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Abstract

It is sometimes more important to identify the 'right' problem than the problem solving itself. First step is to ask a lot of questions about the system and thus gather all relevant data. Simpler problems show up as harmful or inefficient cause-effect relationships. More difficult problems, however, are manifested as complex relationships between parameters that are riddled with conflicts or contradictions between different performance measures. While most quality tools aim at achieving acceptable compromises, innovative or inventive methods attempt to analyze and eliminate the contradiction. TRIZ, a Russian acronym meaning "Theory of Inventive Problem Solving", consists of several tools to eliminate contradictions by suggesting several alternate solution concepts by considering an Ideal Final Result, available resources, and well documented patterns of evolution of technical systems.

The questions we need to ask are "who?", "what?", "when?", "where?", "why?" ("Ask WHY 5 times -- W.Edward Deming),  and "How?". This is generally referred to as a phrase " 5W's and an H ". This paper describes the " 5W's and an H " of innovation to find the contradictions and the harmful effects.

This paper describes the basic TRIZ philosophy underlying various TRIZ tools and techniques, to analyze, extract, and eliminate contradictions and harmful effects and generate innovative solution concepts. TRIZ and TRIZ-based software are easy to understand and apply  to real problems - the TRIZ provides a systematic approach to determine which tool is to be used and the software provides a large knowledge (patent) database of 40-Inventive Principles, over 200 Standard Solutions, over 20 Patterns of Evolution, and over 1000 Scientific Effects to solve the problem in an innovative way.

Further, TRIZ is compared to other 'creative' tools like brainstorming, de Bono's Lateral Thinking etc. The paper also briefly points to the synergy between innovative TRIZ and two of the most important quality tools viz. QFD and TAGUCHI methods. 
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Abstract: TRIZ, a Russian acronym meaning "Theory of Inventive Problem Solving",  is emerging as a powerful problem solving and inventive methodology. This paper describes the basic TRIZ philosophy underlying various TRIZ tools and techniques, to analyze, extract, and eliminate contradictions and harmful effects and generate innovative solution concepts. The " 5W's and an H " of innovation is aimed at finding the contradictions and the harmful effects. The TRIZ tools are then used to eliminate the contradictions and harmful effects. Further, TRIZ is compared to other 'creative' tools like brainstorming, de Bono's Lateral Thinking etc. The paper also briefly points to the synergy between innovative TRIZ and two of the most important quality tools viz. QFD and TAGUCHI methods. 
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A.  Introduction  to  TRIZ:  

TRIZ is a Russian acronym meaning "Theory of Inventive Problem Solving". Geinrich S. Altshuller, while working as a young man of 20 at the patent office attached to the Russian Navy, was struck with a thought that may be "technological systems evolve in  accordance with some objective laws". He started to search the patent database (Russian as well as western countries) with a view of finding the basic methodology which so many inventors follow to invent what has not been invented yet! From 1945 to 1965, he and his colleagues, went through 200,000 patents, selected 40,000 most inventive patents, stripped each of them of the words (jargon) related to the subject matter details, to get to the real problem definition and the basic principles the inventors had used to solve them. 

The main findings of this study were as follows, 

(1) Contradictions and Inventive Principles:

Firstly, the problems were always defined as a conflict (or contradiction) between two parameters, one improving and the other worsening. The number of parameters were found to be a set of 39 engineering parameters in all. So, every problem could be described as a conflict between a pair of parameters (2-out-of-39 parameters). Many patents had, in the past, solved these individual conflicts - in several different fields and over and over again, sometimes spaced several years apart. Only 40 inventive principles were used to resolve these contradictions fully, and not as a trade-off or compromise. Altshuller argued that if these earlier results were known to the latter researchers, they would have solved their own problems with more ease. He, therefore, set about to extract and to organize the frequently occurring contradictions and the principles of the resolution of these contradictions. He put it in the form of a matrix of 39-improving parameters and 39-worsening parameters (39 X 39 matrix) with each cell entry giving the most often used (up to 4) inventive principles. This matrix is known as the "CONTRADICTION MATRIX" and remains to be the simplest and the most straightforward of TRIZ tools. Contradiction matrix and examples  (corresponding to each inventive principles) forms the first of the knowledge databases of the TRIZ.    

