative enough to win. It was very similar to some existing designs identified

by the team and was unlikely to defeat the proposals of other competitors. It was

expected that a number of the international competitors, including the market

leaders, would also be submitting tenders. These market leaders had significant

advantage over ST Kinetics—their track record in developing crash barriers was

extensive. Thirdly, the team was concerned about the competition from local

companies. If a local competitor with much lesser production costs proposed a

similar design, it would outperform ST Kinetics on the tender price. This latter

possibility was anticipated very strongly—at the time when the first design was

finalised, the subcontractor that originally worked with ST Kinetics left the team

and decided to prepare a bid independently.

Fig. 1 The original design

of a mobile crash barrier
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4 Applying TRIZ Tools: The Creative Design

4.1 Situation Analysis: Establishing the Needs
and the Design Focus

In the mid-June of 2004, the project team was engaged in four TRIZ sessions that

were conducted during 2 consecutive days. The first day was devoted to two

sessions on situation appraisal (4 h in total) and resulted in the identification of

four crash barrier parameters that were vital for the designs success. The second day

was dedicated to the application of TRIZ tools to generate innovative design ideas

relevant to these four priority parameters (3 h in total).

For the situation appraisal, the team used the Situation Analysis (SA) tool (see

Appendix 1) (Belski 2009) and the product ‘value curve’ analysis (Kim and

Mauborgne 1997). As a result, the team confirmed the requirements for the ST

Kinetics’ crash barrier which were essential to outperform the competitors and to

win the tender. The following are the four priority parameters of the crash barrier

that the team decided to focus at during the idea generation session:

Transportability Although tender specifications allowed a crash barrier weight of

up to 7 tonnes and a size of up to 6 m� 3 m� 2 m, the team envisaged a much

lighter and much smaller barrier. Small and light barrier could easily meet the

towing requirements and could also minimise restrictions on roads that are suitable

for its towing. The small size and light weight of the barrier would also improve its

manoeuvrability (many roads in Singapore are narrow) and could eliminate the

need for a crane to load and unload it.

Stopping Distance The team hoped to deliver a crash barrier with a stopping

distance that was less than that specified under the tender requirements.

Power Requirements In order to raise/lower a blocking plate, existing crash bar-

riers were either operated by AC power from the mains or by a 12 V DC battery.

The latter was only used for emergency purposes and offered up to 40 operating

cycles. This was significantly less than 600 cycles (200 cycles per hour) specified in

the tender. The AC power use was not allowed by the tender. Therefore, the team

needed to design a barrier with much lower power consumption than the existing

models.

Emergency Activation The team believed that providing an opportunity to the

crash barrier operator to activate the barrier urgently could significantly improve

ST Kinetics’ chance of being awarded the tender, because neither of the compet-

itors were likely to offer fast barrier activation.
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4.2 Generating Ideas: Applying TRIZ Tools

During the second day of TRIZ facilitation, the team concentrated its efforts on

improvement of the above-mentioned four priority parameters. The team formally

applied Method of the Ideal Result (MIR) (Belski 1998) and also used the 40 Inno-

vative Principles (Altshuller 1984) and the Principles of Separation (Fey and Rivin

2005). While following the MIR procedure, the team (1) formulated the Ideal

Ultimate Result (IUR) that covered all the four priority parameters, (2) explored

the natural effects that helped/prevented achieving the IUR and (3) formulated a set

of Target Tasks (TT) to accomplish. The team also catalogued all the available

resources that can be freely used to implement the Target Tasks (see Appendix 2 for

the list of the identified resources). The following is a simplified record of the

solution process.

The IUR for the crash barrier that incorporated all the four priority parameters

had been formulated as: the ideal crash barrier is infinitely small and weightless, is
able to stop an infinitely heavy vehicle, operates on its own internal energy alone
and is always ready to stop an intruding vehicle.

After evaluating the natural effects that prohibited achievement of the IUR

(e.g. Why an infinitely small and weightless barrier cannot stop an infinitely
heave vehicle?) and can help in fulfilling the IUR (e.g. What existing concepts
and natural effects may help to stop a heavy vehicle?), the following three Target

Tasks were formulated:

• TT1: crash barrier needs to transform from lightweight while transported to

heavy when installed on the road.

• TT2: crash barrier needs to generate sufficient power to operate (raise and lower

the blocking plate)

• TT3: crash barrier needs to be swift in activation in case of emergency

Each TT was considered by the team separately.

4.2.1 Target Task 1: Lightweight Becomes Heavy

While performing the next step of MIR and analysing the resources that could help

in transforming the crash barrier from lightweight to heavy, the team singled out the

resource of the road (section of substance resources in Appendix 2). It suddenly

became evident to the team that if it were possible to firmly affix the crash barrier to

the road, even a very light barrier would become infinitely heavy. The team liked

this idea and considered various options of affixing the barrier to the road.

The concept of making the crash barrier with many spears that could be inserted

into the road to firmly attach it was the most appealing. While thinking of ‘gluing’
the barrier to the road, the team realised that the TRIZ principle of Separation in
Time suited the situation well. Firm attachment of the crash barrier to the road was

only necessary to stop the oncoming vehicle. It was not required under any other
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circumstances. Thus, some powerful and rapid means to force the spears into the

road and to firmly affix the barrier to the road at the time when the oncoming

vehicle approached the barrier were required.

Further analysis of resources established that another substance resource—the

impacting vehicle itself—could help in binding the barrier to the road. One way to

realise such a design was to make the blocking plate from many spears. This

‘blocking frame’ can be positioned horizontally, close to ground level, in order to

permit vehicles to pass or could be raised to prevent entry. If a driver decided to

drive over the barrier when the spears’ blocking frame was raised, the vehicle

would force the spears to dig deeply into the road. This would attach the barrier to

the road and ‘make’ it much heavier. The proposed structure of the blocking frame

is shown in Fig. 2 with the spears’ blocking frame in passing (horizontal) and

stopping (angle) positions.

As shown in Fig. 2, an array of pointed teeth 1 is incorporated into the blocking

frame 2 that is attached to the base frame 4 to allow rotation along the axis 3. When

the blocking frame 2 is fully lowered (left), the array of pointed teeth 1 flush with

the base frame 4. When the blocking frame 2 is in a stopping position (right) and is
impacted by a vehicle, the force exerted by the vehicle on the blocking frame

2 levers the array of pointed teeth 1 into the ground.

The idea of a crash barrier that is affixed to the road underneath and made heavy

by the intruding vehicle itself was very appealing. The design concept began to look

very innovative. The team was excited and continued to scrutinise other primary

parameters with a renewed wave of enthusiasm.

4.2.2 Target Task 2: Generating Power

The blocking frame needed the ability to be raised and/or lowered at any time in

order to permit approved vehicles to pass and to prevent unauthorised entry. Could

the barrier itself generate energy for raising and lowering the spears? Analysing the

resources (Appendix 2) that could enable the crash barrier to generate energy for its

Fig. 2 The blocking (spears) frame in passing (left) and stopping (right) positions
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own operations helped the team to identify another substance resource of the

vehicles permitted to pass which appeared useful in achieving the second Target

Task. When the crash barrier is positioned on a road, numerous vehicles that are

permitted to pass through drive across it. These passing vehicles can be ‘requested’
to ‘recharge’ the barrier. The idea of using a spring mechanism to store energy was

proposed first. The team then analysed power resources that had been identified

(Appendix 2) and established two existing resources: 12 V DC battery and hydrau-
lic power. The team member who was an expert in hydraulics convinced the team

that a hydraulic accumulator was easier to implement than a DC accumulator and

also that it would be ideal for collecting energy from the passing vehicles. Figure 3

shows the implementation of this idea.

The ingress ramp 2 in Fig. 3 is connected to the hydraulic cylinder 1 which, in

turn, is connected to the hydraulic accumulator 3. Any passing vehicle depresses the
ramp 2 and compresses the hydraulic cylinder 1, forcing hydraulic fluid (not shown)
into the accumulator 3. As a result, a small amount of energy is stored by the

accumulator every time a vehicle drives across the barrier. The more vehicles

passing the crash barrier, the more energy is stored by the hydraulic accumulator

to operate the crash barrier.

4.2.3 Target Task 3: Fast Emergency Activation

While the team was considering the third TT, it identified two energy resources that

looked promising for delivery of fast emergency activation: hydraulic power and
electric power, as well as the field resource of oil compression. The team was quick

to establish a way to utilise those resources in an emergency situation. The side

elevation of the crash barrier design that had been conceptualised after consider-

ations of TT1 and TT2 is shown in Fig. 4.

Under the normal mode of operations, the blocking frame 1 in Fig. 4 is raised and
lowered by means of a pair of hydraulic cylinders 2. The latter are attached to the

main frame of the crash barrier 3 on one side and to the blocking frame 1 on the

Fig. 3 Deployment a hydraulic accumulator to collect energy from the passing vehicles: (left)
ramp released, (right) ramp pressed
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other. The hydraulic cylinders 2 are driven by the fluid supplied by the flow-

regulated valve (not shown). The valve reduces the pressure of the hydraulic fluid

that is supplied by the hydraulic accumulator (not shown) to ensure safety of

operations. Under the circumstances, therefore, the time required to raise/lower

the blocking frame is from 3 to 4 s.

The team realised that the hydraulic accumulator possessed a sufficient resource

of the hydraulic fluid pressure (up to 100 bar) that could be used for emergency

activation. The team decided that in the emergency mode, the flow-regulated valve

could be bypassed. The hydraulic cylinders that were supplied directly from the

hydraulic accumulator could act much quicker. This would reduce the safety of

operation somewhat, but could bring down the time of raising the blocking frame

significantly. Implementation of the emergency activation was successful. The time

to raise the blocking frame was reduced to just 1 s.

4.2.4 40 Innovative Principles: Improving Transportability

The application of MIR assisted the team to establish the key design ideas of the

mobile crash barrier. It was necessary to put these ideas together and to ensure easy

transportability and manoeuvrability of the crash barrier. In order to achieve these

and to identify some creative analogies, the team scrutinised the list of 40 Innovative

Principles of TRIZ (Altshuller 1984). The analogies proposed by the following

principles helped the team members to put all the above-mentioned ideas together

and to significantly improve transportability:

Segmentation: a. If an object is uniform, make it modular. b. Make an object
demountable. c. If an object is already modular, subdivide it further.
Detachment: a. Detach (remove or separate) the disturbing part or property from
an object. b. Detach (remove or separate) the essential part or property from
an object.
Combination: a. Combine like objects or objects intended for similar or related
operations. b. Carry out similar or related operations simultaneously.

Fig. 4 Side elevation of the mobile crash barrier
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As a result, the team proposed a design that offered two different options for

transporting the vehicle barrier: by towing it and by moving it in the folded state.

The option of towing the barrier is presented in Fig. 5.

During transportation, the main body of the crash barrier 1 is mounted onto the

trailer system 2. After the barrier is transported to the required location, the trailer

system 2 is removed. This is done by means of the four hydraulic jacks 3 that are

affixed to the main body of the barrier 1 and are raised during transportation. Firstly,
these jacks 3 are extended to touch the ground. Then, the trailer 2 is detached from

the barrier 1 and the length of the hydraulic jacks 3 is extended further to lift the

barrier 1 off the trailer 2. After the trailer 2 is moved away, the hydraulic jacks 3 are
retracted to allow the main body of the crash barrier 1 to rest on the ground. It needs
to be noted that the small wheels 4 attached to the hydraulic jacks 3 allow for small

adjustments of the crash barrier’s position.
Figure 6 depicts the vehicle barrier in a folded state.

The side frames 1 are mounted to the base frame 2 to allow frame detachment

and placement on top of the platform elements. Alternatively, the side frames 1may

be hinged to the base frame 2 so that they can be folded onto the base frame 2. The
ingress ramp 3 and egress ramp 4 are made of four main parts each. To minimise the

size of the crash barrier, the ingress ramp 3 and egress ramp 4 are hinged to the base
frame 2 to allow folding the ramps perpendicular to the base frame 2. As a result of
this flexible design, the overall length of the folded vehicle barrier was reduced

further. This significantly lowered the turning radius during transportation.

4.2.5 Novel Crash Barrier: Overall Implementation

After the TRIZ facilitation sessions, the project team combined all the design

concepts that had been presented so far and finalised the design of the mobile

crash barrier. The weight of the crash barrier was reduced to 2.5 tonnes. This

ensured that an ordinary four-wheel drive could tow the barrier. Its size was reduced

from the original 6 m� 3 m� 2 m to 4.2 m� 3 m� 2 m. The final design installed

on the road is presented in Fig. 7 (Tay et al. 2006).

Fig. 5 Transporting a crash barrier: towing
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Fig. 6 Transporting a crash barrier: folded

Fig. 7 Final design of the mobile crash barrier
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Figure 7 shows a pair of the vehicle wheels 1 resting on part of the ingress ramp

2 and the platform elements 3 on the base frame 4, when the vehicle is refused entry
by the blocking frame 5.

The team’s design was successfully implemented, tested and patented (Tay

et al. 2006). ST Kinetics won the tender and supplied the Singapore government

with the mobile crash barriers that were deployed during the International Olympic

Committee meeting in 2005.

5 Discussion

The original design of the crash barrier was ordinary. Similarly to many existing

designs, it utilised a massive metal body that was heavy enough to stop a vehicle

within the required distance under the conditions of direct vehicle-barrier collision.

The second design of the crash barrier that was produced during the TRIZ facili-

tation sessions was elegant and won the tender, was patented, was deployed during

the International Olympic Committee meeting and was even praised by Lee

Kuan Yew.

This substantial difference in novelty of the two designs could only be explained

by the engagement of the project team in TRIZ facilitation sessions. There are

actually two possible explanations for the novelty of the second design. Firstly, the

tools of TRIZ could have infused the creative strategies onto the project team.

Secondly, it is possible that the creative design ideas originally arose in the head of

the TRIZ facilitator himself and were passed onto the team during the facilitation

sessions. The latter explanation can be ruled out immediately—the facilitator did

not suggest any specific design ideas to the team. He only ensured that at the

sessions the team members were using the TRIZ tools correctly. Assuming that the

former explanation of novelty is the right one, let us explore how the TRIZ tools

infused creative strategies onto the designers.

The diary entries reveal that the situation appraisal session influenced the project

team profoundly. Firstly, the SA tool aligned the team and prepared the team

members to the idea generation process by focusing them all in a unified direction.

Secondly, SA also infused the strategy of extensive analysis and reframing (strategy

i) onto the team. The questions of the SA tool, as well as the establishment of the

‘value curve’, engaged the team in at least four problem-framing activities that have

been used by the creative designers. All 14 questions of the SA tool engaged the

team in re-evaluating the barrier’s application (activity c) and in studying the

problem situation in depth (activity e). Questions 7–9 specifically guided the

team in clarifying the relationships between the crash barrier and its supersystem

(activity f). Questions 12 and 13 of the SA tool, as well as the ‘value curve’
development, further engaged the team in identifying the key issues to be addressed

by the design (activity d).

MIR infused both the reframing strategy (strategy i) and the strategy of design-

ing from the first principle (strategy ii). The former was achieved by engaging the
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team members in reassessing the problem from the first principles (activity b). This

was facilitated by formulating the IUR, by reformulating it into TTs and by listing

the system’s resources. A well-formulated IUR is never achievable (e.g. the ideal
crash barrier is infinitely small and weightless, is able to stop an infinitely heavy
vehicle). Therefore, when users state the IUR, they are usually puzzled for a little

while because the IUR sounds very unusual (e.g. how could a weightless barrier
stop an infinitely heavy vehicle?). The TT is achievable and realistic. In order to

state the TT, a practitioner investigates the reasons that preclude the IUR from

occurring based on the principles of physics. These activities can trigger the

reframing of the original task and significantly change the practitioner’s perception
of the problematic situation.

Formulating the IUR and restating it as TTs helped the crash barrier team to see

their task differently. For example, the first part of the IUR formulated by the team

suggested that the ideal crash barrier is infinitely small and weightless and is able
to stop an infinitely heavy vehicle. In order to restate this IUR as a suitable TT, the

team had to establish why and how the laws of physics do not allow a light barrier to

stop a heavy vehicle (answer the questions: What natural effects oppose the
achievement of the IUR? and How do natural effects oppose the achievement of
the IUR?). Later on, the team had to search for the resources (Appendix 2) and for

the ideas to implement the TT (What existing concepts and natural effects may be
helpful in delivering the TTs?). These activities assisted the team in reframing the

original situation.

It can be argued that similar activities had already been performed by the team

while working on the original design, so that the above-mentioned problem framing

had taken place before the IUR was formulated. In order to establish the size and the

weight of the structure capable of stopping a vehicle of 5 tonnes travelling at 50 km/

h within 15 m, the team had already utilised the basic principles of mechanics and

the laws of conservation of momentum and energy. How did the MIR-activated

evaluation of physics principles differ from the assessment of the laws of physics

during the original design? When the original design was developed, the laws of

physics were specifically used to establish a weight of the crash barrier that was

sufficient to stop a vehicle as per tender specifications. On the other hand, when the

IUR of the barrier was formulated, the team was ‘compelled’ to see the problem

from a different angle and to revisit the physics principles behind a simple collision.

The MIR procedure required the team to think of ways to stop a heavy vehicle by a

light crash barrier (IUR) and to research the means for making the light barrier

heavy (TT1). The traditional viewpoint of a simple barrier-vehicle collision was

challenged. This triggered the reframing of the original task.

It is interesting to note that both designs attained sufficient crash barrier weight

in a similar way—by attaching an additional ballasting weigh to the main body of

the barrier. The original design deployed the 5-tonnes ballasting weight that was

connected to the main body. This ballasting weight had to be transported with the

crash barrier. The second design utilised the ‘ballasting weight’ of the Earth instead.
This ‘ballasting weight’ did not require transportation. Clearly, a small change of

viewpoint (from What weight of the barrier is required to stop a vehicle? to How
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can a light barrier stop a heavy vehicle?) resulted in a substantial creative

design leap.

MIR also engaged the users in designing from the first principle (strategy ii).

This strategy was infused by searching for the ideas to implement the TTs (What
existing concepts and natural effects may be helpful in delivering the TTs?) and by

sifting through the resources (Appendix 2) that can help in achieving the TTs. For

example, when the team considered the TT2 (crash barrier needs to generate
sufficient power to operate), the MIR procedure guided the team in establishing

the sources of ‘free’ energy that were associated with the barrier deployment

conditions (vehicles permitted to pass) as well as the ways and the means to collect

and to store this ‘free’ energy (hydraulic accumulation). Similarly, the TT3 (crash
barrier needs to be activated fast in case of emergency) was delivered from the first

principles: by identifying the existing energy resources and establishing how these

resources could be deployed to achieve emergency activation.

As previously reported, the 40 Innovative Principles represent a set of hints

which are derived from thousands of successful technical solutions (Belski and

Belski 2008). They offer cues which relate to the principle’s name and can help an

experienced practitioner to quickly establish analogies that can be useful in solving

new problems. The crash barrier team had used only three principles (segmentation,

detachment and combination). These three principles provided the team with

enough analogies to not only improve transportability of the barrier but also to

elegantly combine all the design ideas generated by the team during TRIZ facili-

tation sessions. As shown in Figs. 5 and 6, the crash barrier consisted of many

modules (even the main body of the barrier was modularised). Some modules were

detachable (e.g. trailer, ramps). Also, in order to make the barrier more adjustable,

the hydraulic jacks (position 3 in Fig. 5) had small wheels (position 4 in Fig. 5)—a

clear combination of the trailer on wheels and the main body on small wheels.

It must be noted that the investigation presented in this chapter has weaknesses.

Like a majority of real development projects, it was not planned. Therefore, the

activities that resulted in the first design of the crash barrier that is shown in Fig. 1

were not recorded and have been recollected by the participants. Also, due to

company reasons, the documents related to this case study were approved for public

release many years after development activities took place. As a result, the set of

data that was available for analysis was substantially reduced—the authors did not

survey or interview the team members.

The record of the TRIZ facilitation sessions, as well as the recollections of the

facilitator and the project team members, indicates that the role of the TRIZ

facilitator was confined to helping the team in utilising the TRIZ tools properly.

Nonetheless, it is possible that his influence on the team was more substantial.

Although the facilitator did not make any design suggestions explicitly, he may

have unintentionally pushed the team towards the design ideas established by him

alone.

The above-mentioned weaknesses can be minimised in future research which

will be able to obtain more adequate and timely information on case studies that are

performed under real design conditions.

TRIZ in Enhancing of Design Creativity: A Case Study from Singapore 165



6 Conclusion

An analysis of the TRIZ facilitation sessions on crash barrier design demonstrates

that the TRIZ tools engaged the crash barrier design team in activities which

resulted in the infusion of effective creative design strategies onto the team mem-

bers. This confirms the hypothesis that TRIZ can help a practitioner to ‘think like a
creative designer’. It also suggests that many other ideation tools may be successful

in engaging practitioners in activities that foster design creativity.

Appendix 1: The Situation Analysis Tool

Formulate a task as you see it:

1. What is the name of a system (product or process) under improvement? In case

of the system to be new, state its generic name.

2. What is the specific useful function (SUF) of the system?

3. What is the main useful function (MUF) of the system?

4. List the main parameters of the system.

5. What main parameters of the system are to be improved?

6. What is the name of a superior system, the system up one step in hierarchy?

7. What needs of the supersystem require the system under consideration to be

modified?

8. Can the needs of the supersystem be fulfilled in some other way, without

modifying the system or by using some other existing system?

9. What human (customer) needs require the system (superior system) to be

modified?

10. Can human (customer) needs be fulfilled in some other way without modifying

the system (superior system) or by using some other existing system?

11. What is your main objective for the situation improvement?

12. Are there any ways to meet the objective without modifying the system?

13. Reformulate the problem if you see it differently.

Appendix 2: Resources Identified by the Project Team

Substance Resources Crash barrier, impacting vehicle, vehicles permitted to pass,

road, operators, terrorist, other passengers

Energy Resources Electrical power from batteries or nearby building, kinetic

energy from passing vehicles, kinetic energy from impacting vehicle, gravitation,

hydraulic power, sun, wind, man power

Field (Information) Resources
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• Mechanical: collision, friction, direct contact, compression, deformation, and

others

• Acoustic: sound from vehicles and collision and others

• Thermal: heat from engine and others

• Chemical: petrol
• Electric: 12 V DC battery power

• Magnetic: might be applicable as crash barrier and vehicles are mostly steel

structure

• Biological: operators, terrorist, other passengers, dog

Time Resources Retrieving crash barrier from storage, preparation for its towing

operation, being towed on road, preparation for setting up crash barrier on site,

setting up of crash barrier, operation of crash barrier, impacting vehicle

approaching crash barrier, impacting vehicle hitting-on crash barrier, impacting

vehicle stopped by crash barrier

Space Resources Road space in front and after the crash barrier, space immediately

around the crash barrier, space available by individual crash barrier components
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TRIZ-Supported Development of an

Allocation System for Sheet Metal Processing

A One-Day Case Study

Barbara Gronauer and Horst Th. Nähler

Abstract This case study presents the new development of an allocation system by

using TRIZ tools. The allocation of sheet metal parts for further treatment is

currently done manually. The demand for decreasing station times to utilize the

processing machine to its full capacity brought up the need for a partially automated

allocation system. Because of the high requirements regarding process reliability,

safety, robustness, maintainability, and asset costs, a systematic approach using

TRIZ tools was necessary for developing a successful solution concept. The

concept definition was achieved during a 1-day workshop with developers with

no prior training in TRIZ. The workshop was conducted by two TRIZ facilitators,

who lead the developers through several stages of a TRIZ-based process: the first

step covered the clarification of the task, the customer requirements, and specific

company guidelines. Then analytical tools of TRIZ were used to structure the task

and identify key problems and development obstacles. After that, TRIZ solution

tools were utilized to develop ideas which were finally combined into a qualified,

capable solution concept. The article shows how TRIZ tools sped up the process of

task analysis, problem identification, and solution generation significantly.

