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Foreword

Since discovering TRIZ, Karen Gadd has been an enthusiastic, near-evangelical, promoter of the meth-
odology. She has introduced this exciting modern approach to innovation to many companies, including
my own, as well as countless individuals. I am very pleased that she has now captured the essence of
TRIZ in this well-written and very readable book, with its colourful and amusing illustrations, making
TRIZ accessible to an even wider audience.

TRIZ is a contradiction in terms: it is free thought by numbers; it is a top-down approach to lateral
thinking; it is a structured approach to brainstorming. Emerging from post-cold-war Russia, TRIZ is
based on an intense and systematic study of all the world’s great inventions. All of these can be broken
down to be rendered as a combination of simple physical phenomena. There are actually relatively few
conceptual solutions to problems (about 100) and 2,500 or so scientific principles. By presenting the
designer, or inventor with novel (at times implausible) combinations of principles, new ways of solving
problems can be discovered.

Look around you. Mix static electricity and photographic imaging and you have the instant, dry printing
of the photo-copier. Mix suction and vortices with centrifugal force and you have the bag-less simplicity
of the new generation of vacuum cleaners. The list is endless, as are the possibilities for new
inventions.

We don’t realise how bounded are our conceptual spaces and how linear our thought processes. We are
locked in by past experience, by ‘rules’ passed down by our teachers, by the ‘it’ll never work’ attitudes
of those around us. It is far easier to suppress innovation than to stimulate it. If, like the Queen in Alice
in Wonderland, you sometimes believe as many as six impossible things before breakfast, you may be
able to get by without TRIZ. Many seemingly impossible things are indeed impossible, but some are
not. TRIZ will set you free to explore the world of the apparently impossible.

TRIZ is an essential part of the modern engineer’s or inventor’s tool kit. This book will not make you
an expert overnight, but it will hopefully stimulate your interest and make you want to explore more
deeply the world of TRIZ.

Professor Ric Parker, FREng
Director of Research and Technology
Rolls-Royce Group
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Introduction

Teoriya Resheniya Izobretatelskikh Zadatch = Theory of Inventive Problem Solving

‘ TEOPHS PENIEHUS VI3OBPETATE/TBCKUX 3AJIAU

TRIZ is an engineering problem solving toolkit which successfully summarizes past solutions and suc-
cesses to show us how to systematically solve future problems. TRIZ comes from Russia, initially and
primarily the work of Genrich Altshuller, a great engineer and inventor, perhaps one of the greatest
engineers of the twentieth century, whose work helps all other engineers. All good engineers live with
both uncertainty and certainty — uncertainty about where to find the solution to the next problem and
certainty that a solution will be found. TRIZ enhances and speeds up this process by directing us to the
places full of good solutions to our particular problems. TRIZ focuses our problem understanding to
the particular, relevant problem model and then offers conceptual solutions to that model. Good engi-
neers reduce wasted time with TRIZ as they head straight for the valid solutions and use their valuable
time to define their problem accurately, find all the solutions to that problem and then develop those
solutions. TRIZ and other toolkits help in all these various stages of problem understanding but only
TRIZ helps in the solution locating stage. The best engineers enjoy complex problem solving and finding
new, better innovative solutions — TRIZ enhances their abilities as innovators and just trims out the
wasted empty trials and dead ends. TRIZ keeps engineers doing what they do best — solving problems
— and takes away nothing but time wasting, brain deadening, complex and irrelevant detail. TRIZ helps
engineers power forward to useful and practical answers.

TRIZ is a toolkit — each tool is simple to use, and between them they cover all aspects of problem
understanding and solving. The only challenge with TRIZ is learning which tool to use when, and this
comes with practice and familiarity. Complete TRIZ algorithms are hard to master, as they set out to
cover all problem situations, and are about as useful as an algorithm to help you complete 18 holes in
golf. This book takes you through each TRIZ tool in turn and suggests when and where to use them,
and offers some simple problem solving flowcharts for each tool. Once each TRIZ tool is mastered, it
will become part of your problem solving tool; some you will use everyday and some just occasionally,
but they are all useful for engineering problems, and are great thinking tools to help good engineers
become great engineers.

