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SYSTEMATIC INNOVATION WITH TRIZ 
 

Abstract: The aim of this paper is to present TRIZ as a tool 

for systematic innovation. S-curve of development stage in 

many companies already shows the upgrade of continuous 

improvement into the next step – systematic innovation.  Many 

of these companies already use Lean and Six Sigma 

approach. TRIZ is set of tools for directing creative thinking 

so that innovative ideas are not left to creative inspiration by 

trial and error. Instead, new and innovative breakthrough 

ideas that solve difficult technical problems and create new 

inventions can be systematically derived.  

Keywords: TRIZ, systematic innovation, ideality, 

contradiction, inventive principles  

 

1. INTRODUCTION  
 

Six Sigma and Lean are currently the most 

frequently used approaches for continuous 

improvement. Many companies use both 

approaches simultaneously and often call them 

Lean Six Sigma. Developed economies have 

already achieved maturity stage in the use of 

Six Sigma and Lean at the S-curve, Figure 1 

[1]. So, new question occur - what will follow 

continuous improvement phase?  

 

 
Figure 1 - Evolution of methodology maturity development [1] 

 

Many trends show us a point to the 

systematic innovations, where TRIZ tool 

usually takes a dominant role. At the beginning 

there’s always a doubt about possibility to 

develop innovations with a systematic 

approach. People often consider innovations as 

a result of coincident, non-planned activities, 

which rarely happen to very talented 

individuals. Latest acknowledgements are 

changing that. Similar approaches which are 

used to systematic improvements (Lean, Six 

Sigma) are taking place also at systematic 

innovations.  Currently is the use of TRIZ 

methodology in the rapid growth worldwide. 

Big companies such as Proctor & Gamble, 

General Electric, Intel, Siemens, Ford, Honda, 

Motorola, etc. are already using TRIZ very 

intense. World leader in the use of TRIZ is 

currently South Korea (Posco, Samsung and 

Hyundai) [2]. 
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2. WHAT IS TRIZ?  
 

TRIZ (Teoriya Resheniya Izobreata-

telskikh Zadatch) is a Russian acronym of 

words for solution of inventive problems 

theory. The founder of TRIZ is Genrich 

Altshuller (1926-1998). TRIZ is a systematic 

package of mental tools for problem solving. It 

focuses on the problem on the reveal stage, 

focusing the problem and facing, solving of 

technical contradictions which uses all 

available system resources and recognition of 

evolution characteristics within technical 

systems.   

Beginnings of TRIZ are in the period after 

2nd world war. The aim of Altshuller work was 

to make innovation process an exact science 

such as mathematic, physics, chemistry are. 

With this newly-developed theoretical base, 

known today as the Patterns of Evolution of 

Technological Systems, Altshuller laid the 

groundwork for the TRIZ tools that he would 

develop, or whose development he would 

oversee, for the next four decades. In 1985, 

Altshuller turned his attention to research in the 

area of creativity rather than technology, 

bringing to an end what has become known as 

the “Classical TRIZ” era. 

One of Altshuller`s early findings was that 

inventive problems (i.e., problems for which no 

means of solution are known) involve at least 

one contradiction. Accordingly, if an engineer 

could resolve the fundamental contradiction 

underlying the problem in his/her system, the 

problem could be solved and the system 

advanced on its evolutionary course [3]. 

During his research of over 200.000 world 

known patents at that time, he made the 

following conclusions:  

 Problems and solutions can be classified 

into 5 levels. The “Level of Inventiveness” 

or “degree of difficulty” increasing from 1 

through 5. 

 Higher level solutions (level 2 und up) 

required solving an “inventive problem”, 

one which involves the breakthrough 

thinking that solves a contradiction. 

 The same few inventive principles were 

used to solve inventive problems. 

 Problems and solutions were repeated 

across different areas of industries and 

science. Problems in one field had often 

already been solved in another. 

 Innovations often used scientific effects 

outside the field from where the original 

problem was found. 