Keywords TRIZ case study • Systematic product development • Automation •

Allocation system • Sheet metal processing

1 Initial Situation

The case study describes the procedure and results of a 1-day workshop during an

actual development project of a German Small Enterprise that is specialized in

developing and building special purpose machinery. For this paper, the company
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will be called GSE. Because of the actuality of the project and existing

nondisclosure agreements, names, details, numbers, sketches, and drawings have

been modified and generalized.

It was the company’s target to speed up the development and solution finding

process by using the TRIZ methodology, without having to train the team members

in TRIZ. In the past, published case studies either described a process relying on

trained workshop participants [exemplary described in Waldner and Dobrusskin

(2014)] or the problems were tackled by single TRIZ specialists [exemplary

described in Sire and Gillmann (2014), Benjaboonyazit (2014)]. Other case studies

are presented with the purpose to teach TRIZ and have been modified to show the

TRIZ methodology [e.g., Katolický et al. (2014); Gundlach and Nähler (2006)].

This article reflects a real-world case study, where a 1-day workshop was

conducted by two trained facilitators (MATRIZ Level 3 certified and accredited).

During the workshop the trainers guided the untrained participants through the

single TRIZ tools. With appropriate preparation and language used, the TRIZ tools

were easily understandable and usable even for untrained participants. The facili-

tators also used breaks during the workshop day to process input from the workshop

participants and prepare the presentation, wording, and input for the next TRIZ

tools.

The project was initiated by a customer of GSE, which is producing sheet metal

parts of different sizes. During the manufacturing process, metal sheets are formed

in presses. The formed raw parts then have to be processed in processing machines.

Currently, one press supplies up to six processing machines with one worker

supplying two processing machines. The processing takes up to 90 s which leaves

enough time for the worker to manually place a raw part into the fixture of one

processing machine and during processing to remove the finished parts and clean

the fixture of the second machine, which is then fed with another raw part (see

Fig. 1). In this setting, the long processing time in the processing machine is the

bottleneck of the production flow.

To eliminate the bottleneck of the long processing time in the processing

machine, the customer of GSE intends to significantly increase production output

by replacing the processing machines with new ones which are capable of cutting

the processing time in half. As a result, the worker at the processing machine

becomes the bottleneck, and the whole process becomes more prone to human

error and variations in productivity of the worker, according to calculations of GSE

and its customer.

For that reason, the customer of GSE desires a (semi)automated solution which

uncouples the allocation/supplying process from the processing itself. This should

be achieved by providing a cache for raw parts which on one end is easy to load

manually by a worker and which can on the other end be off-loaded by a robot

capable of quickly and accurately placing the raw parts into the fixture of the

processing machines as well as taking out the finished parts (see Fig. 2).
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1.1 Situation Clarification

TRIZ was introduced into the development process at a time where a rough concept

for the allocation system was already at hand.

Fig. 1 Initial situation of the manufacturing process

Fig. 2 Workflow with semiautomated allocation system as desired by the customer of GSE
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The concept consists of an allocation rack which holds a specified number of

transport boxes. These transport boxes contain raw parts and finished parts and

allow the inflow and outflow to and from the processing machine on stacked levels.

The boxes are placed on angled roller beams and are therefore able to move by

themselves due to their mass and gravity.

On the loading end, the system features a guide that allows a controlled flow of

the boxes to and from the rack to the point where the worker is loading/unloading

the parts. The offloading end has a lift system that is bringing the boxes to the

required floor of the rack and positions the boxes to allow the loading/offloading of

parts by the robot. Furthermore, an image recognition system is used in conjunction

with the robot to allow accurate gripping of the parts. A schematic sketch of the

allocation system is shown in Fig. 3.

The most important customer requirement was, besides velocity and robustness,

the safety of the worker. Nevertheless, details of most customer requirements were

still unknown, fuzzy, and differing throughout subject matter experts and generally

subject to change, so it was a typical business situation.

Fig. 3 Simplified

representation of the rough

first concept of the desired

allocation system
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The first task was both to clarify the initial situation and known facts/require-

ments and to define how far reaching the solution should be. The TRIZ tool chosen

was the multiscreen approach (Hentschel et al. 2010; Koltze and Souchkov 2011).

With this approach, the team was able to look at the structure of the system to be

developed, its environment (supersystems), and its current subassemblies (subsys-

tems). Furthermore, by including the timeline (past-present-future), the team was

enabled to systematically assess the reasons for the change from the “old” produc-

tion process to the current or planned process as well as estimating changing

conditions in the future which might affect current design decisions.

As a result of using the multiscreen scheme, the team was able to gather

available information, generate substantiated estimations, and bring all this into a

structured form in a short amount of time. Based on the scheme, decisions could be

made affecting the design of the allocation system with regard to future require-

ments while making sure that current requirements are being met. The multiscreen

approach worked as a catalyst in bringing together the knowledge of the team

members and focusing their thoughts and estimations (Altshuller 2000).

1.1.1 First Step: System—Subsystems—Supersystems

In the first step of filling the nine screens, the team looked at the current stage of

development (rough concept) and the intended design of the allocation system (see

Fig. 4). The system is “allocation system,” consisting of a guide, rack, lift, camera,

control system, and transport boxes. The supersystems identified were the upstream

press, raw parts, finished parts, worker, robot, and downstream processing

machines.

Fig. 4 System structure of the allocation system
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1.1.2 Second Step: Past—Present—Future for Understanding

the System

After structuring the current system design and raising awareness for the supersys-

tem requirements and boundary conditions, the history of the system was assessed.

In the past, the processing machines were loaded and unloaded manually by a

worker. Other than that, the process worked similar. It is also recognizable that the

system development follows the Trends of Engineering System Evolution with

respect to decreasing human interaction (Mann 2013). In the past, the worker was

the system delivering all the functions necessary from placing the raw part and

removing the finished part (energy source, transmission, tool, control system

(Altschuller 1998; Hentschel et al. 2010; Ivanov 2013), while in the current design,

the worker is already partly disconnected from the process. The accurate placement

of the raw parts is now more efficiently done by a robot and automated control

system (see Fig. 5).

Fig. 5 Past and present system
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While discussing about the future, it was clear that the worker will be replaced

by another loading robot on the front end of the allocation system to create a fully

automated process. During this discussion, the development team identified

requirements resulting from that future scenario and how to detail the system

today to be prepared best for future changes (see Fig. 6).

With this preparatory analysis done, the team could decide on which level the

most significant tasks are and which problems and obstacles to tackle first. It could

be made clear that the further detailing of the allocation system had top priority and

that the interfaces between the robot and processing machines had to be addressed

later. So the decision was made to use TRIZ to further analyze the allocation system

and the tasks arising from the client’s requirements.

2 Problem Analysis

Following the TRIZ process, a thorough problem analysis is necessary to identify

main problems, build relevant problem models, and chose applicable solution

models and solution strategies.

Fig. 6 Multiscreen assessment of the allocation system
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First, a function model of the allocation system was built. Even at this early

stage, the components chosen as the general structure of the system could be used to

sufficiently model the system with its interactions. During this process all team

members agreed upon the terms used and the syntax of the TRIZ function analysis

made it easy to communicate on a general level free of specialized expert’s jargon.
The first function model was aimed at representing a functioning system, free of

disadvantages.

In the second step, function disadvantages have been added that represent

current development obstacles and shortcomings of the current concept. By

discussing these topics within the syntax of the function analysis, the problems

could be objectified and the focus could be laid upon harmful, insufficient, and

excessive interactions between the components of the function model.

After including the function disadvantages into the function model, each disad-

vantage was assessed, for some of them a cause and effect chain analysis (CECA)

has been conducted. The assessment brought up several contradictions which have

been addressed subsequently in the solution phase.

2.1 Function Model of the Allocation System

According to the rules of TRIZ function analysis (Hentschel et al. 2010; Training

Material 2006), the main function of the allocation system was formulated as

“Allocation System holds Parts.” The interactions of the components have been

formulated. Only the graphic representation of the function model is shown here

(see Fig. 7); component analysis, interaction analysis, and the tabular function

model are not explicitly shown.

Based on practical tests carried out with a test arrangement function disadvan-

tages have been formulated to represent the problematic areas within the system

(Fig. 8).

Four function disadvantages are exemplarily shown in the function model in

Fig. 8.

The test showed that the boxes which hold the parts gather a significant speed

while sliding on the roller beams. This high speed results in a sudden impact when

the boxes need to be stopped. According to the requirements of the customer of

GSE, the most important factor was the safety of the worker. Due to legal regula-

tions, the system must under all circumstances provide safe and secure working

conditions. The risk of injury due to moving parts has to be eliminated. Also,

specified limits for noise emissions have to be met. These objectives could not be

met with the initial rough concept of the allocation system:

1. Guide stops boxes excessively

This disadvantage depicts the situation that the boxes, due to their weight and the

angular positioning of the guide, have a high velocity that leads to an abrupt
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Fig. 7 Graphical function model of the allocation system

Fig. 8 Function model with function disadvantages
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impact. This impact generates noise and represents a potential threat to the

worker.

2. Guide harms worker

The guide consists of moving parts to be able to direct the boxes into different

levels of the allocation rack. These moving parts are positioned in the area where

the worker has to load and unload parts. Therefore, the threat of injury is given

and has to be eliminated.

3. Boxes harm worker

As mentioned under 1, the boxes are able to hit the worker due to their kinetic

energy. A hand can potentially be placed between parts of the guide and the

moving box with the initial design concept.

4. Guide moves boxes excessively

Due to the high angle of the guide, the boxes are accelerated to a high velocity,

leading to high kinetic energy and thus being a risk for the worker.

2.2 Cause and Effect Chain Analysis

To uncover the key problems, the function disadvantages have been further ana-

lyzed using the cause and effect chain analysis. Starting with the apparent problem

of the worker being harmed, cause and effect chains have been developed (Fig. 9).

The key problems are the circumstances that the “processing time is cut in half,”

“the length of the work space is limited,” and “the boxes have to have a certain

height.”

Additionally, through the practical tests, the “operating zones” (Altshuller 2000)

have been identified where injuries could happen. Exemplarily, these “operating

zones” are at all edges where the sliding surfaces of the boxes change their angle

relative to each other, e.g., the transition from the rack to the guide. Due to this

change in angle, a gap is forming where a worker might place his hands and be

injured (Fig. 10).

3 Formulating Problem Models

In the discussion around the causes and effects of each disadvantage, some ideas

have been generated. Nevertheless, each idea was attached to subsequent disad-

vantages, so that engineering contradictions could be built starting with “initial

ideas” that would lead to improvement in one aspect but also lead to deteriorating

other factors. Some of the contradictions are listed below.
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3.1 Primary Problem: Worker’s Health and Safety

According to the first design concept, the boxes containing the parts were designed

to slide on roller beams through their own weight and the angular positioning of the

guide and allocation rack levels. Preliminary tests showed that the boxes were

really picking up speed along the length of the allocation rack. In the “operating

zone,” the boxes then rapidly tilt where the roller beams transition to the guide (see

Fig. 10.). This tilting poses a risk for the worker as he might inadvertently place his

hand in this area (see also CECA).

Fig. 9 Cause and effect chain analysis for risk of injury; circles mark key problems

Fig. 10 “Operating zone” of initial rough concept where the problem occurs
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3.1.1 Engineering Contradictions Regarding Use of Steel Boxes

In the first attempt, the use of boxes was questioned and several options were

discussed (e.g., belt conveyor with bristles to replace boxes and roller beams).

However, using steel boxes as the means of transportation was preferred by the

customer of GSE due to their in-house availability. Another advantage was the

increased ability for the camera system to recognize size, shape, and orientation of

the parts in the “defined” space of the box. Therefore, we concentrated on using

boxes and stated their advantages and disadvantages in the form of engineering

contradictions:

If we use boxes

Then a.) the allocation system is “simpler”

b.) the parts have a “defined” space and are easy recognizable

But a.) risk of injury is higher

b.) weight is higher (boxes are heavy)

The formulation of engineering contradictions allows concentration of the

parameters that we want to improve (stated in the “then. . .”-line) and its counter-

part, the parameter that gets deteriorated as a consequence (stated in the “but. . .”--
line). Converted into the language of the contradiction matrix [the 2010 version was

used during the workshop Mann (2013)], the engineering contradiction then

consisted of the conflicting parameters:

Allocation system is simpler 41—Manufacturability

45—System complexity

Risk of injury is higher 37—Security

38—Safety/vulnerability

All resulting inventive principles from the combination of the four parameters

were then assessed:

37 38

Worsening feature

Improving feature Security Safety/vulnerability

41 Manufacturability 1

10

24

13

6

28

35

9

45 System complexity 28

24

5

10

24

26

10

35

The suggested inventive principles are:

1: Segmentation

24: Mediator

10: Preliminary action

13: “The other way around”
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6: Universality

35: Parameter changes

28: Mechanics substitution

9: Preliminary anti-action

5: Merging

26: Copying

An excerpt of some ideas based on the inventive principles is:

1: Segmentation in combination with 24, mediator
Using a bristlelike structure applied to the guide to slow down the boxes and

prevent the rapid tilting of the boxes

24: Mediator

Using a seesaw to tilt the boxes in a controlled way

28: Mechanics substitution, suggestion b.) Use magnetic fields
Using a magnetic field to slow down the boxes during tilting

28: Mechanics substitution, suggestion c.) Use structured fields
Arrange the rollers of the roller beams in a x-type pattern (their rotation axes

angled toward each other) to slow down the boxes

35: Parameter changes in combination with 5, merging
Use a curved transition to the guide to minimize the gap between the boxes and

the roller beams
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13: The other way around
Putting the rollers on the boxes, not on the beams (little trolleys)

During the assessment of the ideas, the concept of using rollers on the boxes was

the preferred concept. This was further substantiated, and to slow down the boxes

on the guide, a counterweight was suggested that is pulled up by the trolleys

.

This concept was further changed to a roller-and-track system, where rollers are

placed in the top corners of the boxes, which can then be hanged into a track system

that is guiding the boxes throughout the allocation system (Fig. 11).

This concept also enabled the elimination of a driven belt on the back-end of the

allocation system which before was necessary to move the boxes in and out of the

lift. The roller-and-rail system allows the boxes to move themselves into and out of

the lift. Small gaps and angular changes in the track can easily be rolled over.

The thought process was supported by the concept of Ideality, always looking

for possibilities of functions being carried out by “itself” or looking for the ideal

system that is performing the useful functions without harmful side effects

(Hentschel et al. 2010; Nähler et al. 2012; Koltze and Souchkov 2011). As a

consequence, the roller-and-track system then has been optimized to be self-

cleaning by using shaped rollers that run on guiding rails.

Fig. 11 Old concept, roller beams (left); new concept, rails and rollers (right)
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3.1.2 Engineering Contradictions Regarding Velocity of Boxes

One problem had still to be solved. The use of a counterweight results in slower

moving boxes. While this is good for the safety of the worker, it has a negative

effect on the overall process speed, as the boxes take a longer time to travel the

distance of the guide down to unloading. The contradiction to represent this

situation was stated as follows:

If we slow down the boxes

Then the safety of the worker increases

But the cycle time will be long

Instead of analyzing the engineering contradiction, this statement has been

converted to a physical contradiction as follows.

3.1.3 Physical Contradiction Representing Worker Safety

and Cycle Time

The following physical contradiction formulates the heart of the problem regarding

the usage of steel boxes, its resulting risk of injury and the influence on cycle time.

The formulation enables a focused idea generation around this inventive problem:

Physical contradiction:

The boxes should be moving fast to achieve a short cycle time.

They should be moving slowly to achieve a safe work environment.

The separation principle “separation in time” led us to an interesting solution

concept:

By separating the need for fast moving boxes and still boxes in time, an enclosed

solution was developed that only allows the worker to access the loading /

unloading area when all moving parts have come to a full stop. The solution

suggests a sliding door that is opened by a counterweight (ideally “opening itself”)

as soon as a box is ready to be loaded/unloaded. After the worker completed his

step, he closes the sliding door, activating the allocation system and allowing the

boxes to move fast through the steep guide and allocation rack. This results in lower

cycle times while eliminating the risk of injury. Another advantage of an enclosed

system is that noise can be effectively damped and no special dampers are neces-

sary to reduce impact speed of the boxes (Fig. 12).
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4 Conclusions

The support of the development project with TRIZ resulted in a systematic

approach to solving the technical problems at hand in a step-by-step approach.

The time invested for thoroughly analyzing the situation, identifying the major

problems, and focusing on root causes instead of symptoms paid off regarding

several aspects:

1. The TRIZ-guided process opened eyes for the “real” problems and in which

order to solve them. Previous decisions based on assumptions could be revised

and corrected, saving time and proactively considering hidden or unspoken

customer needs.

2. Especially the CECA and function analysis helped to uncover missing or

contradicting information from the customer, which could then be included in

the specifications and requirements management.

3. TRIZ brought up the right questions through its ideality- and “ideal system”--

focused approach. As a result, effective solutions were generated in a short

amount of time. Consideration of the “self-principle” led to sound design

decisions that were robust, safe, and cost-effective.

Through this way of procedure, the approach of the development task was very

structured, a common language among the developers was established, the analysis

of problem situations was enhanced, and the people were enabled to focus solving

of the “right” problems instead of symptoms.

Since the workshop the concept has been detailed further and subsequent

problems have been solved. Upcoming development tasks for future versions

have already been identified, one of them being to decrease the overall length of

the allocation system to reduce the occupied space on the shop floor.

With the chosen approach to guide untrained developers through a TRIZ work-

shop, the common preoccupation of “TRIZ is complex, time-consuming, and

Fig. 12 Enclosed allocation system concept
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complicated” could be dissolved. The workshop participants were highly impressed

by the results they achieved within one day. Moreover, it has been shown that even

within a limited timeframe, a series of TRIZ tools aimed at problem clarification

and problem selection, and problem solving could be deployed. Nevertheless, a

thorough preparation and trained facilitators are necessary for an effective, goal-

oriented process. Because of the efficiency of the TRIZ workshop, it is intended to

establish TRIZ as an integral part of the development process of the company.
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TRIZ Events Increase Innovative Strength

of Lean Product Development Processes

Christian M. Thurnes, Frank Zeihsel, Boris Zlotin, and Alla Zusman

Abstract New product development has to cope with different target dimensions.

The need for a short time to market requires a very efficient process, and the need

for innovation demands new and promising quality of the intellectual work that is

done by all the people involved in the process. This work captures a very efficient

process pattern out of the field of lean product development and enhances it by

adding TRIZ processes for increased innovative power symbiotically (TRIZ or

theory of inventive problem-solving). By this means, TRIZ concepts and

approaches are utilized as lean events in an event-driven lean product development

process.

Keywords Lean product development • Events • Systematic innovation • TRIZ •

Innovation process • New product development process

1 Introduction: Integration of TRIZ into Lean Product

Development

Lean product development is one of the most actual topics in the field of R&D

management. More or less, lean product development is the attempt to copy the

Japanese role model of a straight customer-oriented efficient product development.

As almost all concepts are actually known as “lean,” also lean product development

is based on the production and management concepts used and to a great extend

originated by Toyota. Starting in the 1970s of the last century, Toyota’s concepts
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like the Toyota Production System (TPS) got well known all over the world. Later

also other practices and concepts of Toyota also regarding management, leadership,

and product development followed, and many companies try to adapt these con-

cepts to create their own “lean” strategy. But not every company is part of the

automotive industries, and not every company has the size of the Toyota company,

which is typically the template for all companies that are trying to adjust their

processes toward “lean.”

Besides the undoubted success of the originator of the lean principles, tools, and

processes, the most interesting question for many other companies around the world

is how to achieve a similar success under their own framework conditions. As a

contribution to answer this question in part, this article gives an overview about

TRIZ events as an expansion of the recently described TRIZ-driven innovation

events (see Thurnes and Zeihsel 2014) that provide also small- and medium-sized

enterprises with a good occasion, to enrich a high-efficient lean product develop-

ment process with the innovative power of some TRIZ tools (TRIZ or theory of

inventive problem-solving) to create an efficient and innovation-oriented product

development process.

2 Practicable Lean Product Development: Event-Driven

Process

In contrast to the triumphal march of lean production methods, the lean product

development became known later and very slow. There may be several reasons. On

the one hand, the resources needed to copy the original role model are not available

for most of the companies. On the other hand, the variances between product

development processes of different companies are higher than in production pro-

cesses. And furthermore, how to balance creativity, innovation, and short process

and lead times in a process framework for efficient product development remains an

unanswerable question.

Regarding efficiency, Ron Mascitelli developed a “practical, event-driven pro-

cess for maximizing speed, profits and quality” (Mascitelli 2011) in his book

“Mastering Lean Product Development. Besides using elements from typical lean

product development and custom development methodologies (see, e.g., Mascitelli

2006), he created a process structure that follows many lean principles and guide-

lines. But furthermore, this approach is best placed to be used by small- and

medium-sized companies. It is event driven, and by number, type, and duration of

events, the process is very customizable without losing the power of its efficient

execution. The process description even covers very early stages of the process, so

that more or less the framework could rather be considered as innovation process

than as product development process (see Fig. 1).

The increased efficiency is generated by the combination of appropriate methods

of lean product development and recent project management techniques. This
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allows independence from common phase-gate approaches. Small- and medium-

sized companies often realize a better flow of activities, when their development

process is controlled based on management by exception instead of management

using rigid gates. However, if phase-gate is used, the gates may be integrated in the

event-driven process.

3 Increasing Innovative Power Using TRIZ

The theory of inventive problem solving (TRIZ) is one of the most promising

systematic methodologies, to incorporate innovation power in product development

processes. Almost all of the TRIZ methods and tools used today are originated,

influenced, or at least inspired by the works of Genrich S. Altshuller (see, e.g.,

Altshuller 1984, 2006; Altshuller et al. 1999) and his mentees.

The methodology disseminated from their Russian origin all over the world but

in a smooth and gentle way. It evolved to a methodological toolset for many

different innovation management tasks (e.g., see Terninko et al. 1998). Nowadays,

some TRIZ specialists can be found in many companies and some organizations,

like the European TRIZ Association (ETRIA) and the International TRIZ Associ-

ation (MATRIZ), and others foster the usage and the ongoing research in this field.

In Germany, a special group of the Verein Deutscher Ingenieure (VDI) founded an

industry standard, which will be the fundament for a further dissemination of TRIZ

in academics and practice (see Hiltmann et al. 2014).

Today the term TRIZ covers not only the fundamental works of Altshuller but

also further developments and new methods. But most of the TRIZ tools and

techniques can be used quite well in situations, when systematic procedures are

Fig. 1 Event-driven lean product development process according to (Mascitelli 2011)
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needed, but on the other hand, a high degree of innovation in new solutions or

products is aspired.