In Russian TRIZ is written as above. TRIZ became known and available outside Russia after 1993,
although there were some occasional TRIZ activities before that in some Western companies. In the
USA there was some resistance to a Russian technique with a strange acronym name, which to most
people was incomprehensible and unpronounceable. Some attempts were made to anglicise and rename
it as TIPS (Theory of Inventive Problem Solving) — this was not widely adopted and in the USA TRIZ
is now pronounced as TREES and in Europe TRIZZZZ.

At my first Altshuller conference in California I was surprised that there seemed to be three TRIZ
camps: the Russian, the American and the European, and they didn’t seem to be mixing much. (There
are now other powerful camps from Korea and Japan). I called my paper TIPSY TRIZ and talked about
the western TIPS acronym representing the resistance to Russian thoroughness, the temptation to over-
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simplify TRIZ in order to gain acceptance and to break down the initial resistance to this rigorous
toolkit. I talked about the UK TRIZ serious successes with major engineering companies, and the TRIZ
impact on UK engineering, but at the end I made jokes about trying to problem-solve whilst under the
influence of vodka — only the Europeans laughed, the Americans viewed me with disapproval, and the
Russians with incomprehension. The paper was mostly about overcoming the difficulties of selling an
unknown but brilliant Russian process to Western companies who initially view it with weariness and
suspicion, but once familiar with TRIZ are almost always smitten, embrace it with enthusiasm, and
how company experts in other toolkits always argue that TRIZ is like ..... and name their favourites.
Persuading them that TRIZ is unlike any other toolkit, but complimentary to the others, first involves
getting them to use TRIZ to successfully solve problems. This demonstrates that TRIZ covers the parts
that no other toolkits even attempt — and that TRIZ is a toolkit for moving from vague problem to
defined problem, and then to locating relevant conceptual solutions distilled from all of science and
engineering — and that no other toolkit comes close.

I was telling dispiriting stories of how despite its unique power, how hard it can be to sell TRIZ to
European companies, and then (I hoped) the more cheering tale of how Oxford Creativity used TRIZ to
overcome the problems of getting engineers and engineering communities to adopt TRIZ in the UK.
In particular I described our spectacular success in taking TRIZ to Rolls-Royce and the effect of our
TRIZ training and problem solving with many hundreds of their engineers. Getting Rolls-Royce to
adopt TRIZ took over three years and its introduction was due to TRIZ being initially championed
by their R&T director Ric Parker assisted by Dave Knott — a rare prior TRIZ convert earlier, as he
had heard a TRIZ lecture some years before and written his most successful patent the next day. With
Ric and Dave’s help and enthusiasm we overcame the inertia and hostility and TRIZ has been one of
their core competence tools since 2000. Since then our other successes have included BAE Systems
where even the most experienced and curmudgeonly engineers can be turned around to energetic
enthusiasm.

I have always been amazed that, until some small understanding is established, how strong the resistance
and inertia to TRIZ can be at a corporate and personal level. This is despite its huge value to engineers,
its documented successes, and once accepted and learned, its transforming power on even the most
plodding of engineers to think clearly and problem-solve innovatively, quickly and effectively.

Recently whilst teaching a seminar at a college in Oxford University to six technical directors of an
international engineering company, we asked them why they had been considering TRIZ with us since
1999 yet ten years later were cautiously allowing themselves a one-day seminar. “We thought TRIZ
was either too trivial or too complex for us” came the answer from these clever engineers: all were
in desperate need of new solutions, new products and greater understanding of future technologies.
After the one day they said TRIZ switched the lights on for them in an area of new technology, where
before they had been groping around each equipped with the relatively small torch of their own
knowledge and ideas. They have since all learned TRIZ and are working to establish it throughout
the company.

The TRIZ tools were developed in Russia by engineers for engineers with thousands of man-years of
work (and many women-years). Russia 30-50 years ago was a very different culture to our own and
time was not of the essence for them and to learn TRIZ the Russian way was, and is, rigorous, requires
great application of thought, with lots of worked examples and at least three months is recommended.
This is not practical in Europe today and together with other TRIZ users I have endeavoured to create
TRIZ Workshops which do not compromise the thoroughness or rigour of TRIZ but will give an under-
standing of the best TRIZ tools in days, rather than months.