 Trends of technical evolution exist, these 

show how technical systems develop over 

time, and that system evolutionary 

development is highly repeatable and 

therefore predictable. 

Analysis of large number of patents 

reveals that not every invention is equal in its 

inventive value. Altshuller proposed five levels 

of innovation. We can define the following 

characteristics of the creative process for each 

level: 

 Level 1: Routine design problems solved 

by methods well known within the 

specialty. Usually no invention needed. 

 Level 2: Minor improvements to an 

existing system using methods known 

within the industry. 

 Level 3: Fundamental improvements to an 

existing system using methods known 

outside industry. 

 Level 4: A new generation of a system that 

entails a new operating principle for 

performing the system`s primary function. 

 Level 5: A rare scientific discovery or 

pioneering invention of an essentially new 

system. 

Altshuller concluded from his research 

that a large number of patents (77 %) belong 

only levels 1 and 2. In general, every engineer 

should know how to invent on these first two 

levels. There is no need to choose new tasks, 

new technical ideas, and so on throughout the 

range these levels. There is enough knowledge 

and skills possessed by every engineer to 

provide effective solutions. The practical 

utilization of TRIZ methodology can help 

inventors elevate their innovative solutions to 

level 3 and 4. Level 5 requires scientific 

discovery and may be assisted by TRIZ but is 

essentially dependent on scientific discovery 

rather than problem solving. TRIZ primarily is 

used to create Level 2 through 4 solutions [4]. 

Altshuller and his colleagues developed 

the classical TRIZ solutions tools based on 

those findings. By learning of how problems 

are solved innovatively from studying the 

patent database, tools that direct us to 

breakthrough solutions were created. Instead of 

random guessing, using TRIZ tools we can 

derive creative solutions using those tools. The 

classical TRIZ solutions tools derived from 

studying patents are not the only TRIZ tools. 

TRIZ also uses a number of analytical tools that 

were developed to help define and understand 
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problems and to help release psychological 

inertia.  

TRIZ tools are effective for: 

 Quickly and systematically creating 

breakthrough ideas that solve simple or 

difficult technical problems that otherwise 

might take months or years to solve. 

 Identifying root cause of existing 

problems. 

 Inventing new technical systems or 

technical processes. 

 Improving the effectiveness and efficiency 

of existing technical systems or processes. 

 Predicting future development of technical 

systems allowing early patent submission 

and setting research and development 

direction. 

 Identifying and preventing future failures. 

 

2.1 Ideality 

 

One of Altshuller`s most important 

fundamental discoveries was that as 

technological systems evolve they become 

more ideal. Technical systems, products, tools 

are made in order to perform one or more 

functions. A function is what a system does that 

is useful. Consumers purchase products for 

their functionality. We use a hammer to drive in 

nails, a lawnmower to cut grass and a computer 

to provide information. To drive in nails, cut 

grass and to provide information are all 

functions provided by technical systems. The 

function of a CD player, cassette player and 

gramophone, all deliver the same main function 

– to play music. “Functionality” is the amount 

of desired useful functions that a system 

provides. A Swiss Army knife has many 

different tool attachments and provides more 

functionality than a simple pen knife with a 

single blade. 

 There is one essential TRIZ tool which is 

fundamental to all approaches to problem 

solving. This is the ideality, which is the 

starting and end point of all problem solving. 

The definition of ideality is (1) [5]: 

       
CostsHarms

Benefits
Ideality


                 (1) 

 Cost is defined not only in monetary cost 

but, the use of any resources or materials, the 

number of components used, the amount of 

space or time used. Harmful effects may be any 

negative effect associated with the system. For 

example, a lawnmower cuts grass but it may 

also be very noisy, which can be considered as 

a harmful effect. 

There are two ways to increase system 

ideality. The first is to increase the quantity, 

quality and diversity of functions. For example, 

a lawnmower that cuts more grass more evenly 

provides more functionality. The simple 

mechanical push lawnmower added an engine 

to increase the speed of cutting grass. 