TRIZ nowadays is a set of many methods, tools, and principles. Even the

classical TRIZ (see Altshuller et al. 1999) already was a bunch of many tools,

and in this century, many additional approaches evolved. For the integration in the

event-driven lean product development process, TRIZ is an appropriate tool to

choose some tools, because they mostly are:

• Systematically structured

• Enabling creativity of many people with different qualifications

• Easily practicable (with help of experienced facilitators)

• Supporting a system-based approach

• Leading to specific solutions

Event-driven lean product development is predestinated for organizational

learning and knowledge creation and concurrent efficiency. The integration of

TRIZ increases the power of this process dramatically, because it adds systematic

innovation to the already integrated systematic knowledge gathering. In other

words, TRIZ adds an additional level of innovativeness to the process given.

4 Characteristics of Lean Events

As shown in Fig. 1, the concept of the event-driven lean product development is

based on specific events. “Event” in this context is a specific working form, often

used in lean approaches. The most known application might be the so-called Kaizen

event, but also 5S events, SMED events, and other lean events exist—especially in

the field of product development 3Ps’ events are common (see, e.g., Bicheno and

Holweg 2008 or Ward 2007). “3Ps” thereby stands for production, preparation, and

process or similar expressions.

Events are scheduled in project plans but are more flexible as usual gates. They

serve as points of concentrated teamwork to create important partial results and to

ensure and foster an efficient flow in the development process. From an innovation

perspective, each event creates new knowledge about the product to be developed.

Especially in the lean product development at some points, even more knowledge is

created that may be used in later projects. However, the event differs from usual

gate meetings or project coordination meetings substantially. A lean event is not

just a meeting, but it takes much more as an action. The most important factor is that

the lean events create work results and not just decisions or action item lists

(without really working on these items before). And these work results enable the

flow of work till the next event. Any lean event as part of an event-driven process

consists of (see Mascitelli 2011):

• A preparation phase prior to the event (starting 3–4 weeks before the actual

event)
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• The actual event (in our case mostly 1 day)

• A follow-up phase, while the tasks necessary to reach the next preparation phase

should be fulfilled

An important factor for successful lean events is to have a specialized structured

approach for every kind of lean event.

So the preparation phase encompasses usually an intensive data gathering. But

this action happens in a structured way—determined by the kind of event. Also the

definition of goals and limitations is part of the preparation phase as well as the

definition of team members and resources in a standardized way.

The actual event does not have to have any timely exact schedule, but the

activities have to be structured and well known by the participants or leaded by

experienced facilitators. In this structured teamwork session, team members apply

collaboratively standardized tools and methods along the standardized approach. At

the end of the event, the results are documented in a standardized way, and the team

develops the tasks that have to be fulfilled before the next event can be started. The

structured form to depict the action items should be standardized.

Also the follow-up phase shows some structures. Action items are tracked and

routinely assessed.

A key for the success of lean events is the high level of activity of the partici-

pants. These activity is the result of structured and standardized procedures in

combination with motivating framing conditions and an experienced facilitation.

It has to be considered that a big part of the motivation results in the strong

emphasis on doing things and the will to create results in short time. For more

detailed information about the characteristics of lean events, have a look at the

multiple sources in lean literature (e.g., Liker 2004; Bicheno and Holweg 2008;

Coletta 2012).

For this article, we will only focus on the structure of different kinds of lean

events. And this will not be classical lean events but TRIZ events, which injects

more innovation into the event-driven lean product development process.

5 TRIZ Events as Lean Events

TRIZ is very suitable as innovation accelerator for event-driven lean product

development, because its systematic and structured approaches fit very well into

the scheme of the lean events. For an advantageous integration of TRIZ events, in

general, two steps have to be done:

1. Identification of the right place in the event-driven process, where some kind of

TRIZ event adds innovative value

2. Structuring of each kind of TRIZ event in an appropriate way and choosing

suitable tools that fit the characteristics of lean events
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The starting point for the following discussion is the event-driven process shown

in Fig. 1, which knows seven different kinds of lean events. For a detailed

description of the schedule and tools of each kind of event, see Mascitelli 2011.

But this event structure is just a template that can be transformed by each company

in the way that fits best to its needs.

Regarding step 1, “identification of the right place in the process,” it is necessary

to identify the points in the process, where a higher amount of innovation works can

increase the value of the solution most likely and with the help of TRIZ. But at the

same time, the lead time should not be extended essentially. As a rough guide, one

can say: the more new knowledge has to be created, the more the insertion of a

TRIZ event seems reasonable.

Regarding step 2, “the structure of the TRIZ Events,” one can have a look at the

TRIZ tools and methods he or she already uses. Normally, these should show up a

structured and maybe algorithmic nature. With this in mind, the following proce-

dure helps to define the methodological structure of the kind of TRIZ event to be

created:

• Define the goal for this kind of events.

• Collect the TRIZ tools and methods you ordinarily use to reach this goal (as a

beginner, there is no other chance, than asking an experienced person for

support).

• Evaluate the selected tools and methods regarding their ability to be spread over

the three phases of lean events: preparation phase, actual event, and follow-up

phase.

• Create the standardized tools for conduct and documentation.

• Simultaneously check the used tools, documents, methods, and approaches to fit

with each other—if there are different TRIZ events designed, the variety of

tools, methods, and documents should be as small as possible.

As described above, there is no paradigmatic prescription what TRIZ tools

should be used. The practical experience of the authors shows that experienced

TRZ users should use the tools they are most familiar with, if several tools are still

on the shortlist.

In this article, mainly TRIZ tools and methods originated and inspired by Boris

Zlotin, Alla Zusman, Svetlana Visnepolschi, Vladimir Proseanic, and other mem-

bers of the ideation research have been chosen, because they provide a widespread

range of TRIZ solutions based on tools that are very similar in structure, appear-

ance, notation, and documentation.

5.1 Innovation Events

The purpose of the innovation events is to create problem solutions, which are very

innovative. In some cases, the problems to be solved are obvious; in other cases,
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even the right problems have to be found first. Typically, this kind of TRIZ events

fits at two places in the event-driven lean product development process (see Fig. 2).

Innovation events create innovative problem solutions and if necessary question

and problems that lead to innovative solutions. Innovation does not happen acci-

dentally, but it is the result of a systematic approach. And this result represents a

gain of new knowledge for the company. The TRIZ problem-solving does not only

lead to one solution, but it leads to several potential solutions—so also the solutions

which are not chosen represent new acquired knowledge for the company. Because

of this, innovation events can typically be placed:

• Before the market requirements lean event, to create innovative product ideas

• Alongside the learning cycle events

The market requirements event focuses on customer needs. The consideration of

the voice of the customer leads to the definition of the required features of the new

product. The innovation event before may be held, if there is no innovative product

idea or if this idea is still fuzzy. The result of the innovation event then is the input

for the market requirements event.

In the further illustration of the innovation event, the position alongside the

learning cycle events is base for the description. The number of learning cycles is

not specified. “These events are the answer to recognized risks based on identified

knowledge-gaps. According to the principles of the knowledge-based engineering

the methods used in these events are based on experiments to gather information

about distribution and variation of parameters of components, materials, procedures

and so on” (Thurnes and Zeihsel 2014). The innovation events have primarily the

same goal: closing knowledge gaps. But in contrast to the learning cycle events

whereby team is mainly closing gaps regarding the state of the art, teams are here

searching for solution on higher level of innovation.

Fig. 2 Typical positions of innovation events
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The chosen method is an adaption of the process of inventive problem solving

(IPS), created by Boris Zlotin (see, e.g., Terninko et al. 1998 or Zlotin and Zusman

2004). A more detailed description of the adjustment of the IPS to fit with the

characteristics of a lean event can be found in Thurnes and Zeihsel 2014—the

description below explains the essential components and procedures.

Preparation Phase

The first part of the preparation phase starts with the definition of the problem,

because solving this problem is the goal for this event. Typical problems may sound

like “We don’t know ways, how to realize the needed function” or “We have a good

feature, but the realization would weaken our product” or similar. So the problem in

fact is a knowledge gap, and the goal is to close it by creating appropriate new

knowledge.

The Innovation Situation Questionnaire® (ISQ®) is a heuristic tool in form of a

structured interview that asks several questions to gather all information needed for

the team, to start the event and to raise all participants on the same level of

understanding the situation (for more detailed information about the ISQ®, see

Terninko et al. 1998). The checklist covers topics like a brief description of the

identified knowledge gap, impacts of the problem, vision of the ideal solution,

resources of the system and the supersystem, reasons for the choice of the problem,

similar problem solutions already known, and analogies. This innovation checklist

should be done before the event—it can be sent around the participants and when

finished shared with all team members. The facilitator decides if the list is filled in

completely or not. If not, he or she facilitates more rounds of filling the innovation

checklist with information.

Actual Event

The duration of the actual event should be 1 day. If more time seems to be required,

you should size smaller problems and conduct more than one innovation event and

close multiple knowledge gaps.

To develop the innovation tasks for the team, the problem has to be defined well,

using a model. This model describes specific partial problems within the overall

problem. In this article, we mention using the “problem formulation” (see, e.g.,

Terninko et al. 1998; Zlotin and Zusman 2004) as the method to model the system

and the problems within. Besides the ability to be used by a team (on a corkboard or

with software support and beamer), this method provides some important

advantages:

• “Documenting information about the problem and the mechanism causing it

• Developing a detailed description of the system in both its static and dynamic

state

• Modeling the situation—convert the team members understanding of the situa-

tion into a visual cause-and-effect model

• Formulating an exhaustive set of “Directions for Innovation” based on the

model” (Thurnes and Zeihsel 2014)
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Figure 3 shows a system diagram as an example of the result of conducting a

problem formulation. The rectangle boxes contain useful functions, conditions, or

states, and the boxes with the round edges show harmful ones.

The system diagram in this case can be interpreted with an easy to perform

algorithm, so “direction for innovation” in the form of smaller inventive tasks can

be derived. Some examples of directions for innovation are given below:

• “Find an alternative way to obtain<Useful Factor 1> that offers the following:

does not cause< harmful function 3> does not require< Function with knowl-

edge gap> .

• Try to resolve the following contradiction: The useful factor< Function with

knowledge gap> should be in place in order to provide or enhance<Useful

Factor 1>, and should not exist in order to avoid< harmful function 2> .

• Find a way to eliminate, reduce, or prevent< harmful function 2> under the

conditions of< Function with knowledge gap> .

• . . . and many more . . .” (Thurnes and Zeihsel 2014)

These directions for innovation are used as detailed tasks. TRIZ knowledge

bases and tools now are sources of impact, to brainstorm for solution ideas. These

knowledge bases may be heuristical hints or collections of typical technical solu-

tions, as well as collections of physical or other effects and many others that can be

found, e. g., in literature about classical TRIZ (e.g., Altshuller et al. 1999). For the

purpose of the innovation events described in this article, the authors recommend

using the “system of operators” (see, e.g., Terninko et al. 1998) that provides

specific brainstorming hints for each direction of innovation.

Fig. 3 Generic system diagram to model a knowledge gap (depiction created with Software

Innovation Workbench®)
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After getting and evaluating solution ideas, these ideas have to be leveraged into

solution concepts to close the knowledge gaps. Therefore ideas have to be com-

bined and brought together with the resources of the system. Maybe some conflicts

(in TRIZ terms: contradictions) appear thereby, so the TRIZ tools and knowledge

bases can be used once more, to resolve these conflicts. A comparison of the

solution concept with laws/trends and/or lines of technical evolution can be used

as additional check and further improvement of the solution concept.

The created knowledge of the innovation event exists not only in the diagrams

and brainstorming lists created during the event. As done in common learning cycle

events, the new knowledge gained has to be stored and prepared in the so-called A3

reports or knowledge briefs, to be saved for further usage all over the learning

organization (find examples and detailed information, e.g., Matthews 2011;

Mascitelli 2011).

In general, lean events should show results after the actual event. But maybe

some additional checks, tests, or experiments are necessary, before the new knowl-

edge can be presented in an A3 report. In this case, an action item list has to be

prepared with tasks left over for the follow-up.

Follow-Up Phase During the follow-up phase, the open tasks have to be closed.

Sometimes subsequent tasks appear that way, so they have to be fulfilled or—if they

show up essential knowledge gaps—be considered as topic for another innovation

or learning cycle event.

5.2 Evolution Event

The purpose of the evolution event is to define promising future concepts by

considering the evolution of the system—whereby the system is the product or

the supersystem of the product. This approach is not just a forecast, but it respects

different trends or patterns of the evolution of (mainly but not exclusively) socio-

technical systems to support the decision, in which product or service ideas may be

the most promising (Fig. 4).

The innovative power of this kind of TRIZ event typically is useful to decide

about the direction of upcoming systems. Regarding an event-driven lean product

development process, typical positions for integration should be:

• At the very beginning

• At the end of the process

The evolution event at the beginning of the process should be organized, when

the very first and raw collection of ideas for the system to be developed was created.

Especially small- and medium-sized companies have no enough resources to place

a bet on many horses. The evolution event helps to clearly find promising ways to

go, based on an evolutionary perspective. Then the lean event market needs will use

the results to exactly attune the features to the voice of the customer.
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At the end of the process, the event confirms the decisions made and helps to

define the opportunities for further development of the system.

There are several considerations about the evolution of systems in TRIZ. The

description below refers to the Directed Evolution® approach (see Zlotin and

Zusman 2004; Zeihsel et al. 2013). For the integration in the event-driven lean

product development process, this huge approach is used in a simplified express

form. And this express Directed Evolution® is portioned into pieces, meeting the

requirements of lean events. The questions to be answered by the events are, e.g.,

“What characteristics of the product are logical in the next steps in product

evolution?” or “What will be the next direction to guide the development of a

successful product?” or similar.

Preparation Phase

Like the preparation for the innovation events, the preparation of the evolution

event starts with a structured checklist—respectively structured interview forms.

The checklist asks for the initial situation to explore the real topics of the event. An

important point at this stage is also to pre-evaluate the innovative potential of the

project. The evaluation encompasses different factors:

• The technical level the new product could/should reach (especially novelty and

permitted or limited changes to existing systems)

• Evolutionary potential of the system (especially the system’s position on S-curve
and the evaluation regarding accordance to several patterns of evolution of

technical systems)

• Commercial aspects (especially invention-, market-, and patent-related factors)

The checklist has to be prepared, before the event starts. The facilitator has to

collect all the pieces of information. He or she arranges and documents it and is

responsible for the completeness of the filled in list. Without any doubt, software

support may be useful in this stage for documentation and communication.

Fig. 4 Typical positions of evolution events
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The finished list has to be recognized by the participants of the actual event before it

begins.

Actual Event

The duration of the event should be 1 day—to make this happen, the conscientious

conduction of the preparation phase is essential.

The first action of the event is to formulate the ideal vision; therefore, the ideal

solution is to define what is attainable with minimal changes of the existing system.

This is the so-called “mini” problem.

After this definition, the main problems to be solved with future generations of

the system can be identified, and some first-solution ideas can be developed.

Now, the problem and first-solution ideas are evaluated using different schemes

that reflect different aspects of evolution of technical and social systems. One of

these aspects is described by the TRIZ-based patterns of evolution (see, e.g., Zlotin

and Zusman 2004):

• Stages of evolution—S-curves

• Evolution toward increased ideality

• Nonuniform development of system elements (contradictions)

• Evolution toward increased dynamism and controllability

• Evolution toward increased complexity followed by simplification

• Evolution with matching and mismatching elements

• Transition to micro/multi-level

• Evolution toward decreased human involvement

Each of these patterns provides hints to judge on an empirical base which of the

problems and first-solution ideas found fit best to a typical and promising next

generation of the system. Furthermore this approach leads to additional solution

ideas and refines all the ideas. In a similar way, further trends regarding changes in

lifestyle, social life, culture, markets, products, and technologies can be considered.

The facilitator then wraps all the ideas and information up and facilitates the

combination of matching ideas to solution concepts together with the team.

Follow-Up Phase

Main steps in the follow-up phase are to document the solution concepts chosen as

well as the ideas rejected. Maybe some subsequent tasks like experiments are

needed; then their execution also is part of the follow-up. At the end, the collection

of rejected ideas should be made available in the knowledge base of the company in

the form that is used there typically. The elaborated solution concepts have to be

given as an input to the lean event market needs or to the product planning

department or the management as input for thinking about starting further devel-

opment projects.
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5.3 Anticipation Event

The purpose of the anticipation event is to strengthen the usual risk mitigation by

adding creative components to the usual formalistic procedures like, e.g., failure

mode and effects analysis (FMEA). Especially in the case of new technologies or

applied new technical functions or principles, the risks are not easy to cover with

usual methods that besides the systematic approach mainly refer to the team’s
experience. For example, the results of an FMEA depend very much on the

gathered knowledge of the team members, because they brainstorm to find possible

failures in single-process steps or of single components of the product. The results

of this kind of brainstorming as well as the evaluation of possible failures are

mainly based on the previous experiences of the team members. But the future

problems may be located outside the range of actual experience—in this case, the

TRIZ tool of preventive anticipatory failure determination is highly recommended.

In a situation when a nagging shortcoming hinders production or troubles product

performance for years, the AFD failure analysis can help to find all the critical

answers regarding the underlying causes and mechanisms of the issue (AFD, see,

e.g., Kaplan et al. 1999; Visnepolschi 2008). If a more formal approach should be

needed all the way, a combined approach like the failure mode and effects antic-

ipation and analysis (FMEAA) could be used (see Thurnes et al. 2012; Zeihsel

et al. 2012).

The anticipation event is positioned typically in parallel to the project planning

and risk mitigation event (see Fig. 5). If the anticipation event is conducted, it

delivers additional risks in the form of new knowledge gaps that can be closed in

learning cycle or innovation events.

Fig. 5 Typical positions of anticipation events
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To fit with the event-driven lean product development process, the original

procedure has to be divided in pieces in the following way.

Preparation Phase

As for the other TRIZ events, the essential part of the preparation phase is the

gathering of information. In this case, the structured interview form contains

questions regarding the system of interest especially the functioning of the system,

systems environment, and its history. Also undesired effects have to be enquired.

Based on this information, the facilitator develops a system diagram that shows

useful and harmful functions of the system and their cause-and-effect interconnec-

tions. “Function” in this case means not only a technical function but also a

condition or state. So the diagram is quite similar to the result of the problem

definition in Fig. 3.

Before the actual event, the facilitator makes sure that all participants have

contributed to the information gathering and show their commitment to the devel-

oped system diagram. This diagram is the main input for the event.

Actual Event

The first step of the actual event is the identification of focal points. These focal

points represent zones or aspects of the system which may be responsible for the

biggest harm, danger, or weakness of the system. Discussing the system diagram

helps the team members understand about the focal points of the system. The

facilitator can apply some rules to find focal points more easily. For example, the

system diagram shows elements with relatively high number of incoming and

outgoing links—that means that these elements are very important and possibly

sources of big risks.

When the focal points are defined, the team starts generating failure hypotheses

with some TRIZ tools. At this point, the source, effect, object, and result model

(SEOR model) is very helpful to formulate harmful incidents. As important part of

the AFD, this potential incident is amplified to “invent” very harmful potential

incidents (see Fig. 6).

For example, a heating device (harmful source) placed nearby a plastic gear

(object) may melt the gear and loses its ability to transmit torque. One of the

amplified directions in this example sounds “Find ways to strengthen the heating

devices to melt the pad even more.” These amplified directions now are the starting

points to search for resources in the system or its environment that may make this

incident happen. This search can be supported using special checklists with exam-

ples of typically hazardous materials, processes, or individuals.

Failure hypotheses and failure scenarios as combination of various failure

hypotheses have to be evaluated regarding the risk they represent. Typically the

evaluation of these invented hypotheses and scenarios is based on:

• Grade of hazard: here the definitions of the other risk mitigation procedures may

be used as common for the company.
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• Likelihood: in a TRIZ manner, the likelihood is very high, if the resources that

may cause the theoretically possible incident are available—in general or maybe

just under specific conditions.

Failure scenarios and hypotheses evaluated as very hazardous and very likely

should be documented as topics for learning cycle or innovation events. The last

step of the actual event is to make a decision which failure scenarios and failure

hypotheses should be treated which way—this is documented in the action item list

for the follow-up phase.

Follow-Up Phase

The follow-up of this event comprises the further work on the failure hypotheses

and scenarios. Dependent from their nature and their evaluated impact, they can be

treated in different ways:

• Pick up those hypotheses in terms of a task in the regular project plan that are

evaluated as risk but without knowledge gap
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Fig. 6 SEOR configuration (see Visnepolschi 2008)
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• Dedicate a specific learning cycle event to those hypotheses or scenarios that are

evaluated as moderate risk and knowledge gaps

• Dedicate a specific innovation event to those scenarios that are evaluated as

severe risk and knowledge gap

5.4 Intellectual Property Event

The primary purpose of the intellectual property events (IP events) is to save the

developed intellectual property from being circumvented by competitors easily.

Therefore the procedure applied in the event tries to enhance the own patent—

patents around the system to be developed. This leads to further ideas for stronger

patents. As a result, there are a few ideas for patents besides the original idea for a

patent. Usually not all these are used later, but the filing of all these patents protects

the actual patent in use. Sometimes the Patent Deconstruction® approach (see

Proseanic and Visnepolschi 2011) leads to the decision that one of the new patent

ideas will be realized instead of the one initially planned. The Patent Deconstruc-

tion® approach is also applicable in challenging strength of a competitor’s patent
that hinders development of the company product or process. In this case, the task is

to modify the technology in question so that it becomes simpler, more reliable, and

easily implementable. The procedure typically results in finding well-known and

infringement-free alternatives to the problematic technology and in truly original

ideas that are often patentable as well. The TRIZ approach for enhancing patents

that way is not a legal approach—instead of thinking about enhancing the strength

of the formulation of the claims, it is suggested to invent claims for stronger

technical concepts (Fig. 7).

Fig. 7 Typical positions of intellectual property events
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IP events may take place at any position in the event-driven lean product

development process. Especially at the beginning of the process as well as around

events that create “new reality” in product or process, they may be very useful. So

each company using this approach has to decide if there are some standard IP events

(e.g., at the beginning and the end of the development process) or if there are

exceptional IP events requested by the project leader or a specified committee or if

the company needs a combination of both.

To keep the plenty of used methods and models small, also in this case, the

modeling notation of problem formulation is used (similar as mentioned above in

other event descriptions, see Proseanic and Visnepolschi 2011).

Preparation Phase

To prepare an IP event, the structured interview form to gather initial information

asks for some details of the invention patented (or to be patented). Besides the

name, especially an entire description of the claims should be available. Further-

more it will be good to know about competing patents in the same field.

Actual Event

To prepare further ideas for strong patents, first the initial patent (or patent idea) is

modeled on a corkboard or with an appropriate software tool. Figure 8 shows an

example for such a model. Essential parts of this model are taken out of the

description of the independent claim of the patent (or patent idea).

The team now works with this model, following several standardized sugges-

tions that are based on:

• Generalizing elements of the modeled claim, to create a wider range for a new

patent

• Trimming away parts of the invention, to create a new system with less elements

but at least the same useful functioning as the original system

To find the right ideas, standardized TRIZ tools may be used—as described

earlier, we remain with the system of operators, because it is very effective and also

used in the other events. Figure 9 shows an interim result of working on the patent

model shown in Fig. 8.

As a result, ideas for new patents are documented and formulated as independent

claims. Maybe in some cases, the team doesn’t find a way to realize the new model

easily—then a shortened version of the innovation event can be embedded, to close

the identified knowledge gap inventively.