We have also used TRIZ to solve the essential contradiction of learning TRIZ — how to teach a powerful,
set of problem solving tools to engineers and managers who are hard pressed to spare the time. We
explain the TRIZ tools and show how to use them after each workshop on their own problems; back at
work there needs to be sufficient time and practical application for TRIZ to become useful and effective
for problem solving for individuals and teams. Enough experience, and even some small successes in
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the real world, as well as solving big problems that matter, and it will become second nature. TRIZ is
very much about analogous thinking, so learning TRIZ is a bit like learning to swim or to drive — once
we have been taught and have some confidence, to master it and really do it on our own we need to
practise and build the skills and confidence to succeed. Then we know we are able to do it again and
better — success and improvement will depend entirely on actually doing it ... as often as possible.
Nobody will commit to TRIZ until they understand and experience the power and speed of TRIZ to
solve problems which will help ensure their company’s future — but once committed to using TRIZ
every hour invested in TRIZ will repay many dividends for you for ever.

It has been my privilege to teach (with my colleagues in Oxford Creativity) many thousands of really
good and clever engineers in the last thirteen years. Almost all engineers seem to me to be very nice
and trustworthy people (mostly men in the UK), with many virtues, including hard work, an appetite
for understanding everything about the problem from the big picture to the relevant detail, responsible
attitudes, a passion for good solutions, a genuine mistrust of trivia or flash quick answers, good humour
and a genuine sense of humility.

All of us at OC teach TRIZ in our very different styles and with as much fun as possible. Despite a
reputation for full days, hard work and light heartedness, TRIZ classes are acknowledged as enjoyable,
useful if exhausting experiences and we hope delegates leave with a great deal to think about and
practice. We teach TRIZ in two bites; two days learning the essential TRIZ tools, followed by two days
on the TRIZ problem solving process. Over 95% of delegates sign up for the second course, which is
encouraging.

This book is a result of thirteen years problem solving, teaching, (and learning) TRIZ. I offer this book
in the same spirit as an apprentice had to offer a “masterpiece’ in the hope that he / she could now enter
the ranks of their trade accepted by their masters. I hope I offer it in a spirit of humility and I do not
offer my way of making TRIZ because I have left TRIZ mostly unchanged, but worked to reveal its
simple and powerful logic, assisted by flow charts, pictures cartoons and even jokes.

However I have made one significant new approach and offer two routes for System Analysis — the
traditional TRIZ Substance Field Analysis and the five classes of the 76 Standard Solutions and a simpler
alternative used by elements of the TRIZ community of Function Analysis and three simple categories
of 76 Standard Solutions — how to deal with harm, how to deal with insufficiency and how to detect/
measure something. [ have taught both in major companies but have only used the second, easier system
for many years.

I feel passionately that TRIZ should now be communicated clearly and simply without losing any of
its rigour; made simple and straightforward but never, I hope, made trivial. I have always encouraged
jokes, fun and laughter when learning and using TRIZ as it seems to make everyone more creative.
I was pleased to see that scientific research has shown that the only way to become truly creative
in scientific and engineering problem solving is by joining the left side of the brain (alleged to be
systematic) with the right side of the brain (alleged to be creative). To make the right side of our brain
join up with our left side we have to laugh and see the fun in situations.*

As in our classes I offer TRIZ tools with jokes and (I hope) humorous stories — not to make light of
TRIZ but because I believe this research, which claims the importance and power of humour. I am a
great believer in keeping as much fun and enjoyment in life as possible. I hope the cartoons I have
commissioned from the wonderful Clive Goddard and the jokes I use here do not offend — I have a very
English sense of humour.

Accompanying this book is a website (www.triz4engineers.com) that contains additional material and
case studies. There are expanded versions of the 40 Principles and the Oxford Standard Solutions and
an Effects database and links to other versions of the TRIZ effects. This website invites TRIZ engineers
to contribute their own successes with TRIZ — including case studies — and an opportunity to share
problem solving with other engineers.