(2) Levels of Inventions :

Altshuller, while researching 200,000 patents found that patents encompassed a very broad range from very ordinary to extremely inventive. He classified them in 5 levels, which he called "Levels of Inventions", 

Level 1: Apparent 

An obvious extension of your own knowledge of existing techniques.

Level 2 : minor improvement

 Achieved by using knowledge within your company 

Level 3 : major improvement

 Achieved by using knowledge within the industry

Level 4 : A novel change or a new paradigm

 Bringing in knowledge from another field 

Level 5 : Discovery of a new phenomenon

 Fundamental research leading to new finding with no immediate application

Level 1 and level 2 fall into 'routine' improvement category. Level 3 involves major modifications and could be termed as 'innovative'. Level 4 uses knowledge from other fields that has not been used in your field earlier and is termed as 'inventive'. Level 5 is of course called as 'discovery'. TRIZ methods help address issues at the levels 2, 3 and 4. 

(3) Trends of Evolution of Technical Systems:

Altshuller, while compiling the data for the contradiction matrix, also found that evolution of various technical systems was not random but in fact followed objective laws. He found that evolution of any system could fit into one of the 8 specific patterns. The underlying guiding principles behind this evolution were that "every system evolves towards increasing ideality" and "evolution continues at the expense of system's own resources". Contemporary TRIZ software has an Evolution Trends database containing over 20 trends and 200 lines of evolution with examples from different processes and products. Altshuller established 8 patterns of technical system evolution, which are given below

1. Life cycle
2. dynamization

3. Multiplication (bi- or poly-systems)

4. Transition from macro to micro level

5. Synchronization

6. Scaling up or down (super- or sub-system)

7. Uneven development of parts

8. Replacement of human (automation)

(4) S-Field model and Standard Solutions :

Another important contribution by Altshuller was concerned with the model of a technical system function. He found  that every technical system consists of components that satisfy some requirements. The system requirements can be defined as functions, which in turn can be defined as interaction between substances and fields (or energy sources). He determined that functions could be broken down to simpler functions till finally we are left with 2 substances and a field. This is represented as - "tool" "acts" on an "object". The tool and object are materials and action is carried out by fields (or energy). He stated that this is the simplest representation of the function and it can not be further divided. The model is called as Substance-Field model or in short S-Field model or Su-Field model. It can represent either 'useful' action or 'harmful' action. A straight solid arrow shows a 'useful' action and a wavy arrow indicates a 'harmful' action (see fig. 1 below). 


Improvements in (partly) useful actions and elimination of harmful actions are considered for problem solving using the S-Field model. Each modification performed on S-Field model and its entities, is like a transformation of the system. Altshuller proposed that system improvement ideas could also be borrowed from analogous system having similar S-Field model and its transformation examples from patent literature. These he termed as "STANDARD SOLUTIONS". He identified 72 standard solutions based on basic variations and modifications in substances and fields of a S-Field model. In the TRIZ software available today, there are more than 200 standard solutions and each having several examples from technology and patents in different fields. This is referred to as Standards database or prediction database.  

(5) System of Systems and Resources:

Altshuller describes every technical system as a 3 level hierarchical system: base system, subsystems and supersystem. Any technical system can be thought of as one that delivers certain technical functions. Every base system, therefore, consists of subsystems that provide a variety of functions. The subsystems can be thought in terms of parts, components etc. going all the way down to particles, molecules, atoms and so on.  Further, every base system belongs to a supersystem, going all the way to environment. He outlined the process of system evolution as one that is primarily due to improvement in some system part reaching its pinnacle, and thus creating a conflict with not so developed system part. This motivates improvement of a succession of less developed parts. This happens by utilizing system's available resources and the improvements continue till these resources are fully utilized. The system will then reach its ideal final form. Further development of the system function is possible only by addition of new system components which bring along  with them additional resources. Thus, Altshuller concluded that the progress towards ideality is closely linked to the utilization of available resources. 