Follow-Up Phase

The follow-up in this case contains meeting the decision, in which ideas from the

list actually should be filed. Then the further process is consigned to the respective

department or person. In some cases, the responsible persons may decide to publish

some of the ideas, to realize freedom to operate.
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6 Conclusions

Based on the very pragmatic and efficient event-driven lean product development

process, this article shows a useful way to add innovative power at distinct stages.

Advantages using the TRIZ events as described are:

• Adding very systematic and thereby efficient elements to create more innovation

and higher quality

• Having a need-oriented event set, to gain efficiency

• Getting sophisticated TRIZ approaches in a structured action procedure that is

compatible with the characteristics of lean events

• The concentrated selection of just a few TRIZ tools does not confuse the users

So far the concept described in this article is partly practical proven. The TRIZ

tools are well known and state of the art—their adaption to the lean event structures

and requirements is still under development. The authors already gained experience

in performing several TRIZ events and refine the concept actually. The usage of the

TRIZ events all in all leads to the development of more new knowledge per time.

And this knowledge has a higher quality regarding its level of innovation. Therefore

Fig. 8 Model of an independent claim of a patent (depiction created with software “invention

enhancement,” by kind permission of Vladimir Proseanic)
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the practical event structuring of TRIZ applications is a promising approach for the

further improvement of efficient product development processes.
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Advanced Function Approach

in Modern TRIZ

Oleg Feygenson and Naum Feygenson

Abstract In this chapter, the authors describe Advanced Function Approach

(AFA) which was introduced as an analytical tool of Modern TRIZ in 2010. At

that time, it was shown how utilizing the spatiotemporal parameters can further

enhance such a powerful analytical tool as Function Analysis for Engineering

Systems.

Since then, AFA has proved its practical efficiency—dozens of systems have

been improved or developed using the results of AFA. Moreover, methodological

recommendations for applying AFA have been developed and verified in the

following areas:

• Revealing and describing the synergetic effect of combining two Engineering

Systems;

• Specifics of Function Analysis for Engineering Systems at the exploitation stage;

• Novel approach to categorizing functions that Engineering Systems perform;

This chapter also reflects milestones in developing Function Analysis and

incorporating it in Modern TRIZ.

Keywords Function • Function Approach • Spatio-temporal parameters

1 Introduction

Lawrence D. Miles, the universally recognized founder of the function approach,

developed Value engineering (VE)—a systematic method to improve the “value” of

goods or products and services by examining their functions. By definition, value is

the ratio of function to cost. VE follows a structured thought process that is based
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exclusively on “function,” i.e., what something does, not what it is (Kaufman

2009).

The history of developing function approach is described in detail in (Litvin

et al. 2010). Nowadays, about 20 ways to define and utilize the concept of

“function” in various fields of science and engineering exist. Those concepts are

described and discussed in (Houkes and Vermaas 2010). Results of extensive

research on philosophical and methodological aspects of applying the function

approach can be found in (Vermaas 2013; Cummins 1975; Vermaas 2010). Some

methodology behind the application of the function approach for enhancing cause-

and-effect analysis is described in (Chittaro and Kumar 1998; Weber and de

Preester 2005).

Here, in this chapter we will focus on the practically oriented function approach

and the function analysis that are used in Modern TRIZ for analyzing engineering

systems.

Function analysis, as defined in Modern TRIZ, is an analytical tool that identifies

functions, their characteristics, and the cost of System and Supersystem compo-

nents (Gerasimov and Litvin 1991). This type of analysis is needed to identify the

system’s disadvantages such as harmful functions, insufficiently or excessively

performed useful functions, excessive cost of components and, as was proposed

recently, the wrong place and time of performing functions, and the absence of the

required functions (Litvin et al. 2010). Another goal of Function Analysis is to

prepare a model of the system to be used in the subsequent stages of the analysis:

Flow Analysis, Cause-Effect Chain Analysis (CECA) or Root-Cause Analysis

(RCA), Trimming, Feature Transfer, and Super Effect Analysis.

2 Essence of Advanced Function Approach

The function analysis for engineering systems, as developed by specialists of the

Leningrad (St. Petersburg) TRIZ school, Vladimir Gerasimov and Simon Litvin, is

characterized with the following attributes:

• A concrete, practical definition of function was introduced: “An action

performed by one Material Object to change or maintain at least one Parameter

of another Material Object.”

• A triad for the description of a function was suggested: “function carrier—

action—object of the function.”

• Rules and algorithm for accurately formulating functions were developed.

• A parametrical evaluation of the level of function performance was suggested.

• Also, the concepts of harmful and neutral functions were introduced.

Graphically, a function can be represented as shown in Fig. 1.

The specific steps and detailed procedure of the Function Analysis are described

in the classical work of Vladimir Gerasimov and Simon Litvin published in Russian

(Gerasimov and Litvin 1991). In English, some highlights can be found in (Litvin
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et al. 2010). Here, we would like to describe briefly the procedure of the Function

Analysis as it is adapted in TRIZ and then demonstrate how AFA can enhance this

analytical tool.

When we are analyzing an Engineering System, the first thing we have to do is to

split this system into components. This part of Function Analysis is called a

Component Analysis. As a result of this procedure, we will have a list of compo-

nents that make up the system. The list should also include several components of

the supersystem with which our system interacts. Those supersystem components

can be used as resources in the future when we improve the system (e.g., they can be

used as new potential function carriers if we decide to trim components of the

system).

Once the list of components has been composed, we need to identify interactions

between those components. If two components physically interact (touch each

other), then there is a chance that they each perform some function. There can be

cases when Component A performs a function for Component B, while Component

B performs another function for Component A. For example, a cup (Component A)

holds coffee (Component B), and at the same time, coffee (Component B) heats the

cup (Component A).

When all components and all interactions between those components are iden-

tified, we have to formulate functions that may take place between components

which interact.

According to Gerasimov and Litvin (1991), “there is a certain sequence to

defining a useful function of a function carrier:

1. Suggest an initial formulation of a function that seems correct.

2. Ascertain whether the function carrier could perform the proposed function itself

(the criterion for this is the presence of at least one element in the carrier that

participates in the execution of the function).

3. Formulate a more precise definition of the function by asking the following

questions: “what is the purpose of performing the function?” (if the element

mentioned in #2 above is evident); “how exactly is the function performed?”

(if the element in #2 is not evident).

If the initial function is imprecise, procedures 2–3 should be repeated until a

precise definition is found. The criterion for finding a meaningful, precise definition

is that at least one element of the object being analyzed takes part in performing the

function.”

AFA proposes adding the following steps to those above (Litvin et al. 2010):

4. “Indicate the place the function is performed;

Fig. 1 A graphical

representation of function
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The indication of place should be precise and specific, because the same function

could have very different levels of performance in different places.

5. Indicate the time the function is performed.”

These two additional steps seem simple, but they really help to understand the

system and identify its disadvantages; let us consider a case study presented in

(Litvin et al. 2010):

Cleansing teeth with a toothbrush.

This example with a toothbrush was used by Simon Litvin and Vladimir

Gerasimov when they were developing the TRIZ-based Function Analysis. Now-

adays, this example is widely used in teaching Function Analysis at TRIZ seminars.

The Function Model of toothbrush was also used by Sergei Ikovenko when he

prepared his Master TRIZ Thesis “TRIZ Application for IP Strategies Develop-

ment” (Ikovenko 2006).

Obviously, the main function of the engineering system under analysis is “to

remove plaque (from the teeth).” A fragment of the function model at the top

hierarchical level is depicted in Fig. 2.

According to Litvin et al. (2010): “The model states that the basic function of the

toothbrush “to remove plaque” has an insufficient level of performance, assuming

that such level was estimated by the parameter “amount of dirt.” This is all of the

information we identified about the interaction of two components: the toothbrush

and the plaque.

However, the important fact that plaque between teeth is removed insufficiently

is not stated by the function model. Actually, according to dentists’ recommenda-

tions it is necessary to use floss to complete a cleansing procedure.

Moreover, the most dangerous location of plaque is the area under the gum,

which is where parodontosis starts. The very important fact that the toothbrush does

not remove plaque from the area under the gum is not indicated.

If we consider ES toothbrush as a set of functions which are characterized by the

location and time of performance, then it becomes clear that the toothbrush removes

plaque from different surfaces of the teeth and, which is especially important, at

different moments in time.” The fragment of Function Model built with AFA is

shown in Table 1.

By using the Advanced Function Approach, it is easy to show that, in reality, the

interaction between two components “toothbrush” and “plaque” is described by at

Fig. 2 A fragment of the

function model at the top of

the hierarchy
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least four derivatives of a function, which are performed in different places and at

different moments of time. It is also important that the levels of performance of

these derivatives are different:

1. Toothbrush—“removes plaque” (time 10—the beginning of tooth brushing;

external side of teeth); adequate level of performance;

2. Toothbrush—“removes plaque” (time 20—in 45 s after beginning of tooth

brushing; chewing side of teeth); adequate level of performance;

3. Toothbrush—“removes plaque” (time 30—in 90 s after beginning of tooth

brushing; palatine side of teeth); insufficient level of performance;

4. Toothbrush—“removes plaque” (time 40—in 135 s after beginning of tooth

brushing; between teeth); insufficient level of performance.

It is also identified that the harmful function “teeth hold plaque under gum”

exists, but there is no useful function “toothbrush removes plaque under gum.”

Let us compare the results obtained by using the classical TRIZ-based Function

Approach and the results from applying Advanced Function Approach.

Table 1 A fragment of the function model built with AFA

Time

Function

Type/rank

and level of

performance Location Comments

Function

carrier Action

Object

of

function

t0 Teeth Hold Plaque Harmful Whole surface

of teeth: exter-

nal, chewing,

palatal,

between teeth,

under gum.

t10 Toothbrush Removes Plaque Basic,

normal

External side

of teeth

t20 Toothbrush Removes Plaque Basic,

normal

Chewing side

of teeth

t30 Toothbrush Removes Plaque Basic,

insufficient

Palatal side of

teeth

t40 Toothbrush Removes Plaque Basic,

insufficient

Side surface of

teeth (between

teeth)

t10–t40 Toothbrush Damages Teeth Harmful Whole surface

of teeth

t10–t40 Toothbrush Damages Gums Harmful Near teeth Different sides

of gums could

be considered

as well: exter-

nal, between

teeth, etc.

. . . . . . . . . . . . . . . . . .
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• While using the classical TRIZ approach a functional disadvantage was detected

and documented: the level of function implementation “toothbrush—“remove

dirt” is insufficient (for example, by the parameter “amount of dirt”)

• With the use of the Advanced Function Approach it was clearly demonstrated

that:

– The toothbrush adequately removes dirt from the external and grinding

surface of teeth.

– The toothbrush insufficiently removes dirt from the inner and flank surface of

teeth.

– The toothbrush does not remove dirt from under the gum. In other words, a

very important function, which is required of the ES, does not exist.

Such information is essential in an analysis of a real ES, since it helps to better

understand systems functionally and identify the drawbacks related to the discrep-

ancy between the factual place of function implementation and the required one.

The function model built using AFA shows that the same function carrier

“toothbrush” implements both the useful function “to remove dirt” and the harmful

function “to damage teeth” in one place—“on the tooth surface (external/palatal/

flank)”—and at the same time. This situation can be modeled as a Physical

Contradiction: “The toothbrush has to contact the tooth surface to remove the dirt

and the toothbrush should not contact the tooth surface in order not to damage it.”

Other weaknesses of the existing toothbrush have been identified and described as

contradictions in (Litvin et al. 2010).

Based on practical experience, AFA does not take much more time and effort

than the classical Function Approach to analyze an Engineering System, but AFA

does allow us to find the real nonobvious disadvantages of a system under analysis.

Moreover, application of AFA significantly accelerates the subsequent analytical

and problem-solving procedures.

3 Synergetic Effect Achieved When Two Identical Systems

are Joined. Practical Example of Applying Advanced

Function Approach

Let us discuss how the Advanced Function Approach can be used to reveal and

describe the synergetic effect of combining two engineering systems. The simplest

scenario is when two identical systems are joined together. When building a

function model of such a bi-system, it is important to know the specifications for

“when” and “where” each system in the bi-system performs its function. This will

give us a clear understanding of what the best regime for the conjoined operation is.

As explained in (The Strategy Reader 2004), the Synergetic Effect is an effect

happening between two or more material objects, factors, or entities that produce a

joint effect which is more significant than the simple sum of their own single

effects.
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A good illustrative description of the synergetic effect is presented in

(Macnamara 2012). When we look at parts, we cannot predict the whole system

and its characteristics. For example, the wetness of water cannot be predicted if we

only consider the molecules or atoms of Hydrogen and Oxygen separately. So, in

order to understand a system we have to understand interactions between the

components of this system as well as changes in their parameters.

Certainly, people try to obtain the highest functionality possible from the

systems they utilize. Modern TRIZ offers a number of tools that can help to

dramatically improve the functionality of Engineering Systems by combining/

merging several systems, e.g., Feature Transfer, Hybridization, Trend of Transition

to the Supersystem, etc.

However, these TRIZ tools do not allow us to clearly identify whether a

synergetic effect is achieved by combining two or several systems. The Advanced

Function Approach can be considered a tool for revealing this synergetic effect.

Let us consider in detail how the synergetic effect can be achieved in the

simplest case of combining two identical engineering systems. First of all, we

need to consider all possible conditions in which the actions of the systems we

are combining perform. Table 2 summarizes these conditions.

Let us now consider how the expected results depend on the conditions of

actions performed.

No. 1: the results are additive, but they can be achieved in a shorter period

of time.

No. 2: does not lead to reducing the time needed to achieve the results; the results

are simply summarized.

No. 3: the result doubles, but the time for achieving this doubled result remains

the same.

No. 4: the time needed to achieve the result is reduced, but the value of this result

strongly depends on the exact interaction of the two systems in the zone of

co-action. That is, the systems could even impede each other.

So, in order to make an informative conclusion about the efficiency that can be

achieved when combining two systems, the first step is to understand the spatio-

temporal parameters of their functions.

In order to illustrate the above approach, let us look through a case study.

Imagine there are two identical excavators that are digging a ditch together. It is

assumed that the ditch has a simple shape: its cross section is rectangular and there

are no turns along the ditch. The width of the ditch is equal to the width of one

excavator bucket.

Table 2 Conditions of performing actions when combining two systems. Possible combinations

Temporal description of

performing actions

Simultaneously Sequentially

Spatial description of performing actions In different places 1 2

At the same place 4 3
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– No. 4: if two buckets are directed into the same place simultaneously, then the

result achieved is rather harmful.

– Nos. 2 and 3 do not really make sense in this specific example.

– No. 1 is the most interesting one. If the functions are performed in completely

different places (i.e., the excavators dig from opposite ends of the ditch), the

achieved results will simply be summarized. However, if both excavators dig

simultaneously and the place where the functions are performed is properly

organized, then a synergetic effect can be obtained. For example, the first

excavator removes the ground from the upper half of the ditch and the second

one removes it from the lower half; see Fig. 3. In this case, we will dig the ditch

more than two times faster since the excavators do not need to adjust the

positions of their buckets along the vertical extend. So, each of them works

more efficiently.

But the opposite effect can also be achieved—when such separation of place

(where the functions are performed) leads to increasing the total time of the

operation. To work properly, each excavator should operate at its respective

depth, and one excavator must remove ground from the ditch at a distance sufficient

so as not to hinder the second. However, if the ditch is not long enough, there is no

positive effect at all from combining the two excavators.

So, in order to reveal a synergetic effect and describe it in terms of functions, it is

necessary to use the spatiotemporal parameters of actions. When two identical

systems are combined into one system as discussed above, there was no way to

explain the expected results without clarifying the two parameters “time of

performing a function” and “place of performing a function.” So, we have illus-

trated another important practical application of the Advanced Function Approach.

Fig. 3 Excavators joined

into a bi-system
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4 Exploitation Stage of a System’s Life Cycle, Its
Uniqueness, and Use of Function Analysis in This Stage

The exploitation stage for any system is the point where the system performs all of

the useful functions for which it was designed. It is vitally important that the system

performs these functions well and just how well it does this characterizes the overall

performance of the system.

In the Innovative Consulting practice, very often we deal with systems that are in

the exploitation stage. Our customers ask us to improve performance or reduce the

cost of existing systems. In these cases, innovative ideas for system improvement

may be found at the previous or subsequent stages, but we always start with the

Function Analysis of the system at the exploitation stage.

Elegant examples of where opportunities for system improvement were revealed

after a simple analysis at the exploitation stage are presented in (Ackoff 1978). One

of those examples illustrates how the direction for further development of refrig-

erators was identified within a consulting session. During this session, it was

understood that most of the times people open a refrigerator’s door in order to get

some cold drink or ice cubes. Is it possible to get ice or cold drink without opening a

door of refrigerator? That is how the concept of ice and water dispenser built into

the door was developed.

The examples from (Ackoff 1978) demonstrate that in order to reveal opportu-

nities for system improvement we do not necessarily need to go deep into the

technical details. A simple analysis at the highest hierarchical level, the Supersys-

tem level, could be extremely effective.

Also, when we talk about system exploitation we really mean a set of actions,

one after another. This is a process. Moreover, if we take a look at the list of

components involved in this process, we will note that these are components of the

Supersystem, not the system itself.

For example, if we take the manual for a dishwashing machine, we will read a

description of the process, e.g., as follows:

1. After loading the dishwasher and adding detergent, select the desired cycle and options

by pressing the buttons. The indicator lights for the selected cycle and options will light

up. To cancel an option, press the button again.

2. To start a cycle, close the door until it latches, then press the START/Cancel button

once. After a pause, the filling will begin. The display countdown will flash until START/

Cancel is pressed.

Etc.

So, exploitation is a process and if we need to analyze the system at the

exploitation stage of its life cycle, then we need to apply Function Analysis for

Technological Processes which is more complicated than the Function Analysis for

Products. It utilizes different rules and ranking of functions.

This is a typical TRIZ situation—we have the engineering contradiction: IF we

use Function Analysis for Products to analyze the system at the exploitation stage,

THEN it is easy to implement, BUT the function model is not informative enough.
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And vice versa: IF we use Function Analysis for Processes to analyze the system at

the exploitation stage, THEN the function model describes the system precisely and

highlights all its functional disadvantages, BUT it is difficult to implement since it

requires knowledge of more advanced rules and ranking systems to formulate

functions.

Fortunately, TRIZ was developed to resolve contradictions. One possible reso-

lution for the contradiction mentioned above is to apply the Advanced Function

Approach in order to analyze the system at the exploitation stage.

As was described in the previous section, AFA is based on the assumption that

the spatiotemporal parameters “time of performing a function” and “place of

performing a function” are the most universal when characterizing any action. In

fact, any action takes place within a certain period of time and in a certain space.

Utilization of the spatiotemporal parameters can enhance such a powerful analyt-

ical tool as the Function Analysis for Engineering Systems.

According to recommendations of AFA:

1. Use spatiotemporal parameters when describing an Engineering System func-

tionally: “time of performing a function” and “place/allocation of performing a

function.”

2. Combine features of both types of Function Analysis:

– Function Analysis for Processes gives us a clear understanding of sequence

and duration of functions.

– Function Analysis for Products gives us a structural picture of the analyzed

engineering system—collocations and interaction of components of the sys-

tem and its Supersystem.

3. Introduce a new type of function disadvantages to the Function Analysis tech-

nique. That is, disadvantages which are related to the mismatch of real time and

place of performing the function with the required ones.

A practical example where AFA is used to analyze the engineering system at the

exploitation stage is shown in (Feygenson 2012).

Now let us demonstrate that the Function Analysis of the system at the exploi-

tation stage is an essential part of any project.

Because any Engineering System is designed to perform its functions and these

functions are performed at the exploitation stage, it is very important to analyze this

stage whether or not the scope of the project includes it. A list of typical stages may

include Design, Manufacturing, Transportation, Storage, Exploitation, Mainte-

nance, and Utilization.

Imagine that we are analyzing the system at the manufacturing or even design

stage of its life cycle. It is extremely important to forecast what can happen with the

system when the final consumer starts using it. It is also important to forecast what

will happen with the Supersystem in which the system will exist. One of the best

known examples of when a wrong forecast was made is when Bill Gates said just a

few years ago that 64 kilobytes of memory is enough for anyone. How much
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memory are we using now in our computers? This is because the Supersystem

developed far more than had been presumed: software, visual applications, etc.

The example above clearly demonstrates how important the development of the

Supersystem is. When we design and develop the system we should understand that

by the time the system reaches the final consumer, the Supersystem can dramati-

cally change.

Now, let’s imagine we are analyzing a system which is at the stage after the

exploitation stage, i.e., maintenance or utilization. It is very important to know the

system’s history: how it was used, with which components it was interacting, what

were the conditions of the Sypersystem, etc. All this information can help us

identify the right strategy for maintenance or utilization. The Function Analysis

of the system at the previous stage, the exploitation stage in this case, will provide

all required information including opportunities for function redistribution and list

of potential resources for the stages that follow the exploitation stage of the

system’s life cycle.
The main point here is as follows: the Function Analysis performed for a system

at the exploitation stage can significantly enhance the efficiency of the analytical

stage of the project even if the specific scope of the project does not include this

stage. Application of the Advanced Function Approach will make the results of the

analysis more focused and informative.

Briefly, the recommendations for Function Analysis of a system at the exploi-

tation stage could be summarized as follows:

• The Function Analysis should be performed at the highest hierarchical level, at

the level of the Supersystem. When the system is at the exploitation stage, it is

very important to take into consideration its interactions with the Supersystem’s
components, including the object of the main function—Target.

• Advanced Function Approach can significantly enhance the efficiency of the

Function Analysis. In fact, if we apply the spatiotemporal parameters “time of

performing a function” and “place of performing a function,” we combine

features of both Function Analysis for products and Analysis for processes.

• It is also recommended to perform a quick Function Analysis of the system at the

exploitation stage, even if we consider any other previous or subsequent stage as

a project scope:

– At a previous stage (manufacturing, transporting, etc.), such analysis will

allow us to predict and take into account all further important interactions

with the Supersystem.

– At a subsequent stage (storage, maintenance, etc.), such analysis will provide

a list of actual resources that are available in the Supersystem.

Recommendations on how to perform the Function Analysis of a system at the

exploitation stage are presented in more detail in (Feygenson 2012).
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5 Approach to Categorizing Functions that Engineering

Systems Perform

As has already been mentioned, Function Analysis is one of the most developed and

formalized analytical tools in Modern TRIZ. That is why it does not require

excessive time and intellectual effort from an experienced researcher to obtain a

thorough understanding of how the system under analysis works and what its

function disadvantages are. However, a complete list of recommendations for

selecting the most appropriate function(s) is still lacking. To date, there have

been several attempts to address this issue (Litvin et al. 2010; Gerasimov and

Litvin 1991; Hirtz et al. 2002; Kynin and Priven 2013), but most of them are

being used only by their developers. Usually, these attempts contain recommenda-

tions that make the Function Analysis procedure more complicated but do not really

enhance its output.

The recent fundamental research published by Yury Fedosov (2013) recom-

mends “the most simple and obvious way of formulizing the procedure for formu-

lating functions” is to choose the appropriate function for the current situation from

“the list of elementary functions.” This empirical study (Fedosov 2013) is based on

the representative statistical data taken from TRIZ consulting projects performed

successfully in different engineering and scientific areas.