*W. Wayt Gibbs, Side Splitting, Scientific American, January 2001.
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Part One
TRIZ Logic and the Tools for Innovation
and Clarity of Thought






TRIZ Tools for Creativity
and Clever Solutions

What is TRIZ?

TRIZ is a unique, rigorous and powerful toolkit which guides engineers to understand and solve their
problems by accessing the immense treasure of past engineering and scientific knowledge. TRIZ helps
us find the surprisingly few relevant and practical answers to our real problems. This is made simple
by the TRIZ summary of all the conceptual answers to engineering and scientific problems.

TRIZ isthe only solution toolkit which exists so far in the world that offers engineers help beyond
brainstorming at the actual concept—solution locating and problem solving moments. There are wonder-
ful toolkits for understanding problems, with analysis processes for capturing the requirements, analys-
ing the systems, looking at processes and pinpointing actual causes of problems. There are also many
rigorous and useful toolkits for the time after problem solving has occurred, including processes for
selecting solutions and developing them, with useful ways of evaluating and predicting costs etc.; but
for the actual moment of problem solving — the search and capture of the right solutions or new concepts
— there is only TRIZ. Until TRIZ the assumption has been that clever engineers and scientists would
somehow find the right answers either individually or collectively by brainstorming and using their
experience and knowledge.

TRIZ for Engineers: Enabling Inventive Problem Solving, First Edition. Karen Gadd.
© 2011 John Wiley & Sons, Ltd. Published 2011 by John Wiley & Sons, Ltd.



TRIZ for Engineers: Enabling Inventive Problem Solving

BEFORE - Preparation for
Problem Solving
TRIZ and other tool-kits for
Requirements / needs capture
System analysis
Find any root causes of

DURING - Problem
Solving
Brainwave ideas
Brainstorming
Creativity Tools
and/or
TRIZ
TRIZ Conceptual Solutions
40 Principles
76 Standard Solutions
8 Trends

AFTER - Solution
Selection and
Development

TRIZ and other Tool-kits
for
Concept development

all used with relevant
World’s Knowledge
and TRIZ Creativity Tools
including — Ideal Solutions
Smart Little People
Size-Time-Cost etc.

problems etc. Concept selection process
(such as Pugh Matrix)
Successful innovation and

new technologies etc.

Use all the available tools for each stage of problem solving

Before TRIZ no one had looked to systematically summarize all the published solutions to scientific
and engineering problems and seek similarities, overlaps and patterns. When the founder of TRIZ,
Altshuller, examined patent databases he found only 40 solutions to solving contradictions and a total
of about 100 conceptual solutions for improving systems and solving problems which can be used
together with the 2500 or so scientific and engineering theories (called effects in TRIZ) to solve prob-
lems. Together with his TRIZ community Altshuller developed TRIZ as the ‘science of creativ-
ity’derived from all scientific and engineering success and offered a practical problem solving toolkit
for engineering systems. The principal TRIZ tools direct us to find all the ways for improving and
solving problems in existing systems and processes. They also help us find relevant concepts to develop
the next-generation systems, and they offer systematic processes for inventing and developing new
products. TRIZ has simple general concept lists to help us solve any problem; these TRIZ solution
triggers are distilled from analysing all known published successful, scientific and engineering solu-
tions. TRIZ tools are unique in their power for problem solving but TRIZ also offers simple tools for
problem understanding, for system analysis, for understanding what we want, and for stimulating new
ideas, creative thought and innovative solutions.

Who Uses TRIZ and Why?

For good engineers TRIZ offers the best of all worlds: the individual tools are straightforward, the
problem-solving process is systematic and repeatable, and when we move fast with TRIZ we can
uncover all the possible solutions and maintain and use our brains at their most creative. Engineers
understand TRIZ better than anyone else because it comes from engineering success. It was developed
by engineers for engineers, and although TRIZ works well on anything, it seems to work best on engi-
neering problems. When first hearing of TRIZ, however, most engineers resist it, perhaps because it
sounds too good to be true; but also maybe because it is new to them, not-invented-here and counter-
intuitive to the way they approach problems. Unfortunately TRIZ is also seen as just another part of
the overcrowded market in corporate toolkits (which range from excellent to trivial). Taking on a new
toolkit makes demands on their brain power, company time and money and other hard-pressed resources,
and this requires belief in its efficacy and power. Six Sigma and Lean are both promoted to improve
efficiency and deliver cost savings and therefore widely adopted — TRIZ also delivers efficiency and
similar cost savings plus innovation, fast problem solving and clear thinking. TRIZ is slowly becoming
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recognized as a unique addition to all the other company toolkits, as it supplements and complements
them all and fills in their missing essentials — the big hole they all possess of no directed problem
solving to relevant solution concepts.