(6) Scientific and Technical Effects:

From 1965 onwards, Altshuller and his followers studied the synthesis of functions as depicted by the S-Field models. When system requirements are broken down to the simplest S-Field models, it is then necessary to realize or implement these using only the available resources. This particular constraint (that only available resources have to be used) requires many non-obvious, innovative ideas for implementation of the desired function. Altshuller developed an abstract model of scientific effects in which an effect is described as the interaction between two or more parameters, under certain operating conditions, which results in a specific level of output parameter. So, in a sense, an effect is a (non-linear) operator which operates on input (set of parameters) and delivers output (set of parameters). He set about creating an effects database which was to be organised "from technical goals to means of realization". This he had to do afresh as conventionally scientific effects were always organized either subject-wise or by the name of the scientist or inventor. An inventor who needs to realize a specific function, say move an liquid, had look into different fields of physics, chemistry etc or search patiently by names of people associated with similar effects. The task is made very difficult as the inventor may not even know anything of fields other than his own! Thus, during 1965-70, a large database of effects was compiled by Altshuller which is classified according to the basic goal and the means which achieve them. It is now easy for the inventor to first determine what basic function (S-Field model) he needs  and then to look into Effects database for possible innovative solution concepts for realization of the same. 

(7) ARIZ - Algorithm for Inventive Problem Solving:
    Altshuller wanted to make the process of inventive problem solving as familiar to contemporary inventors as possible. He therefore set about formulating a step-by-step procedure that one could follow to solve problem which contained 'contradictions' (in agreement with his definition of an inventive problem). This procedure contains following tasks. Of course, the first task would be to identify the problem itself!

STEP 1 : Identify and Formulate the problem : Identify technical or physical contradiction 

STEP 2 : Make  S-Field Models of the system parts that have problem 
STEP 3 : Make a list of the available resources (of the system, subsystems and the supersystem)

STEP 4 : Formulate an Ideal final result and define ideality
STEP 5 : Resolve Technical or physical contradiction by using inventive or separation principles 

or

STEP 6 : Starting from the S-Field model, Generate several solution concepts using 

                           
( the knowledge-base of Effects 

( the knowledge-base of Standards  

STEP 7 : Implement solutions by using only the free available resources of the system

STEP 8 : Analyze the modified system to verify that no new drawbacks appear

ARIZ evolved during 1970-85 under the leadership of Altshuller and ARIZ-85c is a well advanced TRIZ tool which can used even for problems which do not have explicit contradictions and are yet very difficult ones to solve. In this case, Altshuller's advice was look for the underlying physical contradiction and try to solve the same using advanced TRIZ concepts like intensification of physical  contradiction, analysis using S-Field model and system transformations. 

B.  Problem Solving using TRIZ tools :

TRIZ consists of 5 problem solving tools. These are listed below,

1.   (Inventive) Principles to solve technical contradictions (the contradiction matrix)

2. Separation (Principles) to solve Physical contradictions (using available resources)

3. Standards for transformation of technical systems (for improvement in useful function and eliminating harm)

4. Scientific and Technical Effects (for synthesis of functions)

5. ARIZ - Algorithm to solve a (complex) inventive problem (with no explicit contradiction)
Although TRIZ consists of several tools, the heart of TRIZ lies within the keywords

1. System Contradictions 

2. Trends of Evolution 

3. Ideal Final Result and Ideality

4. System Resources

The first and the main task in inventive problem solving by TRIZ still remains to be the toughest one - to identify and formulate the problem. The purpose of this paper is to concentrate on this aspect and yet cover the 4 top issues that were listed above as "heart of TRIZ"  - namely Contradictions, Evolution, Ideality and Resources. The methodology adopted in this paper for doing this is simple -  ask many questions till we get the answer. Like W.E. Deming has once said "Ask why 5 times", below I have compiled a list of questions one ought to ask to get the right answer. Questions we usually ask begin with 5 W's "Who?", "What?", where?, "when?" and "why?". The last one, "why?" is asked repeatedly till we get the answer! To complete the sequence of questions we need to add one more question starting with "how?" in an effort to find a possible answer or solution to the problem. I will therefore use a phrase "5W's and an H" first to identify the problem and then to provide a possible solution to it. Below I give a compilation of "5W's and an H" as used for each of the TRIZ keywords given above.