Another approach for formulating the functions of the system’s components is

based on the application of detailed algorithms. The first algorithm for formulating

functions was proposed by Gerasimov and Litvin (1991). Recently, Kynin and

Priven (2013) developed an algorithm for selecting the elementary functions from

the matrix 4� 4� 4, which simplifies and standardizes the procedure, thereby

reducing the risk of erroneous formulations.

Hybridization of these two known approaches allows us to propose a novel

approach for performing Function Analysis that is simple enough and not time-

consuming, but still sufficient for describing complex engineering systems and

revealing their function disadvantages.

A hypothetico-deductive method of creating scientific theories is applied. This is

when a whole working theory is built upon assumptions. Basically, this method

organizes knowledge that existed before and extends the range of applications

where that knowledge may be applied.

The novel approach described here is based on the two following statements:

– According to recommendations of AFA, the spatiotemporal parameters should

be used when describing an Engineering System functionally: “time of

performing a function” and “place/allocation of performing a function” in each

specific situation. This leads to increasing the accuracy of the system descrip-

tion. Such detailed description allows us to identify function disadvantages in

the system that are difficult to observe with the classical function approach.

– The original supposition is that the vast majority of functions that engineering

systems perform can be covered by four base types of functions described in
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AFA format. The appropriateness of this supposition is supported by its testing

with concrete empirical data.

Thus, we can formulate the main assumption: When the AFA format of function

description is utilized, the vast majority of actions (the verb-related part of a

function formulation) can be described with the following verbs:

• To move (Note: when AFA format is applied the specification of direction,

speed, distance is taken into account);

• To hold/to stop (Note: the final choice depends upon the initial stage of the

function recipient. For example, “to hold” can be applied if it was a stationary

stage; “to stop” is more appropriate if the object was moving);

• To combine/to join;
• To separate/to divide.

Actions covered by the verbs above are general enough; they can be used for

describing what any material objects (including substances and fields) do. This

approach is illustrated in Fig. 4.

At first glance, the proposed approach may look oversimplified and insufficient

for describing complex engineering systems. However, in our opinion it is sufficient

because special attention is given to the parametric characterization of each func-

tion including its object, subject, and action.

The first version of the “Elementary Functions” Handbook proposed in (Fedosov

2013) has been used to validate the proposed approach. The Handbook is based on a

statistical approach: 32 function models of actual complex engineering systems

from different industries were analyzed. In total, 256 components performing 2132

functions were considered.

In fact, we substituted each function in the Handbook with one of the base/

underlying functions proposed above and parameters of performing this function.

Fig. 4 Four generalized types of functions
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More details of this research can be found in the recent publication (Feygenson

et al. 2014).

Not only is the novel approach described here ready for application in actual

projects, but it can also simplify introducing and explaining the function analysis to

people who are not familiar with this analytical tool.

Basically, we can start with a general undefined description of the system we are

analyzing. This will give us an initial understanding of the problem as seen by the

client (a person or a project team) that owns the problem. Then, we need to create a

function model by reformulating what the client knows using the set of base/

underlying functions. Of course, all of the parameters of each function, including

parameters of its object, subject, and action, should be taken into account.

Since the number of base/underlying functions (actions) is limited by four types

and seven verbs, creating the function model does not take much time. Actually,

creating a function model can be performed together with the client in real-time

facilitation mode. The results of such facilitation can be vitally important for a

complete final understanding of how the system works and what its function

disadvantages are.

In general, the novel approach to categorizing functions is characterized by the

following features:

– Simplified procedure and reduced time of the function analysis without

compromising quality of its results;

– Ease of introducing/explaining the function analysis to people who are not

familiar with this most important analytical tool in Modern TRIZ.

6 Summary

Based on an evolutionary analysis of the effectiveness of applying parameters for

formulating functions, it was assumed that not only the object and the recipient of

the function but also the action (the verb) should be characterized by some

parameters. It was suggested that the spatiotemporal parameters “time of

performing a function” and “place of performing a function” are the most universal

to characterize any action. In fact, any action takes place within a certain period of

time and in a certain space. This approach was given the name “Advanced Function

Approach.”

Several applications of AFA have been developed since it was introduced in

2010. Those applications lead to increasing efficiency of analyzing Engineering

Systems within TRIZ-based innovative projects. They allow TRIZ practitioners to

identify system disadvantages that are hard to reveal using the Classical Function

Approach.

Finally, we introduced a novel approach to categorizing functions that engineer-

ing systems perform. This makes the Function Analysis procedure simpler and, at

the same time, enhances the value of analytical results.
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TRIZ as a Primary Tool for Biomimetics

Julian Vincent

Abstract The interface between biology and technology is well visited but bereft

of theory. TRIZ is well suited to bridging such an interface but similarly lacks

coherent theory, although it can be shown to work. In the absence of theory and

associated numerical models, a semantic model has been developed by means of an

ontology. The differences between the rigidity of theoretical ontology and the

fluidity of biological adaptation and change can be surmounted by the adoption

of the dialectic and the foundation of the TRIZ Contradiction Matrix. Biological

terms, principles and morphologies can be interpolated into the standard Parameters

and Inventive Principles of the Matrix. An example—the Mexican blind cavefish

which escapes predation by moving into a dark environment and relying on senses

other than sight—illustrates the workings of the dialectic and the necessity to

describe the biological adaptation with several Inventive Principles. Thus, the

BioOntology has a feature of OTSM, Altshuller’s partially developed second

generation of TRIZ.

Keywords Ontology • Biological evolution • Biomimetics • Pareto set • TRIZ

matrix

1 Introduction

Any biologist who wishes to study biomimetics has to learn some engineering in

order to understand the gap between the two sciences. Very few engineers have

attempted the reverse journey. One of these few was Professor JE (Jim) Gordon, a

pioneering materials scientist, whose book (Gordon 1976) guided many careers. His

account of biological materials is very practical: in particular, he emphasised the

superiority of the toughness of biological materials. As a result of reading this book,

in collaboration with one of Jim’s research associates (George Jeronimidis), I set up

a pioneering Centre for Biomimetics at the University of Reading. We were often

asked, as consultants, to help solve engineering problems. Our evolved technique
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was for George to define the problem in simple and basic engineering or physics

terms; then I would translate that definition into a biological context; see how

biology might solve the problem (again, in basic terms; often only in energetics)

and translate that solution into an engineering context. George would take that new

concept and develop it into a practical engineering concept. But there had to be a

way to shorten and improve this process. An article in a trade magazine alerted me

to TRIZ.

2 TRIZ Solving Biological Problems

Darrell Mann (University of Bath) allied TRIZ to biology (Mann 1999), and

together we concocted a practical for my zoology class. After a short introduction

to the Contradiction Matrix, the students were given a number of imaginary

problems in zoology that they had to solve using it (Vincent and Mann 2000). For

instance, a tree had developed shiny smooth bark as a defence against caterpillars

feeding on its leaves. The caterpillars were unable to move on to the next leaf for

fear of falling off. How could they survive?

The problem includes grip or adhesion, which resolves into force or strength.

These have to be increased without compromising energy consumption, weight,

durability or mobility. Contradictions identified and investigated by the students

included:

Force vs Use of Energy suggests:

Periodic Action—a mechanism resembling the ribbon teeth of a snail that would

extend the length of the underside of the caterpillar generating a literal caterpillar

track! Each tooth on the ribbon would be in contact with the tree periodically. In

fact, the hooked ends of the caterpillar’s feet, of which there can be five or more

pairs, are very much like this, the track being regenerated each time the legs are

swung forwards.

Another Dimension—give the caterpillar a sticky tongue, like that of a chame-

leon, which it can shoot out to stick on to a leaf then haul itself up. Caterpillars

actually do this in reverse, dangling from the end of a silk line until they collide with

another part of the plant. Alternatively the entire animal could jump from one part

of the plant to another (a common solution amongst adult insects, though not many

caterpillars jump). Admittedly these modes of movement are rather more random

than a designer might like but at the same time probably require much less energy

than a directed mechanism and do not require the sophisticated sensory and ranging

mechanisms which the glue gun tongue would need.

Force vs Convenience of Use suggests:

Self-Service—use a freely available or waste product to perform other helpful

functions. The proverbial stickiness of dung, which the caterpillar produces, could

modify the glass-smooth surface and make it suitably rough again. Alternatively the

caterpillar can lay down a silken trail, using the adhesive properties of the silk. This

is a common mechanism, especially amongst social caterpillars such as the pine

226 J. Vincent



processionary moth that lay down a path from an overnight nest area to the feeding

area on the plant.

Force vs Weight suggests:

Segmentation—similar ideas to the caterpillar track idea above.

Mechanical Vibration—some kind of pulsed gripping action. Perhaps resonance

would allow the development of a higher force without expending too much energy.

No known examples.

Force vs Speed suggests:

Mechanics Substitution—‘replace a mechanical solution with a non-mechanical

solution’—a specific trigger to break out of the ‘grip harder/better’ and think about

the use of adhesion or some form of chemical grip or possibly using some form of

vacuum solution.

Area vs Strength suggests:

Local Quality—suggests keeping the feet the same overall size but to incorpo-

rate lots of small localised protrusions. In fact many adult insects can walk on

glassy surfaces using nothing stronger than van der Waals forces to keep them

there. They have compliant hairs on their feet whose ends can conform to the

surface and provide a surprisingly large area of contact. This has since been

popularised as the Gecko effect. Since the contact area is related to the weight

(volume) of the insect, larger insects would have disproportionately large feet.

The students found the session very interesting. Clearly TRIZ can be popular

with zoologists, but it is rarely presented in a relevant manner. A paper exploring

the TRIZ biology interface rather more formally followed (Vincent and Mann

2002) in which the biological and engineering possibilities were developed further,

including evolution and speciation.

3 Problems in Developing a Bio-TRIZ

In 2000, I moved into the Department of Mechanical Engineering with the remit to

work out how engineers can easily access the design tricks that organisms use. The

obvious tool for this project was TRIZ. Several papers resulted (Vincent et al. 2005,

2006) but although they attracted interest, the work did not properly marry biology

and engineering. Altshuller had already examined this area and showed that in

many instances, an interesting ‘bionic’ effect was recognised only after it had been

shown in physics or engineering (Altshuller 1999). The same is true today—the

hysteria about drag reduction of sharkskin riblets is a case in point. The concept

already existed in engineering (Walsh and Anders 1989), and it was this that

enabled their true nature to be recognised on an organism. Altshuller believed

that mammals and other ‘higher’ animals are too complex for ideas to be easily

extracted and that palaeontology offers the only hope of introducing biological

ideas to his creation (Altshuller 1988). Although he recognised that biological

species represent the patents of nature, he appeared unaware that ‘lower’ animals

and plants often represent simpler, and probably more useful, ways of doing
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functions that ‘higher’ organisms display. For instance, he recognised that elephants

replace teeth as they are worn out but was unaware that molluscs (snails, limpets,

etc.) do exactly the same but with their teeth built on to a ribbon (the radula) that is

continually fed forwards to the mouth as the front teeth wear out.

However, there is a basic problem here to do with the definition and presentation

of a problem. Biology is descriptive, open ended and full of surprises. Engineering

is numerical, closed ended and (ideally) never surprising. The common ground is

that both are explorations of how to solve problems and implement the solution;

give an engineer a problem and she/he will solve it. But what happens if you present

an organism to the investigator? Every organism is a solution to the general

problems of survival, ever improving, ever changing and ever adapting. But there

is a difficulty with the logic: although we might guess at it, we don’t really know

what particular problem the organism is solving. Put simply, the engineer can tell

you the answer to the question ‘What is 6 multiplied by 7?’ but the biologist can’t
produce a unique question to which the answer is ‘42’. There are millions of

questions to which the answer is ‘42’. ‘40 + 2’, ‘39 + 3’, ‘2� 3� (5 + 2)’ and so

on. At this point, we need a biologist who is at home with engineering. Clearly

Altshuller did not have access to such a person.

We can still compare biology and engineering in terms of the ways problems are

solved (Vincent et al. 2006). Collating data from the Internet and from published

papers, we find that whereas technology relies on energy and raw materials for the

solution of problems, biology relies on information and structure. Thus whereas we

are wedded to fossil fuels and increasingly rare minerals, biology produces similar

or better results by embodying ‘smart’ design in hierarchical structures, using wet

composites and cellular structures. Obviously biological materials can’t perform at

the temperatures found in jet engines, but it has evolved ways of dealing with high

temperatures: the bombardier beetle can cope with temperatures of around 100 �C
in the spray it produces, yet the materials from which the beetle is made would be

expected to have degraded at 60 �C (Aneshansley and Eisner 1969). In this case, the

trick is probably a combination of thermodynamics (everything happens very

quickly) and insulation (the bubbles of oxygen which power the spray are produced

around the edge of the reaction vessel and can provide the necessary heat resis-

tance). We also, by reading Altshuller’s original descriptions, in Russian, of his

Inventive Principles, condensed the Matrix into one that we called that we called

Pravila Reshenija Izobretatel’skih Zadach Modernizirovannye (PRIZM) and

presented it in both technological and biological forms (Vincent et al. 2006). This

was our first (and, as it turned out, only) success at building a TRIZ bridge between

biology and engineering. But we failed in our efforts to derive basic rules of

biomimetics. I don’t think this is the fault of TRIZ.
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4 A BioOntology: Better Than Nothing?

It has to be possible to build a bridge between biology and engineering, and TRIZ

has to be the best tool. TRIZ presents techniques which are basically semantic

rather than parametric, and that is the way that ideas are translated from biology into

engineering. Numbers come later in the process. But it is impossible to know where

the good biomimetic ideas will come from. It is therefore necessary to investigate

the whole of biology and translate the processes used by living organisms in their

solution to problems into the categories developed by the TRIZniks. The working

hypothesis is that the design rules inherent in TRIZ are universal and complete. This

is a reasonable starting point, as has been stated many times, but one that should be

open to modification if it becomes necessary. However, a database cannot support

the complexity of connectivity between biological and technical systems. It results

in a cascade of ‘one-to-many’ constructs that become unwieldy. A better method is

an ontology. An ontology can express complex relationships; it does not need to be

redefined every time it needs to be reorganised as does a database; there are many

examples of biological ontologies, particularly in medicine. However, there are

none which bridge disciplines in the way that TRIZ does, and even the few TRIZ

ontologies confine themselves to engineering.

TRIZ begins by recognising technical systems, defined by Savransky (2000) as

‘any artificial object within an infinite diversity of articles [things] regardless of its

nature or degree of complexity’ and technological process, which Savransky

defines as ‘any artificial single action or consequences of procedures to perform

an activity with [the] assistance of a technical system or a natural object’. This
follows a well-trodden path leading back to Aristotle (and probably earlier) who

first outlined these ideas. Analogously the Basic Formal Ontology (BFO) recog-

nises two main categories: continuants (things that are permanent) and occurrents

(events that happen) (Smith 2012). Unfortunately, this formal (essentially theoret-

ical) approach to ontology, which purports to describe biological events and

organisms, does not allow its occurrents or continuants to change (Smith 2012),

rendering it useless in a biological context.

In biology, the class of static things might include types of habitat, lists of

organisms (individuals and, more conveniently, species) that occur there, edaphic

and climatic factors, etc. But it would essentially be a definition of a snapshot.

Nothing moves. Nothing changes. The second class—dynamic processes—would

include physiology and biochemistry.

Biology rarely works like that. Ecosystems develop and regress. Species adapt,

evolve, change and proliferate. Biochemical pathways probably tend to be less

variable, although there are so many that the organism, by upgrading or

downgrading their contribution, can change its overall physiological and

behavioural repertoire. Therefore, especially in biology, not only are things chang-

ing all the time, but it is difficult to draw a distinction between a biological ‘thing’
and a biological process. Both are expressions of adaptation, change and survival

TRIZ as a Primary Tool for Biomimetics 229



within an environment that is frequently hostile (predators, parasites) and is being

exploited by its occupants.

These changes, inherent in biological evolution and associated speciation, can be

compared with, perhaps even described or defined by, the thesis-antithesis-synthe-

sis of dialectic materialism that underpins the TRIZ contradiction matrix. It could

generally be said that organisms do not evolve unless conditions change that are

outside of the control of the individual or the species. Changes may be driven by

climate, predation, disease and so on, not all of which need be detrimental, as when

the climate ‘improves’ or a parasite becomes benign or the organism moves into a

new environment, for whatever reason. Conditions simply change. The problem is

that a process cannot necessarily control its trajectory if it is sufficiently unstable

that it can change. Most biological processes have built-in feedback mechanisms

that allow them to adapt and stabilise. Otherwise the process risks being useless

because it will generate chaotic variation that can undermine the stability needed to

sustain a population of interbreeding individuals. The ideal must be a process that is

responsive to change and can be affected by an external influence which can

provide overall negative or positive feedback. The process is therefore adaptive.

Eventually there will be a cascade of influences, so that ultimately those changes

are a function of random events in the rest of the universe.

In TRIZ the imposed change eliminates the antithesis and thus resolves the

problem. However, in the classical dialectic, thesis and antithesis are interchange-

able. Examination of the TRIZ contradiction matrix shows that this is true for many

of the thesis-antithesis pairs, more so for the more generalised ones from further

down the list of Parameters, since the Inventive Principles suggested for the

synthesis of the dialectic are the same whichever Parameter of the pair has been

identified as ‘good’ or ‘bad’. This realisation is important for dialectic reasoning in

biology, since the dialectic may often be driven by the consequences of not
evolving a better process leading to decreased chances of survival—the selective

advantage of natural selection. The assumption is that any evolutionary change can
be treated as an example of the dialectic (Engels et al. 1964). A TRIZ-based

analysis of biology might therefore be able not only to quantify but also to explain

evolution in a materialist fashion. The problem may also have a hierarchical

dimension. For instance biological altruism makes sense only at the level of a

family group or a population, not at the level of an individual (Hamilton 1964a, b).

So depending on the level of hierarchy, the answer can be different. Experience

with TRIZ and biology, therefore, is that an ontology is far better than a database to

bring biology and technology together, thus generating a tool for biomimetics

(Vincent 2014), and that TRIZ exposes weaknesses in the current ontological

approach to biology.
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5 A Working BioOntology

In practical terms, which will be less open to dispute and totally open to modifica-

tion, the textbook versions of the Parameters and Inventive Principles of the

Conflict Matrix need to be expanded in order to make the interface between biology

and technology clearer. I show this in a series of figures illustrating the main factors

in the TRIZ description of an aspect of the behaviour of the Mexican blind cavefish

(Astyanax sp.), which lives in cave pools. In an experiment (Sharma et al. 2009),

these fish were put into dark or lit ponds, together with a related sighted fish the

Mexican tetra (Astyanax mexicanus). Under dark conditions, both sighted and blind
fish follow the walls of the cave, but blind fish swim more nearly parallel to the wall

and swim faster than the sighted fish. By contrast, in the light, the sighted fish don’t
move much for long periods or move slowly around the centre of the tank distant

from the walls. Thus, wall following is a shared, primitive trait used for exploration

in the dark and can compensate for blindness. The blind fish have become better at

following the wall in large part due to better sensing with the lateral line, the fish’s
flow sensor. The blind fish thus have an advantage in the dark and are less likely to

be found by sighted predators. So although they have lost their sight (Parameter 24)

they are safer (Parameter 30) (Fig. 1 a, b). The Inventive Principles are 2, 13, 22 and

23 (Fig. 2, c–f). In the figures I have shown, the current expansion I use for each of

these Parameters and Principles, but only in sufficient detail to illustrate their use in

this particular example. Each is three or four times more complex than shown here

and is continually being modified and enlarged. Note that the left side of each of

these expansions is conventional TRIZ, merging into biology on the right. Effec-

tively this is the transition between biology and technology. Names in camelCase

are also listed in a separate part of the ontology that is devoted to biological matters,

so it is possible by following these leads to find out much more about the relevant

biology. I have found this system to be relatively easy to use, and it makes much

more sense biologically.

Note also that the Inventive Principles listed for this example do not represent

alternative strategies for solving the problem as it would be in the technical use of

the TRIZ contradiction matrix. Taken together, with the expansion of the Principles

to include the biological factors, they describe the changes involved in this method

of avoidance of predation in an integrated manner. In this respect, the description of

the solution is much more akin to Altshuller’s later development of TRIZ—that is,

OTSM. In this approach, he wanted to describe solutions to problems much more

closely but still using fairly general Principles. The increased accuracy comes from

the overlap of several Inventive Principles. This is exactly what is necessary to

describe the complex and integrated changes that biological organisms adopt when

they undergo evolutionary change. However, it is necessary to refine the definition

of the problem in a more accurate way; the most obvious is to increase the number

of Parameters required to describe the problem. In the student class session reported

above, this problem was overcome by considering a number or competing pairs of

Parameters. This raises further issues that require resolution. Does the dialectic
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confine itself to two dimensions (cf. the TRIZ matrix)? When analysing the

research papers I use as my basic data for this ontology, it’s not uncommon to

find that there are several candidates for thesis and antithesis. But those two words

allow for only two Parameters. Can we move into a 3D or 4D contradiction matrix?

There is no reason why not. And if each biological problem demands three or four

Inventive Principles for its description, there will be 40^3 (64,000) or 40^4

(2,560,000) different problem descriptions available, not taking into account the

extra detail that the expansion of each Inventive Principle into the biological zone

provides. TRIZ assumes that the dialectic presents a choice. Biology rejects that

restriction in many instances. For instance, sexual reproduction involves the

intermingling of products from two individuals, whether from the initial coupling

or the growth of an embryo within the mother, which would normally excite the

immune system. So for the purposes of reproduction the immune system of the

female is partially deactivated, which leaves her more susceptible to disease. It’s a
necessary gamble. So reproduction and immunity emerge as physiologically

incompatible and represent a dialectic pair. They are equally maintained, and the

Fig. 1 (a, b) The Parameters describing the worsening (top, a) and improving (bottom, b) features
of the problem of adaptation of the blind Mexican cavefish (16). The basic information about the

Parameters was taken from Savransky (10), but all the biological references were generated during

the creation of the BioOntology
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Fig. 2 (c–f) The Inventive Principles which the blind Mexican cavefish implements in order to

escape from predators, thus resolving the problem posed in Fig. 1 a, b. This also shows how the

lateral line organ is tied in with IP23 through its part in a feedback mechanism and is a biological

part (a sense organ)

TRIZ as a Primary Tool for Biomimetics 233



organism merely changes the balance between the two. There are many other

examples of such a balanced system, in both animals and plants (McNamara

et al. 2013). The analytical model required is provided by the Pareto front, which

defines a range of outcomes depending on the balance between the dialectic pair.

6 Envoi

This brief overview of trying to integrate biology and engineering tells a story of

experiment and phenomenology; the accumulation of information is indicative of

the early stages of an area of study. There is no guarantee that TRIZ can be the main

tool for integration, although the philosophical underpinning of TRIZ is compel-

ling. The answer will come when we find a system that works.
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Using TRIZ in the Social Sciences:

Possibilities and Limitations

Joris Schut

Abstract TRIZ has gained an increasing presence in the engineering sciences in

the last decades. However, due to its technical roots, its use in the social sciences is

still very limited. Looking at three key areas of TRIZ, its philosophy, problem

structuring tools, and idea generation tools, suggestions will be made how these

areas could be adopted in social science in order to facilitate wider adoption of this

method.