One reason cited for the more hesitant uptake of TRIZ is its perceived complexity. This is a misap-
prehension, as each TRIZ tool is fairly simple and straightforward and learning the entire toolkit should
offer no problems for engineers. TRIZ is quite a large and rigorous toolkit but many of the tools overlap,
as TRIZ is designed to suit all types of problem solvers. Part of the genius of TRIZ is that it was
developed to allow individuals to build their own, personal TRIZ toolkit which suits their problem
solving style best. This is a bit like having a well-equipped gym with a large range of equipment —
individuals choose and use only part of that equipment depending on what suits them and which fitness
problem they are tackling. The TRIZ Toolkit is much the same — there are tools which have specific
purposes and tools which an individual finds suit them well, and which they will use extensively.

TRIZ and Other Problem-Solving Toolkits

It is big claim to make that TRIZ is the only toolkit which helps engineers locate all the useful solutions
to their problems, and understandably this can create some tension with ‘problem-solving experts’ who
use the many other wonderful engineering toolkits. These other toolkits have immensely useful guid-
ance to help us find inefficiencies in processes, the root causes of problems, help us understand all
requirements, all stakeholders’ perspectives, what everyone wants, and analyse products, processes and
systems, and once we have solutions (for solution finding we’re only offered brainstorming) they help
us rank solutions. However, none have anything practical to offer for solving problems, and perhaps
should not be labelled as ‘problem-solving toolkits’.

IS THERE A PROBLEM-
SOLVINGVEHICLE WHICH
SUITS OUR COMPANY?

Many good toolkits but none for problem solving

TRIZ is a comprehensive toolkit with simple tools for understanding ‘what we want’ and detailed tools
for ‘system analysis’, which are helpful for everything from invention of new systems to improving
old ones. BUT unlike any other Toolkits, TRIZ has tools for finding solutions. TRIZ will complement
and fill in the gaps (hitherto ignored) of how to actually find concepts to solve problems. The many
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engineering quality and production experts who come to learn TRIZ, enthusiastically and thoroughly
apply it, and find it is a very valuable addition to whatever toolkit they also use — whether it is Total
Quality Management, Quality Function Deployment, Taguchi, Lean, Pugh Matrix, Kepner-Tregoe, 8
Ds, Six Sigma, Value Engineering etc. — especially when they need innovation and want to find power-
ful solutions.

Other toolkits may offer different and additional benefits such as a more thorough analysis of require-
ments, or solution selection, but whatever toolkits we normally use TRIZ offers something extra, and
powerful and is a good additional toolkit for any engineer.

HAVE You THOUGHT | IT'S THE PERFECT PROBLEM-SOLVING VEHICLE FOR
OF TRIZ? US - FAST, EXCITING AND EFFECTIVE -TRIZ REALLY
HELPS OUR ENGINEERS SOLVE ALLTHEIR PROBLEMS!

e

Only TRIZ helps engineers solve problems

One TRIZ delegate, Jon Theuerkauf, Six Sigma expert and Head of Best Practice for HSBC (Jon is
now Credit Suisse’s Head of Centre of Excellence), explained ‘At the beginning of the TRIZ Workshop
I said, “There is nothing new under the sun” as I thought I knew most problem-solving toolkits and
was sure that TRIZ would just contain the same tools as all the others. TRIZ showed me something
“new under the sun” with its unique problem-solving tools of the 8 Trends, 40 Principles and Standard
Solutions. I am impressed and I am not easily impressed.’

Innovation — Fool’s Gold or TRIZ?