Collectors were added to gather cut grass to 

increase the diversity of functions. The second 

is to reduce the monetary cost, any resources or 

materials, the number of components, the 

amount of space or time used and/or eliminate 

any harmful or undesired effects. Increasing 

ideality can occur within the paradigm of the 

existing system, through radical changes, or by 

changing the underlying principle of operation 

of the system.  

The Law of ideality states that any 

technical system, throughout its lifetime, tends 

to become more reliable, simple, effective – 

more ideal. Every time we improve a technical 

system, we nudge that system closer to ideality. 

It costs less, requires less space, wastes less 

energy, etc. ideality always reflects the 

maximum utilization of existing resources, both 

internal and external to the system. The freer or 

readily available the resources utilized, the 

more ideal the system will be [6]. 
The trend towards ideality drives the 

development of technical systems. The basic 

hammer developed into a claw hammer which 

added the function to remove nails by as well as 

drive them in. the Swiss Army knife develops 

by adding a greater number of functions. 

Computers increased the number of software 

applications. Originally used for performing 

data calculations, computers are now used to 

communicate and provide entertainment while 

using less space and at less cost. The trend of 

increasing ideality is driven by basic 

economics. We want more for less. Systems 

with more value in a competitive economic 

system will survive and prosper. 
The ideal system is one for which 

functionality is infinite and the cost payments 

factors are zero. An ideal system can perform 

any and all functions free of charge. Of course 

there is no such thing. Some systems, however, 

have zero cost. For example, if a have a 

projector and I need a screen to project the 

image into, I could buy a screen. But if a wall 

was available, the image could be projected 

onto the wall at zero cost. The wall is ideal 

screen. The functionality of the screen was 

obtained for free by using an existing resource. 
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Cost is minimized when existing resources can 

be used, or there are minimal changes to the 

system. Using available existing resources is a 

method TRIZ uses to try get closer to creating 

an ideal system or solution. 

The concept of ideality itself can be used as 

a creative thinking tool. As part of our problem 

solving process we consider the ideal system 

and the ideal solution. Brainstorming ideas at 

an early stage of the problem solving process 

using the concept of the ideal system and the 

ideal solution releases significant psychological 

inertia to provide innovative ideas of solutions 

or re-direct thinking. 

 

 

3. TRIZ TOOLS 
 

TRIZ tools are not typically organized into 

a step by step process. Instead TRIZ is usually 

presented as a set of disparate tools that are 

selected by the problem solver depending on 

the problem and situation. Inexperienced TRIZ 

users find it difficult to decide which TRIZ 

tools to use and when to apply them. 

Process of problem solving approach 

depends on the problem and of the experiences 

and knowledge of the researcher. This 

acknowledgement is important, because a lack 

of knowledge has a significant effect on the 

design-related uncertainty of the product.  

General problem solving approach consists 

of the following 3 steps, Figure 2 [7]:  

 problem identification,  

 problem solving, 

 concept substantiation.  

A lack of systematic approach in problem 

solving can result in a high risks and potentially 

decrease our efficiency in innovation process. 

There is no traditional standard TRIZ process 

that leads us from the beginning of a problem 

solving process to the end. That is from 

problem definition to implementation and 

validation of the solution. In order to 

systematically apply TRIZ, we must organize 

the tools into a sequential process that we can 

use repeatedly for all technical creative 

problems from start to finish.  

 

 
Figure 2 - TRIZ approach and tools [7] 
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It is not good idea to start to solve a 

problem by using TRIZ. Radical creative 

thinking should be used after logical thinking 

based on experience is applied. At the 

beginning we have to find key problem, which 

has to be solved. Well defined problem is 

usually already half of work done to problem 

solution. Later on we start with TRIZ. If we 

know the direction of problem solution, than 

we use tools such as ARIZ, cloning, inventive 

principles (Figure 2 below in problem solving 

area). If we don’t know problem solution yet, 

we use tools such as standard solutions, 

function oriented search, scientific database 

(Figure 2 above in problem solving area). At 

the end we confirm concept, check solution and 

if secondary problems may occur and 

possibility for use on detected problems is 

checked. 