Keywords Social science • TRIZ

1 Introduction

Originating in electrical engineering, TRIZ has gained an increasing presence in the

engineering sciences in the last decades. However, its use in the social sciences is

still very limited. Given its potential to develop innovative solutions, a wider

application of TRIZ outside engineering could help in solving complex social

problems. This chapter will explore the possibility of using TRIZ to solve problems

researchers, policy makers, and professionals face in the social sciences. This will

be done by looking at three key areas of TRIZ: its philosophy, problem structuring

tools, and idea generation tools. For these three areas, suggestions will be made how

these could be adopted in social science.

2 Areas of Consideration

Due to its roots in the field of (electrical) engineering, using TRIZ in the social

sciences is potentially difficult. Although it is believed the TRIZ philosophy is not

limited to the technical sciences (Kaplan 1996), only few examples of this can be

found. Examples in music, military strategy (Zlotin and Zusman 2006), the service
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industry [e.g., see Lin and Su (2006) or Zhang et al. (2005)], and the teaching of

creativity (Fan 2010) show TRIZ can be applied in nonengineering environments.

However, these examples only show TRIZ can be used in these situations but do

not provide guidelines to do so. This leaves practitioners in non-technical domains

without guidelines to adopt this methodology. In addressing the question of how to

adopt TRIZ in social sciences, a distinction can be made between three different

components of TRIZ:

• The philosophy behind TRIZ (e.g., ideality)

• Tools related to problem structuring (e.g., Root Conflict Analysis, ARIZ, and

ranking methods)

• Tools related to problem-solving (e.g., inventive standards and principles)

These three components of TRIZ will be explored in order to see if, and to what

extent, TRIZ can be adopted in the social sciences.

3 Considerations Regarding the Philosophy Behind TRIZ

With regard to the philosophy behind TRIZ, the desire to find ideal solutions [that is

solutions that have all the positives, none of the negatives, and achieve all the

objectives (Mishra 2007)] is something that is also strived for in social sciences

(Rubington and Weinberg 2011). An example of this aim for ideality in educational

science is appreciative inquiry. The dream phase of this methodology lets users

project an ideal situation to solve a problem. In the next steps of this method this

ideal solution is transformed into an action plan to achieve this solution. A similar

approach is taken in TRIZ which also aims to get as close as possible to a predefined

ideal solution. Thus, the aims (reaching an ideal situation) are similar. However,

appreciative inquiry focuses more on the progress toward ideality and TRIZ more

on the development of (ideal) solutions. A second common point between TRIZ

and social science methodologies is the acknowledgement solutions are perspective

dependent. What might be ideal for one stakeholder, might be unacceptable to other

stakeholders. This is acknowledged by both social sciences (Rubington and Wein-

berg 2011) and TRIZ (Mishra 2007).

As the goals behind social science and TRIZ are strongly similar, the use of

TRIZ can be considered applicable for social problems from the perspective of the

philosophy behind TRIZ.

4 Considerations Regarding Problem Structuring Tools

With regard to the tools that structure problems, the unraveling of complex social

problems using the same principles as used in the engineering sciences can be

questioned. In particular the possibility of expressing problems using only “IF” and
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“AND” relationships in Root Conflict Analysis is questionable when working with

interconnected social problems. “AND” relationships are most notable here, as they

imply that solving one problem can lead to other (unsolved) problems becoming

obsolete. However, the complexity of social problems is often targeted by a

coordinated approach to solve all problems instead of just one. This would limit

researchers and practitioners in the social sciences to only use “IF” relationships

(where all underlying causes need to be solved instead of just one), instead of a

combination of both (“IF” and “AND”) types of relation. However, as problems are

also dependent on each other, removing the “AND” relation might lead to situations

that do not relate to the real situation. As there are only few examples of Root

Conflict Analysis in the social sciences (e.g., see Schut, in press), more research is

needed to understand better the use of “IF” and “AND” relationships in Root

Conflict Analysis in the social sciences.

A second issue with Root Conflict Analysis is the causality it assumes between

two connected elements. Although this is not a problem when it comes to the

technical sciences, social science is much more cautious in the face of causality

(Cliff 1983). Given that social sciences operate in systems that are not stable and

continuously change (as opposed to controllable systems in the natural sciences),

this is not surprising. Therefore, it should be noted that a method (such as Root

Conflict Analysis) which implies causality will possibly not generate the most valid

results when applied in social science. Although this does not mean the method is

not useful in a social setting, it strongly implies the method has to be modified.

These modifications will make the method more useful when used in the social

sciences. A possible modification could be the use of correlations between two

factors instead of a causal one. However, this has its limitations as well. Therefore,

more research in this domain is needed as well.

5 Solution Generating Considerations

With regard to the tools that generate solutions, some limitations exist when using

them in the social science. A good example of this is classes 2–4 of the inventive

standards which are devoted to solutions requiring electromagnetic fields. As most

of the classes of the inventive standards and principles were derived through patent

research, these methods are primarily aimed at applications in a technical context

instead of in the social sciences. However, adaptations were made to the original

tools to fit business and organizational contexts by Zlotin and Zusman (1993a, b),

and adaptations were successfully applied in both organizations and politics (Faer

1998). An example of this is: “To hit the competitor while not touching him”

(positive effect, hitting the competitor; negative effect, not touching them) or “The

absence of the enemy is a step toward defeat” (positive effect, absence of enemy;

negative effect, defeat). When translated to a practical solution, this can become the

following: finding someone who speaks negatively about the candidate who is not

affiliated to your campaign (e.g., a disgruntled employee) or deciding not to take
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part in a public event (e.g., a specific election debate) and thus placing your

competitor at a disadvantage. Also adaptations of the principles exist for journal-

ism, marketing (Vikentiev 1992), and teaching TRIZ to individuals outside the

engineering sciences [e.g., Fox (2008)]. Even though this illustrates that it is

possible to “translate” the ideas from the technical sciences to other contexts, it

also points out that there is a necessity to do so in order to generate the right

solutions.

6 Conclusion

Based on the examples presented here, it can be concluded that, although it is

possible to use TRIZ in the social sciences, some limitations exist that need to be

addressed to allow a better use: ideality and the perspective it assumes can present a

problem while dealing with many stakeholders, assuming that social problems use

the same underlying principles as engineering is only partly true, and the highly

technical solutions are not always applicable to social problems. However, with

some modifications, these problems could possibly be resolved and would allow for

a wider use of TRIZ.
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Linking TRIZ and Cross-Industry

Innovation: Evidence from Practice

How TRIZ in the Context of Cross-Industry Innovation

Can Turbocharge the Innovation Process

Peter Meckler

Abstract An innovation department of a medium-sized company without own

research capacity needs to have ‘their finger on the pulse of times’, that is, to
watch closely the specific fields of interest and to secure as early as possible the

application of basic technologies by cooperating with external partners. One

approach is to use some established creativity methods, which very often ends up

in many ideas, which then are stored and never are regarded again. To overcome

this stumbling block in the innovation process, a combination of TRIZ with open

innovation is proposed. An evidence from practice is described by five selected

examples, which have been quite successful. Even if these successes may not

always be regarded as disruptive innovations, they show how quickly solutions

without technical or physical contradictions can be achieved by combining internal

and external sources.

Keywords TRIZ • Cross industry • Creativity • Examples from practice • Internal

sources • External sources • Disruptive innovation

1 Introduction

Professor Ernst P€oppel from the Munich Institute of Medical Psychology (IMT)

says, ‘Anyone who wants to be creative has to outsmart his brain’ (P€oppel 2005). In
the course of time, many scientists racked their brains on how to optimally use the

creative potential available in any individual. Whatever method we may use, we

always depend on the support of other people. ‘The best way to overcome one’s
personal limits is to join forces: Teams are more creative than individuals. In

retrospect many good ideas seem to have been the accidental result of a sudden
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flash of wit of a single genius. In reality, however, they are the result of hard team

work, even in the case of professional creative workers’ (Schmalholz 2005).

When G. Altschuller and R. Shapiro developed the method TRIZ (‘теория
решения изобретательских задач’¼ ‘Teoria reshenija izobretatjelskich

zadacz’, approximately meaning ‘Theory of inventive problem-solving’) in the

1950s (Altschuller 2004), they thought at first of the systematics of technical

apparatus and then deducted principles for inventing from more than 40,000

patents. They assumed that all major technical inventions were based on a few

universally valid inventive principles which would allow solving physical and

technical problems. The 40 inventive principles they found were confirmed over

the years by other investigations.

The following essay does not so much deal with the TRIZ method as such, but

will show by means of examples that this method may lead to amazingly innovative

results in solution finding for technical problems in a very heterogeneous team and

in a relatively short period of time.

2 Innovation by Gyro Gearloose Is Outdated

Inventing like Walt Disney’s classic eccentric genius Gyro Gearloose did it, sitting
alone in a laboratory, only surrounded by experimental setups and the neurons

sending signals in his brain, is not the method any more for innovative companies

today to be successful on a quick changing global marketplace. We need the

inspiration of other people working on different disciplines. Only ‘. . .when you

step into an intersection of fields, disciplines, or cultures, you can combine existing

concepts into a large number of extraordinary new ideas’ (Johansson 2006).

Meanwhile the disproportional growth rates in any technology field sometimes

require not only cooperation with partners and research institutes but also with

direct and indirect competitors—‘coompetition’.

Product life cycles, especially of high-tech products, were clearly reduced in the past years,

and that means, less and less time remains to compensate the high innovation expenses by a

sales success. For this reason, companies are encouraged in their own interest to better use

existent know-how and ideas. The ‘soft’ factors of the innovation process like a good

(knowledge) management and cooperation with external research institutes or suppliers for

the purpose of transferring knowledge are receiving more and more emphasis (Institut der

deutschen Wirtschaft K€oln 2006).

This knowledge is not fundamentally new. Today, everybody knows in principle

that innovation cycles are getting shorter and shorter. Starting from 1887, we have

been content with ‘scratchy’music from a record player for almost 100 years. From

1948 on, 20 songs had space on a disc of a diameter of 30 cm. In 1981, the compact

disc (CD), which could store approx. 20 audio tracks on a 12 cm disc, was even

being celebrated as something of a revolution. But less than 20 years later, the DVD

was launched on the market—no difference in size, but with a multiple storage

capacity for music and movies. Since 1998 memory sticks, a medium without
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moveable mechanical part, have become available. Today, 256 gigabytes are

hidden on a Micro-SD card, the size of a shirt button. A ‘Blu-ray Disc’with gigantic
400 gigabytes corresponding to a capacity of more than 90,000 MP3 music tracks is

on the market since 2003.

While the CD could still be considered as a linear advanced development of the

disc record, the memory cards and the new ‘Super DVDs’ are surely the innovation
leap every technology freak dreams of.

Of course, many hundred scientists worldwide are always researching and

developing such basic technologies in parallel. Nowadays, the results are immedi-

ately available via the Internet after publication for virtually every interested

person. The use, however, has something to do with laws and patents and can

only be realised successfully with a certain sense of the ‘right things’, a certain

cleverness and the necessary analytic expertise. An innovation department of a

medium-sized company without own research capacity therefore first needs to have

‘their finger on the pulse of times’, that is, to watch closely the specific fields of

interest and to secure as early as possible the application of basic technologies by

cooperating with external partners. In general, this is called ‘technology scouting’.
Such research results of innovative technologies are then used by innovation

departments to develop close-to-application prototypes, which are eventually

finalised by R&D to products ready for production. This applies, of course, also

to the innovative renewal of partial functions within an existing product in order to

secure competitive advantages.

People like to call the staff of an innovation and technology department ‘creative
freaks’, ‘creative crackpots’ or something similar. To a certain extent, they quite

like these references and are even proud of being part of the department. However,

to bask in the illusion that one is allowed to develop crazy ideas which may at some

point result in a product is not enough in itself. Ideas have to be purposefully

checked, protected and converted into working prototypes. Only then will the

‘Skunk Works’, as they are called at Lockheed (Rich and Janos 1994), obtain the

company’s internal necessary attention and acceptance, which are required to be

efficiently innovative.

‘All in all, German enterprises manage relatively well to get development ideas

protected by patents. . . However, to achieve competitive advantages in the

globalising competition, market-related patents and inventions also have to result

in new products’ (Institut der deutschen Wirtschaft K€oln 2006). To secure this is

one of the first tasks of an innovation department. For this purpose, however,

processes and interfaces, especially between innovation department and product

development, have to be defined in a way that handing the prototypes over to

product development process takes place without any problems. Then, extraordi-

nary ideas may result in extraordinary products which will be perfected by devel-

opment teams during a linear development process. A development process from

the idea to the final product is quasi-established. As in evolution, not all experi-

ments lead to a perfect result, but elimination of failed experiments and further use

of the positive interim results will create products which can occupy a singular

market position.
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3 TRIZ in the Context of Creativity Methods

At the beginning of every innovation, there is an idea. Every person knows places

where he or she thinks to develop ideas best. ‘Humans are linked to places by

nature. For unfolding our potential we need safety and we feel safe when we feel at

home in a place’ (P€oppel 2005). This place can be the office, the balcony at home or

the forest. But only in a team will the creativity slumbering within ourselves be

loaded up so that it starts sparkling. Various methods were developed for this

purpose. In his book James M. Higgins describes 100 methods of creativity and

TRIZ (Higgins 2006), because TRIZ is not an actual method of creativity, but a

system of purposefully using existing technical knowledge.1 A clearly defined

problem is at first transferred to an abstract level, and there solutions are sought

by means of exactly such abstract innovation principles (in fact modern TRIZ is

much deeper and wider than 40 inventive principles, but this basic aspect is the one

we concentrated on). This very structured approach clearly differentiates TRIZ

from all other described methods. A possible classification is shown in Fig. 1.

The methods shown in Fig. 1 are used during the various stages of the develop-

ment process so as to fill the ‘innovation funnel’ (see, e.g. Brem 2007) with ideas or

to generate concrete solutions related to the selected ideas. In this context TRIZ has

to be considered a method for solution finding with technical challenges rather than

a pure ‘generator of ideas’. Nevertheless, TRIZ can be used all through the entire

development process as a ‘remover of mental blocks’ and as a ‘generator of

solutions’ (Savransky 2000). ‘The time of individual innovation technologies can

be assigned to the phases of the innovation process during which they are mostly

used’ (Koltze and Souchov 2011, pp. 3–5).

Some selected creativity techniques for generating ideas will be briefly

presented in the following (see, e.g. Higgins 2006):

6-3-5 Six (6) participants collect 3 ideas each and get 5min for each round. This

method allows generating very many ideas in a very short time, although only a

small fraction of them will be suitable for closer consideration.

Converse Question Often, there are mental blocks on the direct way to the target.

Therefore, it might help to use the backdoor and do some brainstorming by putting

the question the other way round. In the next step we look for the opposite.

WackPack If you want to go for something different—a pack of cards might give

you suggestions for taking another point of view regarding the question or the

solution. Like many other methods, this method also works with associations to

create analogies for finding a solution.

Lotus Petal Brainstorming Around a blossom centre (the question/problem), the

ideas for a solution are drawn as petals. The best idea will then be the starting point

of another round of finding ideas.

1 Position of the author.
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This method is very popular in Japan.

Ten Faces We try to look at the problem from various points of view by adopting

one of the ten typical innovator roles described by Tom Kelly. He distinguishes

three categories: learning, organising and building roles (Kelley and Littman 2005).

Solution competitions at first are internal measures to obtain more solution

approaches from different design engineers in the same time, and they are mostly

used in the conception phase of the design process. However, solution competitions

can also be carried out ‘openly’ and can then be assigned to the ‘open innovation’.
They can then be found on the left side of the method matrix in Fig. 1.

Building networks is a major aspect to build up an R&D department as a

growing organisation which does not only ‘stew in its own juice’ but which

searches flexibly and swiftly after technologies not only in its inherent sector but

also in neighbouring sectors. The use of TRIZ has turned out to be an excellent tool

in this zone between ‘open’ and ‘closed innovation’ to find technical alternatives

to solutions moving in the same old groove, even if group activity and exercises

itself are not the subject of TRIZ.

Fig. 1 Overview of methods. (1) Creativity techniques, (2) solution competitions, (3) networks

(TRIZ), (4) technical alternatives (TRIZ), (5) lead user method, (6) internal crowdsourcing (see

Sell and Meckler 2011)

Linking TRIZ and Cross-Industry Innovation: Evidence from Practice 247



A major step in any product development is the selection of ideas after collec-

tion, e.g. with creativity methods. One way to find the right products for the right

markets is the use of the Lead User Method developed by Eric von Hippel (von
Hippel 1988). It is based on the empirical knowledge that innovations often are not

initiated by manufacturers, but that users often are the driving power behind

innovations. It has shown that the innovative activities are not spread haphazardly,

but they concentrate on a certain group of particularly progressive users (LEAD

users). It is the clear goal of the LEAD user method to involve these pioneers at a

very early stage into concrete innovation projects of firms. Already in the pilot

study stage of a product design project, the LEAD user method looks at additionally

suitable approaches from analogue, i.e. from sectors of the same nature. The

systematic development of innovation for tomorrow’s markets and minimising

the failure risk at the same time has top priority.

Free and easy discussions in casual surroundings can help to make withdrawn or

shy design engineers communicate with their colleagues so that the company itself

is able to ‘tap’ the wealth of creative potential existing in the company. This can be

in the shape of an ‘innovation breakfast’ in the canteen or during an ‘innovation
meeting’ with outdoor activities to shed off the daily routine (Figs. 2 and 3). This

can also be called internal crowdsourcing, while building up inhomogeneous

teams with participants of different departments of an organisation, e.g. R&D,

finance, purchasing, sales and quality.

Fig. 2 Unusual team building exercises such as roping down from a rock can help to get rid of

obstructive ballast of mind as body and mind will be completely absorbed by the task

248 P. Meckler



3.1 How TRIZ and Cross-Industry Innovation Can
Turbocharge the Innovation Process

‘80 percent of all innovations are a re-combination of existing knowledge. [. . .] This
means an innovation will mainly be generated when existing knowledge about

markets, products, technologies, application principles or business models can be

combined anew’ (Enkel 2014). Opening up the innovation process towards the outside
is a tendency no longer ignored by many major companies. ‘The cross-innovation

approach fits into the new “open innovation” principle which makes innovation a job

of many players who can also come from outside the company’ (Steinle 2010).
20,000 academic treatises are published globally each workday (nibis). Global

increase of knowledge is snowballing and can no longer be handled by the indi-

vidual. Using our ‘swarm intelligence’ will be a necessary precondition for devel-

oping successful and market-driven products.

So what could be more appropriate than combining the more inward-looking

ability of TRIZ with an open method such as ‘cross-industry’? According to

(Enkel 2014), TRIZ helps with abstracting a problem and cross-industry helps

with finding analogies, but they only look at a very narrow search field so that

solutions may be lost. This may be right but is not so important when it comes to

finding quick and consistent solutions. In addition the ‘not-invented-here syn-

drome’ will not fall onto any fertile ground in heterogeneous groups made up

from different industries and different companies, and the internal competition

Fig. 3 Creativity workshops should take place outside of the usual office surroundings, e.g. in a

cave, drinking mulled wine that might light up the mind
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will temporarily be skipped. Open innovation events will obviously push an

innovative culture which is of major importance for the success of an innovation.

‘Equally important for the success is a company culture which supports innovations

and welcomes alterations. The will to work with colleagues and external partners in

an interdisciplinary team will then quickly bear fruit’ (Elmer 2013).

At the Chair of Industrial Management of the Friedrich-Alexander University
Erlangen-N€urnberg (FAU), an innovation society called quer.kraft—der
Innovationsverein was founded by Alexander Brem (see 2007) in 2008, which

particularly deals with networking and the exchange in best-practice meetings

about the topic of ‘management of ideas and innovations’ between companies in

Southern Germany. During a best-practice meeting and more on a whim, one had

the idea to establish a research group TRIZ. While it started up sluggishly with only

three companies in the beginning, the group developed rapidly, based on quick

successes, and became a ‘self-runner’. Today, we have a growing number of

approximately 15 participating companies, and we already had 10 successful

TRIZ workshops about a wide range of topics.

It is exactly the heterogeneous composition of the group that yields results even

amazing for the experts in the involved companies. The hosting company brings

along a problem which is then presented to the team. In a one-day workshop, the

problem is tackled with the typical TRIZ tools. These include:

• Ideality/ideal final result (IFR)

• Ideal machine

• Resource analysis

• 40 inventive principles

• Contradiction analysis

• Technical contradiction

• Physical contradiction

• Substance-field analysis

• Root conflict analysis (RCA)

• Small dwarfs

We do not want to describe the methods here; for details, please see the relevant

technical literature. A detailed description of the TRIZ tools with examples can be

found in, e.g. Koltze and Souchov (2011). A lot of information and material for

downloading are available on the website of Robert Adunka, where the 40 inventive
principles are illustrated with very fine examples (http://www.triz-consulting.de/

hilfsmittel/). The matrix established by Darrel Mann (Mann 2009) has turned out to

be basically indispensable for running a workshop if you want to resolve contra-

dictions with the 40 inventive principles.

Some practical examples which were successfully treated in the TRIZ study

group of quer.kraft—the innovation society will be briefly described in the follow-

ing. My readers may forgive me that I cannot give a more detailed presentation for

reasons of confidentiality. There is a gentlemen’s agreement in place in the study

group that all rights of the solutions found will stay with the company who posed

the problem. This has been working out fine so far, not least because only
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non-competing companies from different industries take part. The product spec-

trum could not be more versatile and includes ignition plugs, engine pistons, cable

harnesses, ball bearings, circuit breakers, roof windows, metres and precision

motors. But it is exactly the ‘non-experts’ with a deep technical knowledge who

are the ‘turbochargers for disruptive innovations’.

Example 1: Mechanical Water Flowmeter Water condensation causes problems

when trying to read out a mechanical water flowmeter or even makes it impossible.

A particular challenge is that a comprehensive technical standard is in place on this

score which must not be violated (avoiding a patent). Several solution approaches

were established which had not been known yet and which are now implemented in

the product. Feedback: ‘Success story! Many thanks to the TRIZ workshop team’
(Fig. 4).

Fig. 4 Mechanical water

flowmeter (photo: Diehl

Metering GmbH)
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Example 2: High Current Connection The high packing density on printed

circuit boards, particularly for applications in the automotive industry, brings

forward extreme requirements regarding the electronic components, but also

regarding the design and connection technology, when the required currents are

in a range of 50–300 A and the max. ambient temperature can be +85 �C. Contra-
dictions between contacting high currents on pcbs, good heat dissipation and a flat

design had to be solved.

14 innovative solution approaches were created, two of them led to patent

applications (Fig. 5).

Example 3: No-Tool Handle Mounting with Safeguard on Roof Window Roof

lights are supplied with dismounted handle to improve stackability and to avoid

damages in transit and during unpacking on the construction site. Assembly should

therefore be intuitive (poka-yoke), without tools (‘plug-and-play’) and protected

against sliding out again (safeguard). A total of 34 individual ideas were generated

with technical and physical contradictions and the dwarf method.

Fig. 5 Printed circuit board with high current connection (left, pcb; right, heat image at rated

current) (Source: E-T-A GmbH, Altdorf)
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An implementation on an existing product is not planned, but the ideas will be

stored for new developments and product enhancements (Fig. 6).

Example 4: Exact Positioning from a Standing Start—‘Stick-Slip
Phenomenon’ When starting up from a standing start, drives/gearings in machine

tools or robotics tend to have a poorly controllable behaviour (motor start-up/

‘jerking moment’, stiffness, back lash, stick-slip phenomenon).