Innovation has been in fashion for a long time — and heads up company value and mission statements
— and unlike other trendy corporate initiatives has not peaked and faded. Probably because like search-
ing for the philosopher’s stone, most companies have never found how to systematically locate useful
innovation to achieve its promise of success and hopefully endless future riches; practical, sustained
innovation remains elusive to most companies. Corporate culture innovation initiatives often establish
the need for innovation, identify innovation gaps and stimulate the desire to close those gaps. There
are many innovation departments and consultancies with smart presentations, articles and conference
talks telling us that innovation is needed more than ever, especially in difficult times and as the pace
of new technologies increases etc. Non-TRIZ innovation toolkits are mostly brain-provocation exercises
— helping to create new viewpoints of problems, clearer understanding and provoking ideas by stirring
up or helping recall what we already know — and offer innovation by suggesting different combinations
of known entities. Companies looking for innovation often keep asking the same questions over and
over again ... hoping that it will somehow get different answers (close to Einstein’s definition of insan-
ity). Although ‘innovation’ is blazoned across corporate values, mission statements, slogans and encour-
aging, motivational material, it is hard to achieve, apart from those companies who have embedded the
TRIZ toolkit to deliver technical and business innovation.
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ideal outcome 59, 62, 69, 178, 190, 214, 223-226,
236-237, 433
identifying ideal outcome 214, 223-224
using 9 boxes 193-194, 223-224
ideal problem solving 221, 446-447
4 steps 447448
resources 447448
ideal resource 182
ideal self system 179-181, 216
cartoons 181, 216
tomato sauce bottle 218-220
traffic control 180
ideal solution 69, 179-180, 192-193, 221-223, 439
identifying ideal solution 185
uses existing resources 182, 195
ideal speedboat 80
ideal system 58, 67, 185, 222-223, 421
and resources 204
ideal thinking 214
ideal user manual 184
ideal X factor see ideal resource
ideality 55, 254-258, 283, 299, 314
acceptable 178
ideality we want 56, 222, 226
ideality we’ve got 222, 226
ideality audit 58, 221-227, 314, 433-434
ideality balance 299-300
cartoon 255
definition 255-256
ideality DNA ee product DNA
ideality equation 55, 60, 178, 222
ideality gaps 222-226
ideality of stakeholders 231-232, 242
ideality tactics 429447
imaginary tiny beings see smart little people
inadequate benefits 442—443
increase ideality see also ideality 436
increasing dynamism, flexibility and
controllability 245, 274-276
increasing controllability 276
transition to increased variability 276
transition to more flexibility 275
increasing segmentation and use of fields 247, 277-279
object or system segmentation 277
segmenting actions 278
space segmentation 278
surface segmentation 278
inert atmosphere 173
cartoons 174
definition of inventive principle 39 173
innate problem solving ability 45
Sherlock Holmes 45
innovation 6, 196
audit 186
audit trails 54
corporate culture 308
too much? 186

inputs 202
minimise 198
insufficient actions 327
35 ways of improving an insufficient function 327,
367-374
achieve better/effective actions (18
ways) 371-374
add something to the components (7
ways) 367-369
change/ evolve the components (10
ways) 369-371
intermediary/mediator 162
cartoons 162
definition of inventive principle 24 162
invention 251, 292
breathalyser 295-296
compass 197
clockwork radio 304
corporate 308
DNA 296-297
encouraging 284
firehood 10
french fries 292
fundamental routes (2) 301-306
ice cream cones 303-304
major routes to /algorithms 301, 302-8, 446
mundane 289, 290, 303
neckband for sunburn 197
oven glove 303, 304, 307
safety brake for lifts 81
shock absorber see Osman, Dr Fayek 207-208
sock pairer 304, 307
space pen (NASA) 191, 301
sundial 197
successful 300
traffic systems 179-180
TRIZ Tooolkit for 284, 292
inventive principles see 40 inventive principles
inventors 286-288
accidental discovery/chance/luck/playful 289
characteristics 286
successful
Archimedes 286
Baird, John Logie 286
Bayliss, Trevor 304
Crick, Francis 296-297
Da Vinci, Leonardo 286
Dyson, James 57, 183, 261, 286, 304
Edison, Thomas 102, 183-184
Fleming 286
Franklin, Rosalind 296-297
Harger Rolla 295
Garrett Morgan 10,179
Newton, Isaac 286, 288, 298
Otis, Elisha 81
Rutter,Nigel 291
Tate,Sam 291
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Watson,James 296-297
Watt, James 286
Whittle, Frank 286