 

3.1 Inventive principles 

 

The 40 inventive principles are the most 

known and easiest TRIZ tool. Inventive 

principles are result of Altshuller patent 

database analysis (200.000 patents were 

examined and analyzed). Altshuller isolated 

40.000 patents which were actually innovative 

and out of them he detected 40 basic principles, 

Figure 3. 

This list is one of the most important TRIZ 

tools. We use it for 2 basic types of problems:  

 for technical or engineering contradictions 

(together with contradiction matrix), and  

 for physical contradictions (together with 

separation, satisfaction and bypass 

principles). 

 

 
Figure 3 - 40 inventive principles [6] 

 

Because it's very difficult to solve 

contraries are we in everyday life usually 

prepared to accept compromises. This attitude 

often isn't successful. If we, according to 

Altshuller, don't solve contradiction, than we 

can't develop innovations. 

An example of technical contradiction is: 

''If the table is thick, it's stable, but at the same 

time it's heavy.'' One parameter is improved 

(stability), but other one (mass) is less 

acceptable. Technical contradictions can be 

solved with the tool called contradiction matrix, 

which includes 39 parameters. For each 

combination of improvement parameter and 

worsening parameter are from the list of 40 

inventive principles suggested a few (0-4) 

inventive principles, which were in the past 

already used for solutions of similar problems.  

An example of physical contradiction is: 

''If table is thick, than is stable and if the table is 

thin, than it's lighter.'' Table has to be thick to 

be stable and thin to be light. In this case we 

can use only one parameter, which has to be in 

two opposite conditions. Physical 

contradictions can be solved with the tool 

called separation. For each tool which helps us 

to solve physical contradiction, exist 

recommendations how to use inventive 

principles, based on their successful use in the 

past. 
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Technical contradictions are derived from 

physical contradictions. In other words, at the 

heart of every technical contradiction is hidden 

a physical contradiction. It looks like this: one 

part of a technical system should have the 

characteristic “A” to perform a certain action, 

and it should also have the contradictory 

characteristic “anti A” to perform the opposite 

action. A technical contradiction usually relates 

to the whole system, or to several parts of the 

system. A physical contradiction relates only to 

one part of the system [2]. 

 

 

4. CONCLUSION 
 

In many companies exists a need to use a 

method to manage innovation projects. Many 

requirements from the market are forcing us to 

use systematic innovation approach. 

Innovations are not a result of coincident 

activities. New systematic approach at 

innovations is taking place. Systematic 

innovations are required. The best tool 

supporting systematic innovations today is 

known as TRIZ. It gathers methods, tools, 

thinking, approaches and advises how to solve 

problems. Main advantages of TRIZ are:  

 mini problem is translated into technical 

contradiction; 

 empowerment of contradiction; 

 defining space, time, physical resources; 

 defining ideal end stage; 

 defining physical macro contradiction; 

 the use of resources to find solution; 

 Analytical approach helps us to define 

main problem and transfer it into 

contradiction. TRIZ help us to define 

proper problems and direct us to the 

solutions. 

 Scientific background: TRIZ is based on 

the research of more than 200.000 patents, 

and tested on the more of 1.000.000 

patents. Inventive principles present very 

concentrated acknowledgements of 

Altschuller research. 

 Innovation methodology and evolutions: 

innovations are a result of systematic 

activities. Technical systems are 

developing as S-curve evolution. 

Technical evolutions are the basis of TRIZ 

which can be used also for strategic 

decision. 

 Development of creativity is necessary for 

innovations. TRIZ is supporting creativity 

at problem definition and problem solution 

development. 

It should be noted that the tools of TRIZ 

are not only useful to engineers and scientists 

but may be used by anyone who wants to think 

creatively. Many TRIZ tools have also been 

adapted for use in business applications and 

could be used to develop new software 

applications. 

Systematic innovation based on TRIZ 

considers many aspects of problem solving. 

TRIZ is not replacement for creativity but 

useful tool which supports us to faster find 

better solution. 
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