The group looked for an improved system allowing immediate sufficient control,

predictability and thus exact positioning, if possible from a standing start. The

problem analysis led to physical and technical contradictions which were solved by

also using the 40 inventive TRIZ principles. The result of using this and other TRIZ

tools were 111 (!) individual ideas. A patent application is considered (Fig. 7).

4 Outlook/Perspective

The ideas obtained by means of the line of action described above do by no means

already represent an innovation. There is still a long way to go in the companies for

the R&D departments. The dilemma of the innovator that well-established compa-

nies often refrain from investing in risky technologies, which might even be meant

for markets not yet existing, is not solved with a disruptive solution (Christensen

et al. 2011).

Fig. 6 Roof window with handle (Source: ROTO Dach- und Solartechnologie GmbH, Bad

Mergentheim)
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The term ‘innovation’ is often used for reasons of market policy in order to

emphasise the competitiveness of a company. Users mainly rely on the psycholog-

ical effect of the word coming from the Latin verb innovare which means renew.

Often innovation is only considered under the aspects of technology and products.

Today’s entrepreneurial view recommends an overall method of approach. The

British journal The Economist wrote: ‘Innovation is now recognized as the single

most important ingredient in any modern economy’ (Kelley and Littman 2005).

The definition supplied by J.A. Schumpeter (1997) is still considered a land-

mark, although it stems from 1911. Schumpeter basically distinguishes between

innovations and inventions. For Schumpeter the latter is the implementation of a

new idea up to the prototype status, while innovation also includes the introduction

into the market. In other words: the invention only becomes an innovation with

successful marketing. In this context an idea can concern a new product, a new

production method, a new market area, a new source of supply or a new

organisational structure. In practice it is often a combination of several alterations

leading to the intended success. It should be mentioned in this context that modern

TRIZ offers also special instruments for marketing analysis, including penetration.

The readiness to leave well-trodden paths is one of the basic requirements. ‘The
central competence to initiate and develop innovation strategies within a company

is for us the readiness to look beyond the boundaries of one’s own products, to look
in the often unnoticed areas outside of one’s own business fields and their inter-

faces’ (Weisshaupt 2006). We have to be capable not to preclude a priori even the

impossible. We have to seek the impossible everywhere, especially in places where

so far we haven’t been searching.

This is best illustrated by ‘the story of a man who loses his key on his way home

at night and who, despite his evident lack of success, restricts his search to the

surroundings of a single street lantern. To the legitimate question of a policeman if

Fig. 7 Engine-gearing unit:

TPM actuator made by

Wittenstein (Source:
Wittenstein AG, Igersheim)
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he were sure to have lost the key in that exact spot, he answered: “No, I lost it back

there, but there it is too dark”’ (Weisshaupt 2006).

Enhancing the predetermined path of the TRIZ methodology and uniting it with

the basic ideas of the cross-industry method have turned to be a turbocharger and

have been the reason for achieving remarkable successes. Even if these successes

may not always be regarded as disruptive innovations, they show how quickly

solutions without technical or physical contradictions can be achieved by combin-

ing the internal and external aspects. The standard output expectation of a workshop

described above is an incremental improvement in existing products, but disruptive

ideas are always welcome!
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TRIZ and Big Systems

Bakhturin Dmitriy

Abstract To date, the practice of TRIZ community has accumulated a lot of

experience with small- and medium-sized businesses, as well as in innovative

projects of different scales. In this paper the specifics of application of TRIZ in

the so-called big systems (primarily meaning big businesses, corporations) are

analyzed. The focus is on the particularities of large systems that affect the practice

of TRIZ, as well as on the problems and gaps in the theoretical basis of TRIZ which

complicate its use in such systems. As a methodological framework, Hegelian triad

known as “target,” “object,” and “means” (which is the minimum set necessary for

meaningful activity) is used (see Hegel “Science of Logic,” Vol. 2 Section 2

“Objectivity” Chapter 3, p.B “The Means,” especially § 1607). Applying to TRIZ

in general, the triad can be interpreted as “development” (target), “technical

system” (object), and“TRIZ” (means).

Keywords TRIZ • TRIZ practice • Big corporations • Large-scale projects •

Development • Evolution • Poly-systems • Man-machine system • Organizational

and technical system • TRIZ elaboration

1 Specificity of TRIZ as a “Means” for Development of Big

Systems

Successful application of TRIZ in companies such as Samsung, POSCO, and

General Electric is well known in the TRIZ community. What do we know about
the functions of TRIZ there? The best known and most frequently discussed is the

experience of Samsung. As we can see from the reports of our colleagues, the

company practices (a) advice to project teams and (b) corporate training at all

levels. GE goes the same way. POSCO has declared a deeper, integrative approach

arguing that TRIZ has become the part of the company’s “ideology,” a part of its

mission statement. And while project TRIZ consulting in big systems is arranged
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virtually the same way as in small and medium businesses, it is general training and

“ideology” which specifically characterize the modus vivendi of TRIZ in big

systems. This seems logical if we take into account that one of the key challenges

for big systems is to reduce the so-called transaction costs, the costs of organizing

communication and interaction between large number of services, branches, and

staff. TRIZ in this sense ensures the function of a general engineering language,

attitudes/approaches, and perceptions, allowing the company to create a basis for

effective development and implementation of “big projects.”

Today a number of “methodologies” compete for the role of being a common

language and a system of concepts in engineering, namely, “systems engineering,”

“Lean-Kaizen,” “Six Sigma and Total Quality Management,” etc. These “compet-

itors” have positive—and very strong—sides, and they are more popular and

widespread than TRIZ; even more, they actually try to absorb TRIZ, treating it as

an internal part. In this regard we often hear judgments like: “But we (TRIZ) are

special. Only we are capable of actually solving the problems whatever methodol-

ogy is chosen; you cannot do without us.” This is very much true, but only at the

level of “project consulting,” small and medium business, and outsourcing. For big

systems at the “top level,” this is not sufficient. Big systems are primarily interested

in an integrated approach that can provide turnkey solutions. At the corporate level,

as a rule, there can be only one “ideology” (“methodology”), and it is difficult,

expensive, and time consuming to change one for another. If you have already

implemented the “Six Sigma” or “Lean-Kaizen,” this approach is going to be

implemented “throughout.” Under such circumstances TRIZ is forced to adapt

the logic and the tools of the “leading” methodology, to “play by its rules,” and

to solve “its” problems. Thus, TRIZ methodology itself is reduced to a tool of the

lowest level, with obvious loss of reputation and limited access to resources for its

own development.

This is one of the challenges for TRIZ deployment in big systems—the ability to

be a common “ideology” of engineering, to serve as a common language and

conceptual “medium,” and to “cover” all areas of engineering problems. In partic-

ular therefore, recurring discussions about the scientific nature of TRIZ are of a

practical nature: “scientific” today means not only and not so much “reproducibil-

ity” and verity of the practical results obtained but also “logic,” depth, and consis-

tency of the theory allowing it to perform the above functions. In big systems these

functions are even more important than the instances of individual “stellar” success

of TRIZ consulting. Undoubtedly, development and competitiveness of the theo-

retical, methodological, and didactic components of TRIZ are the key aspects of its

progress in big systems.
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2 The Specificity of the Goals of Big Systems and TRIZ

Model of Development

“Development,” “growth,” and “progress” are the traditional goals of TRIZ, inter-

nal part of it. It is commonly assumed that the “destiny,” “success,” and “survival”

of companies depend on development. However, this is true only for small and

medium businesses and even so not for all of them but only for “start-ups” and

“technology companies.” For big systems the complete opposite is true. The main

aim of a big system is to “reproduce” itself, to prolong its own existence. Devel-

opment of big systems is subject to reproduction; it is a way to ensure reproduction,

and unless absolutely necessary it is not required. Metaphorically, we can describe a

typical big system by such characteristics of technical systems of the third stage of

evolution (using TRIZ “laws of technical systems evolution”): “limits of develop-

ment are reached,” “large number of small inventions,” “focus on reducing costs

and increasing service functions,” and “in the long term it is necessary to change the

principle of operation.” And though this is just a metaphor, it should be admitted

that, in relative terms, there is little “place for TRIZ” in big systems and that this

topic is rather on the periphery than in the focus of attention.

No doubt, large-scale development is also present in big systems. It is realized

through “big projects”—whether these are projects of modernization, restructuring,

or making innovative products (which according to metaphors of the laws of

technical systems, evolution is the equivalent to the transition from one S curve

to another). As a rule, these are high-tech long-term expensive projects that involve

a large number of participants. They certainly need and provide an opportunity for

application of TRIZ but—and this is important—such projects are relatively few,

and it is necessary to “enter them” at a very early stage, at the very beginning. As

the project unfolds, it accumulates “the inertia of the decisions taken” which then

cannot be broken even by TRIZ. This inertia is typical for all projects, but in big

systems, due to their scale, it is too strong, and often even very effective inventive

solutions proposed at later stages of the project are unable to outweigh it neither

administratively nor economically.

From a theoretical perspective, when discussing the issues of “development,” it

is necessary to clarify the meaning of one of the key tools of TRIZ—“the laws of

development of technical systems.” In the Russian language and in the interpreta-

tion of classical TRIZ, we refer to “the laws of development.” However, given the

current practices and the role of TRIZ to provide real development, it is better to

speak of the laws of evolution of technical systems. Conceptual distinction between

“evolution” and “development” allows us to specify “development” as a certain

function designed to “violate” the laws of evolution, for example, to accelerate the

emergence of certain characteristics and the decline of others (“selection,” if we

adopt the logic of the “evolutionary approach”). The practical meaning of this

distinction is to more clearly and rigidly define the specifics of development when

using TRIZ. We can say that “the evolution of technical systems” is driven by

standard engineering approaches within the standard organizational structures.
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In contrast to “evolution,” “development of technical systems” is ensured by the use

of “nonstandard” approaches, the most advanced of which is TRIZ. Metaphorically

speaking, everyone evolves—only a few develop!

3 The Specifics of a Big System as an Object and Some

Theoretical Issues of TRIZ

It should be admitted that at present, there are no specific TRIZ concepts of big

systems. This can be illustrated by such TRIZ tool as a system operator. Unlike

“simple systems” big systems are never “mono-process” and “mono-target.” It is

impossible to find the “one in charge,” to describe “one past” or “one future,” and to

specify “one super-system” or “one subsystem.” Any person, any object, and any

product are included in a number of processes, programs, spheres of influence, and

supersystems. Referring to Fig. 2, we see that, for example, the central square

(“system in the present”) is a part of different “sets of systems”: SuperSystem1

+ System+SubSystem1, SuperSystem2 + System+SubSystem3, SuperSystem3

+ System+SubSystem1, etc. All these bundles are equivalent (imagine that Super-

System1, 2, and 3 stand for the deputies of director general, e.g., finance, personnel,

and production deputies, system is the factory, SubSystem1 the workers,

SubSystem2 the maintenance, SubSystem3 the accountants). In addition, it should

be noted that for a “simple” System Operator 1 (Fig. 1), its structure and transition

rules are set, while the “complex” System Operator (Fig. 2) does not have such

instrumentality, thus becoming too abstract and poorly suited for practical

application.

In application to big systems, some difficulties also arise from the use of today’s
TRIZ concept of the “technical system.” According to the definition in /2/, “any

technical system is created to perform a set of useful functions, to achieve certain

goals.” Thus, “practicability” and “artificial nature” are features of a technical

system. However, many objects are barely covered by this definition. Take, for

example, the destroyed nuclear reactor at the Fukushima nuclear power plant. This

is definitely a “system” in a certain sense. But does it have a purpose?Was it created

by someone? Obviously, it came under the influence of artificial, technical, and

“natural” factors. One can find more examples of such “models” in the nuclear

industry—abandoned uranium mines, long-term storage, spent nuclear fuel, etc.

The number of such “techno-natural” or “natural-artificial” systems will only

increase, and TRIZ needs to modify the existing concept of “technical system” in

order to ensure its adequacy to objects of practice.

Any big system is always a “big man-machine system” (or, as it is said, a “big

organizational and technical system”). As for this, TRIZ has no models and

appropriate terminology. We still talk about the “iron TRIZ” and “mechanical

TRIZ,” contrasting it to “the application of TRIZ in nontechnical areas.” However,

if the technical system is defined as having a “target” and being “artificial,” then
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advertising and PR, elections, or any human collective undertaking (e.g., a shop-

ping mall) may be considered as a “technical system.” It seems that the resolution of

this conflict is possible through extending the definition of “human” and “social,”

distinguishing it from the “iron” and “mechanical” in different interpretations of the

technical system. For example, in the logic of the “iron/mechanical TRIZ,” a

nuclear power plant operator is a part of the “technical system” and cannot (should

not) be considered as a person with their goals, attitudes, motives, and weakness

(not to mention creativity). The operator is “only” a part of the “technical system,” a

part of the actuator, which has its own specific characteristics (e.g., speed of

reaction). And—opposite to this—in the logic of social values, for example,

even pure “hardware” suddenly gets a new feature and acquires a human dimension

Fig. 1 System Operator 1

Fig. 2 System Operator 2
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(e.g., when we convert a nuclear reactor into a museum like “The world’s first

nuclear power plant” in Obninsk, Russia).

Two schemes developed in the USSR-Russian methodological school [founded

by Ceorgy Schedrovitsky (1929–1994)] (Fig. 3), /1/ can be given as an example, the

“encompassing” and the “encompassed by” systems, where the inner

(encompassed) hemisphere can symbolize human-machine operation and relation,

while the outer (encompassing) hemisphere—the person-to-person relation—for

example, is associated with the transfer of goals from the external system into the

internal one. It must be said that publication /2/ on the “complete technical systems”

suggests the same logic: as we know, the book states that “the majority of technical

systems are not complete” (i.e., they are not purely “iron/mechanical” and always

contain a person in a particular function). It is important to extend the definition of

these human functions so that later, when necessary, it would be possible to clearly

distinguish the “human” and the “machine” components of the inventive situation

in order to implement proper tools. This fact becomes particularly significant for

big systems when, as described above, a specific “mechanical” system is brought

into the focus of responsibility of several different “human” systems.

Other significant difficulties should also be noted. TRIZ model of a technical

system has no distinction between the “source material” and the “product” (as the

result of the technical system altering the material). The existing definitions of

technical system either do not specify the product at all or include it in the “final

item” (in vepol analysis). This leads to difficulties in the analysis of long production

chains and large and complex technological processes which, in fact, are typical of

the production processes in big systems. Clearly, this observation is a technical one

since availability of product and starting material is presupposed, but a number of

tasks associated with, for example, the development of technology would be easier

to discuss and solve if technical system models with dedicated states were avail-

able. Thus, for example, a connection could be made with such developing field as

requirements management, where the requirements of the customer are the initial

Fig. 3 «Double» system
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input giving certain starting and final states, and the actual engineering work is the

work aimed at implementing those requirements.

Finally, TRIZ has no meaningful models of “supersystems” presently. For

“ordinary” technical systems, considered in TRIZ—conveyor, device, product,

etc.—big systems act as meta-systems. But what are the supersystems of the big

systems themselves? Or of the large companies? It would be a mistake to say “the

state,” or “the country,” because these are supersystems of a higher level. Probably

we should be talking about “the industry” which in turn forms part of the

“technosphere.” But TRIZ has no models for such entities; more than that, there

is no understanding of the laws of their development. In fact, besides the article by

Altshuller “About the nature-absent technical world,” TRIZ does not have its own

understanding of the “technical world” and its laws of development. Hence the

question: where do we take these concepts from for our own, TRIZ, practice and

use? The situation with the concepts of social development is even more compli-

cated. How does the society develop? What is the role of technology in this

process? Are the old Marxian suggestions that “wealth is the amount of free

time” and that, accordingly, “technology brings freedom to humanity” correct?

4 Summary and Recommendations for Further Work

• In order to advance at the level of big systems, it is necessary to intensify the

theoretical, primarily methodological, and didactic development of TRIZ and to

ensure coverage of all major classes of engineering problems.

• The primary method and direction for TRIZ to “enter” into big systems is

penetration “from above,” that is, through the upper levels of management,

corporate programs, standards, policies, universities, business schools, and so

on. Movement “from below” is doomed to the fate of the “poor inventor.”

• The distinction between “evolution” and “development” must be clearly deter-

mined and fixed. Among other reasons, this should be done in order to empha-

size the specificity of TRIZ in relation to other methodologies and the “standard

engineering practice.” In addition to theoretical benefits, this step can yield

practical results facilitating interaction with the “regular” structures “engaged

in development” within big systems.

• One of the main directions of development of theoretical and methodological

parts of TRIZ for application in big systems is the development of concepts

(notions) of “system,” “technical system,” “organizational and technical sys-

tem,” and “man-machine system,” as well as harmonizing these concepts with

modern ideas about the development of man, technology, and society as a whole.
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A Glossary of Essential TRIZ Terms

Valeri Souchkov

Abstract As any discipline evolves its body of knowledge, it might introduce and

develop its own terminology to present key concepts and models. Since inception of

TRIZ in the 1950s, a number of terms have been introduced to identify unique TRIZ

notions and entitle tools which emerged on the basis of theoretical findings within

the TRIZ studies. It is also important to note that several widely used terms which

are known outside TRIZ have their own, more narrow, and specific meaning when

used within the context of TRIZ, and it is therefore crucial to know such meanings

to avoid misunderstanding. The chapter presents a collection of most essential

terms which are used in the TRIZ body of knowledge and provides their definitions

as well as comments and examples when necessary.

Keywords TRIZ • TRIZ terms • TRIZ glossary

1 Introduction

Since inception in the middle of the twentieth century, TRIZ (the Theory of

Inventive Problem Solving) has remained a live discipline continuously evolved

by numerous TRIZ developers worldwide. Modern TRIZ is a large body of

knowledge which includes several dimensions: from a theory which attempts to

study, model, and formalize the processes of inventive problem solving and tech-

nology forecast to a set of highly practical tools which use theoretical background

and are designed to support engineers and technology professionals who aim at

performing various innovation tasks.

Such broad development resulted in the emergence of a rather large extensive

TRIZ-specific terminology which has been used within the TRIZ community to

ensure effective communication. Some terms used within TRIZ are not new (e.g.,

such as the term “contradiction” or “function”) but are used within specific context

of systematic innovation and inventive problem solving, and therefore the meaning
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of each of such terms might have a slightly different, a more narrow, and specific

interpretation than commonly known, and it is important to recognize such a

difference.

The glossary of the essential TRIZ terms presented below contains a collection

of such most broadly used terms of the Theory of Inventive Problem Solving. The

terms included were selected from Souchkov (2014) and represent a selection of

key TRIZ concepts and definitions. During the process of developing the glossary, a

number of sources which introduced and discussed these terms were carefully

examined (Altshuller 1998, 1984, 1993; Altshuller et al. 1989; Altshullers’s Foun-
dation 2013; Gorin 1973; Khomenko 2013; Litvin et al. 2013; Litvin and

Lyobomirskiy 2013; Litvin et al. 2007; Matvienko 2013; Korolyov 2013; Petrov

2006, 2003; Petrov et al. 2013; Petrov 2002; Souchkov et al. 1991; Salamatov 1999;

Zlotin et al. 1999; Zlotin and Zusman 2001; Official G.S. Altshuller foundation

2013).

The glossary consists of four parts, each focusing on a broad category:

General TRIZ Terms, which are used independently of their area of application

within modern TRIZ.

Problem Analysis and Solving Terms, which are specific to solving inventive

problems with TRIZ.

Terms related to the TRIZ tools, which are used to title TRIZ problem solving

techniques and their core components.

Terms related to the TRIZ Theory of Technical Systems Evolution, which have a

broader meaning than in the applications limited to the area of inventive problem

solving only.

In each chapter, the terms are presented in alphabetical order.

Each term includes (or might include, depending on a necessity) the following

fields:

Term: either a unique TRIZ term of a commonly used term which is used within

special context in TRIZ.

Abbreviation: a commonly used abbreviation of a term.

Synonyms or alternative translations: In a number of cases, a term might have

several synonyms which are used in the TRIZ-related publications or has several

alternative translations from Russian. Several terms whose alternative translations

are still widely used (e.g., “technical contradiction” and “engineering contradic-

tion”) were included as well.

Definition of a term.

Comment(s) to clarify the use of the term.

Example(s): In some cases examples are provided to better understand the

meaning of a term.

The underlined words and expressions in the glossary mean that their definitions

are available in the glossary.
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2 General TRIZ Terms

Degree of Ideality

It is a dimensionless measure of an inventive solution, or a technical system, or a

process, which identifies the degree of efficiency of the solution, the system, or the

process through qualitative estimation of the ratio between useful functionality

provided by the system/process/solution and a sum of costs to produce, maintain,

and utilize the useful functionality.

Comment: The degree of ideality is primarily used to evaluate if a technical

system/process/solution being analyzed is more ideal than a competing system/

process/solution that provides the same main useful function.

Harmful Machine

Synonym(s): Harmful technical system

It is a model of a technical system which results from the process of extracting

and understanding processes in the system which create negative effects.

Comment: The concept of a harmful machine helps with better understanding

how problems featured by negative or harmful results emerge which simplifies their

further elimination.

Ideal Technical System

It is a technical system that has an infinite value. For example, it may have neither

components nor associated costs but still deliver the intended functionality.

Comment: Similar to the Ideal Final Result, such system may not exist, but its

definition serves as a target to design the technical system with the highest degree of

ideality possible.

Ideal Final Result

Abbreviation: IFR
It is a formulation of a final solution, which delivers the result required without

adding neither extra material nor energy resources nor associated costs.

Comment: As follows from the laws of physics, such a solution may never be

achieved, and therefore the concept of the Ideal Final Result serves to reduce the

degree of psychological inertia during the problem solving process by targeting a

problem solver toward searching for a solution with the best ideality ratio.

Example: IFR for eliminating the heat produced by a microprocessor in a
notebook PC can be formulated as “No heat is produced by the notebook PC
without adding any material or energy resources to the system.”

Ideality

It is a dimensionless measure of an inventive solution which qualitatively identifies

how closely the sum of compensation factors produce, maintain, and utilize the

solution approaches zero value.
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Innovative Task

It is a specific category of problem solving tasks which states that in order for a goal

to be achieved, an inventive solution has to be found and implemented since none of

known solutions may be used for one or another reason.

Examples: (1) To increase performance of a machine by 50%, (2) to cut costs of
a manufacturing process by 20%, (3) to completely eliminate noise produced by the
airplane engine in the airplane’s cabin.

Inventive Problem

It is a situation which requires to perform a certain action either to synthesize a new

technical system to deliver a new function, or to improve the function delivery by

an existing technical system, or to prevent the technical system or its product from

harmful internal or external factors in the situation when all known solution

methods cannot be applied to achieve the result required.

Comment: The same inventive problem can be presented by different inventive

problem models.

Inventive Problem Model

Amodel which only includes those components that are essential for further solving

the problem with a specific TRIZ problem solving tool. In TRIZ, inventive prob-

lems can be modeled as technical, physical, or engineering contradictions, ineffi-

cient or harmful Su-Fields, inefficient or harmful functions, etc. A model that

represents an inventive problem often is used as a part of inventive problem

definition.

Inventive Problem Solving

It is a process which consists of a number of stages to find an inventive solution to

an inventive problem.

Inventive Situation

It is a situation which is featured by a presence of a need to satisfy a specific demand

of a supersystem without either a clearly defined specific problem to solve or a

problem solving direction to be selected.