how to be mundane 289-292

jargon 435

Kepner-Tregoe 6
Knott, David CEng FIMechE 22, 288
knowledge

industry 48

sharing 50

world’s see world’s knowledge

laws of evolution see trends
Lean 6
less human involvement 263-266
human replacement by machine 265-266
self-systems 264-265
life and death analogies 14
lines of development see trends of evolution
lines of evolution see trends of evolution
local quality 142
cartoons 142
definition of inventive principle 3 142

magic wand 228

manufacturing problems 85

market exposure 257-258

marketing 230-231

matching and mismatching of parts 279-283
changing of dimensions and shape 281
geometric evolution — linear evolution

281
matching — shortening of energy flows
281-282

matching of actions 282-283
mismatching 280281
materials — composite see composite
materials
mechanical system — replace see replace mechanical
system
mechanical vibration 156-157
cartoons 156
definition of inventive principle 18 156-157
motivating see urinals
mental screen 287
merging/consolidation 144
cartoons 144
definition of inventive principle 5 144
mine weeper 17
mismatching systems and needs 57

NASA ee invention -space pen

needs 50
definition 59
map 74, 79-81

nested doll/telescopic 146

cartoons 106, 146

definition of inventive principle 7 146
Newon,Isaac 288

cartoons 286, 288
nine boxes see thinking in time and scale
nine views see thinking in time and scale
nine windows see thinking in time and scale
non-uniform development of parts 266268

at sub-system level 266-268

at super-system level 266-268

at system level 266268
nuclear

clean-up 191, 242

contamination 92-3, 336

costings 92-3

ponds 77-78

rated building 191

sludge 77-78

submarine 87-88, 236

Operation Paperclip
opposite

benefits 216

see also physical contradictions
optimise see compromise
other way round see the other way round
Osman, Dr Fayek 207-208
output 431
oxidation — accelerated see accelerated oxidation
owning a submarine fleet 235-236

ideal outcome 236

prime benefit 235

real goal 235

parameter change 170
cartoons 170
definition of inventive principle 35 170
partial or excessive actions see excessive or partial
actions
patent 298
clever or trivial 25-26
5 levels of creativity 26, 27
research 284
Rolls-Royce 42
patent databases analysis of
knowledge 26,29,30,32,35,38
global colonialization of IP andana Shiva
298
source of TRIZ 26,30
patterns see trends
periodic action 158
cartoons 106, 158
definition of inventive principle 19 158
phase transitions 171
cartoons 171
definition of inventive principle 36 171
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physical contradictions 104-107, 120
opposite solutions (and) 100
separation principles 120-129
solving physical contradictions 439-440
uncovering physical contradictions 129-130

pirates
cartoons 25, 58, 192, 210, 287

pneumatics and hydraulics see hydraulics and
pneumatics

polar bear
cartoons 99, 328
contradictions 99

porous materials 167
cartoons 167
definition of invenitve principle 31 167

primary benefit see prime benefit

primary function see prime function

primary output see prime output

prime benefit 203

principles — 40 inventive see 40 inventive

principles

prior action 148
cartoons
definition of inventive principle 10 148

prior counteraction 147
cartoons 147
definition of inventive principle 9 147

prism of TRIZ 29-34, 114115, 293,421

problem gap 44, 58, 315

problem solvers
hero 45,46

problem solving 22, 242, 427-428
abilities
audit trail
creative 209
pragmatic 227
problem description 431
questions to ask 64
stages of problem solving 314
starting point 422
steps 68, 214, 422425, 427
system we have 8
system we want (see also ideal system) 8
using TRIZ 3, 19, 449
what is a problem?