Inventive Solution

It is a solution to a specific inventive problem which meets all problem-specific

demands and requirements and matches general criteria of an invention.

Level of Invention

It is a dimensionless qualitative measure which evaluates an inventive solution

according to an estimated number of trials necessary to produce such the solution

and the degree of its contribution to the general evolution of technology and

engineering.

Comment: Currently five levels of inventions are known: (1) “Non-inventive

invention” very simple invention that does not produce any significant impact on

the evolution of a technical system; (2) invention that emerges from resolving a

technical contradiction by a method available in the narrow engineering domain

where the invention belongs to; (3) invention that emerges from resolving a
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complex technical contradiction by a method known in the engineering domain

given; (4) invention that emerges from resolving a technical contradiction by a

method available in a different engineering domain; and (5) pioneering invention

that deals with complex inventive situations and which launches a radically new

technology area.

Multiscreen Diagram

Synonym(s): (1) System operator; (2) Multiscreen of talented thinking; (3) Nine

windows; (4) Nine boxes; (5) Nine screens; (6) Multiscreen scheme of talented

thinking.

It is a method of analyzing a technical system which considers properties and

features of the system in their relationships with subsystems and supersystem, as

well as with previous generations of the system, its subsystems and supersystem,

and their projections to the future generations of the system, its supersystem, and

subsystems.

Operational Principle

Synonym(s): (1) Basic principle; (2) Working principle; (3) Principle of operation.

It is an abstract concept presenting how a required function can be obtained on

the basis of a specific scientific effect or a combination of scientific effects and

phenomena.

Comment:Any operational principle can be used to build a multitude of different

designs of technical systems or their components.

Example: A basic principle of thermal expansion can be used in various appli-
cations and domains to expand and contract objects.

Subsystem

It is a component or a set of interacting components limited by specific borders that

belong to a technical system. Both a separate material object and a larger system’s
part combining several components (material objects) can be regarded as a

subsystem.

Example: A driver’s chair, a steering wheel, and an engine are the subsystems of
the technical system “car.”

System, Technical

Synonym(s): (1) Engineering system; (2) Technological system.

It is a number of components (material objects) that were consciously combined

together by establishing specific interactions between the components to deliver

functionality with certain characteristics which are not possible to achieve by the

components independently.

Comment: A technical system is designed, developed, manufactured, and

assigned to perform a controllable main useful function or a number of functions

within a particular context under specific conditions.

Comment: A technical system can include subsystems which can be considered

as separate independent technical systems.
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Supersystem

Synonym(s): (1) Supersystem; (2) A higher system.

It is a system that includes a technical system given as its part (subsystem).

When using a concept of supersystem in problem modeling, a supersystem is

limited to those components which interact or might potentially interact with the

components of a technical system.

Example: A driver, cargo, a road, and an air outside a car are all components of
a supersystem of a system “car.” A bird is a part of a supersystem too since it can
potentially interact with the car.

Systematic Innovation

It is a framework which combines various theories, methods, and tools based on a

systematic approach to support innovative process from the initial situation analysis

toward developing patentable solutions.

Systematic Technology Evolution

It is a hypothesis which states that evolution of majority of technical systems is

governed by the same principles and patterns, irrespectively, an engineering

domain or a technology area. Systematic technology evolution includes models of

technical systems evolution (such as S curve and bell curve of evolution) and a

collection of more specific trends and lines of technical systems evolution.

Theory of Inventive Problem Solving

Abbreviation: TRIZ
Synonym(s): Theory of Solving Inventive Problems

It is a scientific and applied discipline which comprises studying directions of

technical systems evolution and a process of inventive problem solving in order to

develop methods and tools to support innovative improvement of the technical

systems based on a systematic and knowledge-based approach.

Comment: Lately, the TRIZ studies and developments have been extended to

non-technology areas, such as business, social, and other types of artificial systems.

Comment: In the first translations from Russian to English, TRIZ was translated

as TIPS. (2) The abbreviation “TRIZ” is the Russian acronym for the “Theory of

Inventive Problem Solving” (Origin: “Теория Решения Изобретательских
Задач” or “Teorya Reshenya Izobretatelskyh Zadatch”, in Latin characters)

TRIZ Knowledge Base

Synonym(s): TRIZ knowledge bank
It is a database which contains high-level patterns and heuristics supporting

inventive problem solving discovered as a result of research performed in TRIZ.

TRIZ Tool Synonym(s): TRIZ technique

It is a tool (technique) based on a certain modeling approach which describes a

number of procedures to support one or another phase of inventive problem solving

process or TRIZ-based evolution forecast.

Comment: Some TRIZ tools include databases of abstract solution patterns.
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Examples of the TRIZ tools are the contradiction matrix and the system of
40 inventive principles, the system of 76 inventive standards, Algorithm of Inventive
Problem Solving, and catalogues of effects.

3 Problem Modeling and Solving with TRIZ

Conflict, Typical

Synonym(s): (1) Typical contradiction; (2) Standard contradiction.

It is a type of a generic abstract problem model represented by either a technical

or a physical contradiction which is frequently met in the models of diverse

inventive problems and which in most cases can be eliminated by applying the

same method of contradiction elimination despite a technology domain where the

inventive problem belongs.

Example: A very common type of a typical conflict emerges when two objects
must be in a direct contact with each other, but it leads to emergence of a negative
effect.

Contradiction

It is a situation that emerges when two opposite demands have to be met in order to

provide the result required. A contradiction is argued to be a major obstacle to solve

an inventive problem and is used as an abstract inventive problem model in a

number of TRIZ tools.

Comment: Three types of contradictions are known in TRIZ: (1) administrative,

(2) engineering, and (3) physical.

Contradiction, Administrative

It is a description of either a negative (undesired) effect or a necessity to develop

something new in a situation when neither a problem solving method nor a ready to

use solution is available.

Comment: Although an administrative contradiction might not look as a contra-

diction since it misses a conflict between parameters or requirements, it indicates a

conflict between the necessity to achieve the goal desired and available means to do

it. In most cases, a formulation of administrative contradiction is similar to a

formulation of an inventive problem without the use of any specific TRIZ-based

model of an inventive problem.

Example: A car must be made safer without reducing its performance and
increasing production costs, but it is not clear how.

Contradiction, Physical

Synonym(s): (1) Physical conflict; (2) Sharpened contradiction; (3) Contradiction of
properties.

It is a situation that emerges when a certain attribute of a material object

(represented as a substance or a field) must have two different (or opposite) values
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at the same time to provide a result required. An attribute can be a physical

parameter, aggregate state, location, etc.

Examples: (1) Intensity of light emitted by the car’s headlights must be high to
let the driver clearly see distant objects in the dark conditions, and at the same time,
intensity should be low to avoid blinding drivers in the oncoming cars. (2) A blade
of a kitchen knife must be sharp to effectively cut food and at the same time should
be blunt to avoid accidental cutting of a person’s finger.

Contradiction, Technical

Synonym(s): Engineering contradiction

It is a situation which emerges when an attempt to solve an inventive problem by

improving a certain attribute (parameter) of a technical system leads to unaccept-

able degradation of another attribute (parameter) of the same system.

Examples: (1) Improving the strength (one parameter) of the airplane wing leads
to the increased weight (another parameter) of its wing. (2) Increasing the dimen-
sions of a smartphone increases its battery capacity (one parameter) but leads to
the inconvenience of use (another parameter).

Contradiction Elimination

Synonym(s): Conflict elimination
It is a type of a solution to an inventive problem which eliminates influence of

one parameter on another parameter by decoupling the contradicting demands

instead of applying parametric optimization, compromise, or trade-off.

Example: Instead of finding an optimal solution to a problem of how much
energy to use to illuminate the surface of a the road sign at night, the surface of
the road sign is covered with many tiny mirror segments which reflect the light
emitted by the headlights of an approaching car.

Evolution of Su-Field Systems

Synonym(s): Evolution of substance-field systems

It is a hypothesis which states that elementary Su-fields tend to evolve over the

time in order to increase their performance, quality, and other parameters. A group

of problem solving methods structured in accord with the evolution of Su-field

systems is collected and presented in the system of 76 inventive standards.

Field

It is a material object without rest mass that transmits interaction between compo-

nents (subsystems) of a technical system represented as substances.

Comment: It is important to note that definition of a “field” in TRIZ differs from

the definition of a field formally accepted in physics. Various terms presenting

different types of energy exchange can be used. Examples of fields in TRIZ include

the following fields: mechanical, acoustic, thermal, magnetic, electric, and electro-

magnetic. Sometime additional fields like intermolecular, biological, and informa-

tional are added.
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Function

It is the specification of an action performed by a material object (function carrier)

that results in a change or preservation of a value of an attribute of another material

object (object of the function). In TRIZ modeling tools, a function is always

represented as a triad: “a function carrier”-“action”-“object of the function.”

Examples: (1) Flame heats glass; (2) a hammer hits a nail; and (3) a copper wire
transmits electrical current.

Function, Harmful

Synonym(s): Negative function
It is a function performed by a material object (function carrier) that results in

inacceptable change or inacceptable preservation of value of an attribute (param-

eter) or a state of another material object.

Function, Main Useful

Synonym(s): Main function

It is a physical action performed by a technical system which targets a certain

object of its supersystem and that results in a positive (required) change or preser-

vation of a value of a parameter or a state of an object of the function.

Comment: A main useful function has top priority in the technical system’s
functionality and is delivered to realize a purpose for which the technical system

was designed within the context of its supersystem.

Example: Although a coffee machine can be used to heat water only, its main
function is to produce coffee drink.

Function, Useful

Synonym(s): Positive function
It is a physical action performed by an object (function carrier) that results in a

positive (required) change or preservation of a value of a parameter or a state of an

object of the function.

Function Model

It is a model of a technical system resulting from function analysis that identifies

and describes functional relationships between the subsystems of the technical

system as well as between its subsystems and its supersystem.

Comment: Functions representing the functional relationships are characterized

by category (useful, harmful, neutral), quality of functional performance (insuffi-

cient, excessive), cost level (insignificant, acceptable, and unacceptable), and cost

of corresponding components.

Mini-Problem

It is a type of inventive problem formulation which is obtained by imposing the

following constraints on a given inventive situation: everything remains as is

(without any changes) or becomes even simpler, but the required positive effect

is provided or the harmful effect disappears.

Comment: Definition of a mini-problem targets at obtaining a solution required

with as minimal changes in the existing technical system as possible.
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Parameter

Synonym(s): Technical parameter

It is a variable dimensional or dimensionless measurable factor, either specific or

aggregated, that participates in the definition of an attribute of a technical system,

its subsystem, or supersystem and is expressed in terms related to technology

(physical, chemical, etc.).

Comment: Parameters can be physical and non-physical and measured by

absolute or relative values.

Examples: Specific level of conductivity, specific level of viscosity measured in

Pascal seconds.

Parameter, Typical

Synonym(s): Typical engineering parameter
It is an abstract parameter which is often used to either describe functions of

many technical systems (e.g., speed, energy consumption) or used to aggregate a

number of more specific parameters (e.g., “complexity,” “manufacturability”).

Separation of Contradicting Demands

Synonym(s): Separation of conflicting demands

It is a method of solving an inventive problem by satisfying two contradicting

demands in the win-win way through separation of the conflicting demands rather

than by using optimization or trade-off.

Separation Principles

These are principles of contradiction elimination based on the idea to decouple

contradicting demands by their separation.

Comment: Currently, four separation principles are available: (1) separation of

contradicting demands in space, (2) separation of contradicting demands in time,

(3) separation of contradicting demands in part and a whole, and (4) separation of

contradicting demands in condition.

Standard Inventive Problem

It is an inventive problem whose model matches one of the predefined inventive

problem models described in the TRIZ tools (primarily, in the system of 76 inven-

tive standards) as well as in the TRIZ knowledge base and which can be solved

directly with their use.

Substance

It is a type of discrete matter which possesses rest mass. Substance can be in

gaseous, liquid, solid, and plasma states.

Comment: In certain cases and TRIZ tools, the term “substance” can be consid-

ered in a broader sense, for example, a material component or an assembly of

material components can be called “substance” in the inventive standards or

Algorithm of Inventive Problem Solving.

Comment: In substance-field analysis and inventive standards, the use of the

term “substance” is not limited to describing types of materials only. It can be a part

of a technical system of the entire technical system.
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Examples: (1) Water, (2) sand, (3) oxygen, (4) concrete, (5) a cutting tool, and
(6) a brick.

Su-Field

Synonym(s): (1) S-field; (2) Su-Fi; (3) Vepol.
It is a model of a minimal technical system which consists of at least two

components made of substance and a field providing interaction between the

substance components.

Comment: A minimal complete Su-field is presented graphically as a triangle

with symbolic nodes depicting the two substances, the field, and lines between the

nodes depicting interactions between the components.

Comment: Any technical system can be considered either as a single or as a

network of Su-fields. A special type of Su-fields is known as “measurement

Su-field” which might include only one substance component, some property of

which has to be measured or detected.

Example: A Su-field representing a technical system for hitting a nail with a
hammer will include two substances: the hammer, the nail, and one field between
them (a “mechanical” field transferring the energy as a result of impact).

Su-Field Analysis

Synonym(s): (1) Substance-field analysis; (2) S-field analysis; (3) Su-Fi analysis;

(4) Vepol analysis.

It is a method of abstract symbolic modeling of a technical system or a part of the

technical system (sometimes in combination with a part of its supersystem) in terms

of substance components, fields, and physical interactions between them.

Comment: In Substance-field modeling, the use of the term “substance” is not

limited to describing types of materials only. It can be a part of technical system of

the entire technical system.

Su-Field Component

Synonym(s): Su-field element

It is any substance or a field presented as a part of a particular Su-field.

Often, the term “substance component” is replaced with a single word

“substance.”

Su-Field Diagram

It is a graphic presentation of Su-field in shape of triangle with nodes representing

two substances and a field and lines between the nodes representing interactions

between the Su-field components.

Comment: The number of nodes and lines may vary.

Transition to Macro-level

It is a method of solving an inventive problem or directly evolving a technical

system to the next stage of evolution by either (1) increasing a number of compo-

nents or interactions forming the system, (2) using several identical or similar

system instead of a single system, or (3) assigning dual properties to the system.
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Example: A bimetallic plate consists of two metal plates with different coeffi-
cients of thermal expansion.

Transition to Micro-level

A method of solving an inventive problem or evolving a technical system by

replacing an operational principle behind its subsystem with a new principle that

utilizes properties of microscale material objects: fragmented substances, mole-

cules, particles, or physical fields.

Example: Using a laser pointer instead of a wooden stick.

4 TRIZ Tools

Algorithm of Inventive Problem Solving

Abbreviation: ARIZ
Synonym(s): Algorithm of Solving Inventive Problems

It is the central analytical tool of TRIZ (ARIZ is a Russian abbreviation) which

consists of a sequence of logical procedures to analyze a vague or ill-defined initial

problem/situation and transform it into a distinct system conflict which can be

further resolved either independently or with other TRIZ tools.

Comment: Consideration of the system conflict leads to the formulation of a

physical contradiction whose elimination is provided with the help of the separation

principles and by the maximal utilization of the resources of the subject system.

ARIZ is a system of the most fundamental concepts and methods of TRIZ, such as

ideal technical system (ideal system), system conflict, physical contradiction, the

Su-field analysis, the inventive standards, and the laws of technical systems evolu-

tion. The technique includes a number of psychological and systemic operators to

support its procedures.

Comment: ARIZ is the acronym abbreviated from Russian term “Aлгоритм
Решения Изобретательских Задач (Algorithm Reshenya Izobretatelskyh

Zadach)” written in Latin letters. In early translations from Russia, ARIZ was

abbreviated as AIPS or ASIP.

Contradiction Matrix

It is a matrix which provides a systematic access to the most frequently used

inventive principles to resolve a specific type of a technical contradiction. In the

contradiction matrix, a specific type of a technical contradiction is selected by the

predefined typical engineering parameters.

Comment: The original matrix was developed by G. Altshuller and later updated

by other TRIZ developers. Later revisions and modification of the original matrix

are usually called “contradiction matrix.”

Function Analysis

Synonym(s): (1) Functional analysis; (2) Function-cost analysis; (3) Function-

attribute analysis; (4) Value-engineering analysis.
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It is an analytical method and a tool to model technical systems and their

supersystems in terms of functional carriers, objects of the functions, their func-

tions, and the costs of functions delivery and system components.

Comment: A resulting function model of a technical system helps to better

understand, extract, visualize, and categorize functional relationships in the tech-

nical system, to rank functions, and identify both existing and potential problems

related to the functioning of the technical system.

Inventive Principle

It is a recommendation that provides a generic guideline(s) which indicates how to

solve an inventive problem represented as an engineering or physical contradiction.

Comment: Inventive principles were extracted and formulated on the basis of

extensive studies of diverse documents describing inventions (such as patents) and

innovations. Currently TRIZ knowledge base includes a collection of 40 inventive

principles.

Inventive Principle at Macro-level

It is a method of applying an inventive principle without utilizing advantages of

scientific effects which can be used to provide a result required by using properties

of substances and fields at microscale.

Inventive Principle at Micro-level

It is a method of applying an inventive principle with utilizing advantages of

scientific effects which can be used to provide an action required by using proper-

ties of substances and fields at microscale.

Inventive Standard

Synonym(s): (1) Standard inventive solution; (2) Standard solution.

It is a problem solving method which provides instruction how to transform a

Su-field given which involves a problem to a new Su-field which provides the

solution required.

Comment: The description of the instruction consists of two parts: its left part

presents an existing Su-field diagram that has to be improved (a generic model of an

inventive problem), and its right part presents a Su-field diagram that implements

such an improvement (a generic model of a solution).

Comment: A number of inventive standards do not contain Su-field diagrams

and use textual explanations instead.

Inventive Problem Analysis

It is a process of transformation of an inventive problem definition given to a well-

defined problem formulated in terms of a specific problem model valid for a

matching TRIZ tool and extracting information needed to find a solution to the

problem.

Comment: In current TRIZ, several alternative methods of inventive problem

analysis are available.
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Resource Analysis

It is an examination of resources available in a technical system and its supersystem

(primarily substances and fields) in order to compile a list of resources that can be

used for solving a particular inventive problem.

System of Inventive Standards

Synonym(s): A system of standard inventive solutions

A collection of inventive standards which includes five classes of inventive

standards categorized in accord with the particular types of inventive problems

the inventive standards can deal with: (1) Completion and decomposition of

Su-fields, (2) evolution of Su-fields, (3) transition to macro- and micro-levels,

(4) measurement and detection Su-fields, and (5) application of inventive standards.

Comment: Currently, the system of inventive standards contains 76 inventive

standards. There are proposals to extend the existing system of inventive standards

with newly discovered inventive standards.

Trimming

Synonym(s): Functional idealization
It is a method and a technique for improvement of a technical system by

removing (trimming) certain components and redistributing their useful functions

among the remaining system or supersystem components while preserving quality

and performance of the system.

TRIZ Catalogues of Effects

Synonym(s): TRIZ database of effects
It is a database of scientific effects from a specific scientific discipline in which

the effects are structured and categorized according to generic technical functions

that can be obtained on the basis of specific scientific effects and phenomena.

Comment: In each catalogue, the effects are combined to different groups which

include those effects that can deliver a generic technical function.

Comment: Currently the following catalogues of scientific effects are known:

(1) catalogue of physical effects, (2) catalogue of chemical effects, (3) catalogue of

geometric effects, and (4) catalogue of biological effects.

5 Laws and Trends of Technical Systems Evolution

Bell Curve of Evolution

It is a curve shaped as a bell depicting a nonlinear relation between costs of

resources required to provide the main parameter of value or delivery of a main

useful function of a technical system and time during evolution of the technical

system.

Comment: The bell curve of evolution includes two phases of a technical system
evolution: the phase of expansion (growth of mass, dimensions, and energy con-

sumption required to evolve system’s functionality, quality, and performance)
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which follows by the phase of convolution (reduction of mass, dimensions, and

energy consumption required to evolve system’s functionality, quality, and

performance).

Collection of TRIZ Trends of Technical Systems Evolution

Synonym(s): Collection of TRIZ trends of engineering systems evolution

It is a collection of classical TRIZ which presents 11 trends of technical systems

evolution.

Comment: Nine of these trends of technical systems evolution were originally

categorized to three groups, (1) trends of statics, (2) trends of cinematic, and

(3) trends of dynamics, while the remaining two trends are considered independent.

Comment: In addition to classical TRIZ trends of evolution defined by

G. Altshuller, contemporary developers of TRIZ offer a number of additional

TRIZ trends of engineering systems evolution.

Directed Evolution

It is a method and a tool for performing the forecast of further evolution of a

technical system or a technology with the use of the models, trends, and lines of

technical systems evolution.

Law of Technical Systems Evolution

It is the term originated by the founder of TRIZ G. Altshuller to present a number of

common generic patterns which were discovered during studying evolution of the

vast majority of technical systems, irrespectively, specific engineering domains.

Comment: Currently, for some laws originally defined by Altshuller, the term

“law or technical systems evolution” is replaced with the term “trend of technical

systems evolution” due to the lack of statistical proof that the laws of technical

systems evolution are valid for all technical systems under certain circumstances

without exception.

Lines of Technical Systems Evolution

It is a specific line within a trend of technical systems evolution presenting a general

direction of evolution which shows a number of specific noncontradictory succes-

sive transformations a technical system or its part passes through during its evolu-

tion according to a specific criterion.

S Curve of Evolution

It is a curve which represents a nonlinear relation between a change of a value of

one of the most important attributes of a technical system and time. The value of the

attribute is presented along the vertical axis, while time is presented along the

horizontal axis.

Comment: A typical S curve has shape similar to Latin letter “S” due to three

distinct time intervals: (1) phase of a system birth and early development where the

value of the attribute rises relatively slowly, (2) phase of rapid system growth where

the value of the attribute rises rapidly, and (3) phase of maturity where the value of

the attribute rises relatively slowly or does not rise at all. Sometimes an extra

interval is added to S curve presenting the phase of stagnation.
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Comment: S curve is similar to a logistic curve known in other disciplines

beyond TRIZ.

Theory of Technical Systems Evolution

Synonym(s): Theory of engineering systems evolution

Abbreviation: TTSE (synonym: TESE).

It is a theory which emerged during evolution of TRIZ and which studies models

of evolution of technical systems as well as laws, trends, and lines of the technical

systems evolution.

Comment: Sometimes, the early abbreviation is still used: TRTS (from Russian

title «Теория Развития Технических Систем» written in Latin characters).

Trend of Technical Systems Evolution

Synonym(s): Trend of technology evolution

It is a line of generic patterns representing a common direction of technical

systems evolution through a range of successive transitions of a technical system

from one state to another according to a certain domain-independent criteria.

Comment: Some trends of technical systems evolution include more specific

lines of technical systems evolution defined according to more narrow criteria.

TRIZ-Based Evolution Forecast

Synonym(s): (1) TRIZ-based technology prediction; (2) TRIZ-based innovation

roadmapping.

It is a process of short- or a long-term forecasting and roadmapping further

evolution of a technical system given based on using the analytical and problem

solving TRIZ tools including the trends and lines of technology evolution in

combination with the TRIZ knowledge base.

Comment: In addition to the TRIZ tools and TRIZ knowledge base, during the

process of TRIZ-based evolution forecast, external knowledge sources are exten-

sively used from different knowledge areas.
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