problem tools 63

problem uncovering 422

problem understanding 425, 430436

problem zone 431

problems 43
difficult
history 88
mystery
puzzling
right problem at the right time
types 435
unsolvable
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product 251
product DNA lso called voice of product or Ideality
DNA 256-258, 294, 445
cartoons 257, 445
development 256-257
psychological inertia 8
break 177-178
Pugh matrix 4, 6

QFD (Quality Function Deployment) 6,
300
question solutions 284
see also research

R&D epartments 285
cartoons 285, 291, 308
rank solutions
recovering and discarding see discarding and
recovering
reduce armful action 442
replace mechanical system 165
cartoons
definition of inventive principle 28 165
requirements 201
definition 59, 230
gathering requirements 201-202
real 230
research teams 284
funding 284
helped by TRIZ 284
given dedicated time 287-288
resources 204-206, 448
and benefits 216-217
choosing the right resource 197, 213
and hazards 209-210
inputs 220
life and death solutions 203, 209-210
locating and defining resources 199-200
make or buy decisions 200
map 74
minimise 198
problem solving using resources 204,
214
resource hunts 199-201, 206
resources we’ve got 197-198, 448
used effectively 210-211,447
using super-system resources 208
what we want 199
right questions
rival teams see smart little people
Rolls Royce design process 22-24
application of TRIZ
stages
roundabouts 180
rushing through 160
cartoons 160
definition of inventive principle 21 160
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s curves 259-263
for launching products 262
s jump 260-261
stages 259-260
safety fire hood 10
segmentation 140, 212
definition of inventive principle 1 114
trends of evolution 247
standard solutions 369
self-service 163
cartoons 163
definition of inventive principle 25 163
separate by system 120
definition 126
examples 126-128
separate in scale 126
transition to the sub-system 127
transition to the super-system 126
transition to alternative system — try a different
system 128
transition to inverse system 127
relevant principles for solving 126
separate in condition 120
definition 125
examples 125-126
relevant principles for solving 125
separate in space 120
definition 106,123
examples 124125, 128-129
relevant principles for solving 123
separate in time 106, 120
definition 106
examples 121- 123
relevant principles for solving 120
sharing solutions 36
shock absorber see Osman, Dr Fayek
Siberian gulag 214
Simon Singh ermat’s Last Theorem 298
simple language 35, 435
simplifying systems 268
simplicity — complication — simplicity 268-274
four routes for simplification 271-274
combining dissimilar elements 271-272
combining similar elements 271
transition to the super-system 272
trimming out components but keeping all
functionality 272-274
two routes for complication 270-271
adding dissimilar elements 270-271
adding similar elements 270
Six Sigma 300
size-time-cost 18
smart little people 15-16
Altshuller’s use of SLP 16-17
Snowman cartoon 121
social harms
map in time and scale 83

solution capture 52, 57
solution map 74, 77-78, 435
solution mode thinking 232-233
solution park see bad solution park
solution trigger see solution triggers
solution triggers 212, 311
solutions 427
conceptual see conceptual solutions
finding 44
premature 61
space pen 191, 301
spheroidality/curvature 152
cartoons 61,152, 213,267
definition of inventive principle 14 152
standard solutions 326
Altshuller’s original 76 standard solutions see 76
standard solutions
classical TRIZ 76 standard solutions see 76 standard
solutions
Oxford standard solutions 311
dealing with harm see harmful actions
dealing with insufficiencies see insufficient actions
solutions for detection and measurement see
detection and measurement
76 standard solutions
class 1: building and destruction of substance
field models 380, 405-409
class 2: development of substance field
models 381, 409-411
class 3: transition to super-system and micro
level 381, 412-413
class 4: standards for detection and
measuring 381, 413416
class 5: standards on application of
standards 381-382, 416418
stakeholder 66, 231-232
conflicts between 232
different 231
requirements 231-232
substance field analysis 375-377, 403-404
and function analysis 377
s-field analysis see substance field analysis
su-field analysis see substance field analysis
using substance field analysis 382-384
substance field model 375
building substance field models 377-379
definitions of terms 379
types of substance field model 379-380
system 224, 435
definition 312
system analysis 336
system states 58
systems 51, 318
choosing a system 17
creating systems 421, 428
definition of a system 312
improving systems 429
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