1. System Contradictions :

We begin with " 5W's and an H " of Innovation. Ask these question of every system so that the system function and problem is identified.

W1.  Who has the problem?

W2.  What does the problem seem to be? What are the resources?

W3.  When does the problem occur? Under what circumstances?

W4.  Where does the problem occur?

W5.  Why does the problem occur? What is root cause?

And

H1.  How  does the problem occur?  How can the problem be solved?

1Q.  Who has the problem? : This clearly identifies the person connected with the problem. He could be one who is using the final product or anyone in the line-up of concept-to-market or a person at any of the product Life-stages (listed below),


stage 1:  manufacture


stage 2:  packaging


stage 3:  storage


stage 4:  transportation


stage 5:  installation 


stage 6:  operation / use


stage 7:  maintenance


stage 7:  repair

2Q.  What does the problem seem to be? What are the resources? :

      Problem specification,

     1.  Try to specify a conflict/contradiction 

               -- as a technical contradiction or as a physical contradiction

     2.  Try to specify a harmful action/interaction/effect

     3.  Try to specify an inefficient useful action/interaction/effect

     Determine what is a possible remedy by using a TRIZ tool (keeping track of the resources): 

     1a.  Technical Contradiction :  use Contradiction Matrix 

                   (39 parameters and 40 inventive principles)

     1b.  Physical Contradiction : use separation principles

                   (space, time, structure - parts/whole, on condition)

     2.   Harmful action/effect : use direct or indirect elimination

                   and standard solutions

     3.   Inefficient useful action/effect : use standard solutions

                   and scientific effects

3Q.  When does the problem occur? Under what circumstances?

Determine whether 


--  Time of conflict     is    before     Time of operation


--  Time of conflict     is    during     Time of operation


--  Time of conflict     is    after        Time of operation

Determine what are the available time resources 

Possible remedy using a TRIZ tool :  


--  Use “separation-in-time” principle for eliminating physical contradiction 

4Q.  Where does the problem occur?

Determine what is the zone of conflict

     >> where is the zone of conflict in relation to the Zone of operation?


--  zone of conflict     is    in    the      Super-system 


--  zone of conflict     is   same   as   zone of operation


--  zone of conflict     is    in    the      Sub-system 

Determine what are the available space resources 

Possible remedy using a TRIZ tool :  


--  Use “separation-in-space” principle for eliminating physical contradiction 

5Q. Why does the problem occur? {“Ask WHY5 times “ - W. E. Deming} :

Identify the ‘function’ that creates/leads to the problem :

         
Identify 2 substances  ( “tool” and “object” ) and  1 field  (energy, enabling, acting force)

Is “tool”, “object” or “field” causing the problem? 

Determine what are the available substance/field resources 

Possible remedy by using a TRIZ tool:
     1.   Harmful action/effect : use direct or indirect elimination

                   and standard solutions

     2.   Inefficient useful action/effect : use standard solutions

                   and scientific effects

1H.  How does the problem occur?

Keep asking  “ How? ”  till you reach the ‘root cause’ of the problem

" 5W's and an H ”  leads to a clear understanding of the problem along with  the ideal final result, the resources available and the possible TRIZ tools to solve the problem.
5 W’s for Harmful Effects :

1. Who is affected by the harmful action? 

2. What is the result of the harmful action?

3. When does the harmful action occur? (time of problem)

4. Where does the harmful action or effects appear? (zone of problem)

5. Why does the harmful action occur? (root-cause of the problem)

Correcting Harm : 

(  There is a harmful action                 


(    Eliminate the action (modify  “tool” or ”field” )

(  There is a (known) cause of harm   


(    Eliminate the cause (at micro-level)

(  There is a harmful effect                  


(    Eliminate the effect (mask/protect the “object”) 

Correcting Harm by trimming a connected useful action :
1.  Eliminate a harmful action : (direct elimination, trimming)


 ( by giving up a connected useful action, and assigning the useful action to another system component

3.  Eliminate a harmful action : (indirect elimination)


 ( Find an alternate way to perform a useful action,


     which does not have any harmful action
Innovative System / Situation Questionnaire

Even if one knows what is the problem, it is still a good idea to ask all the relevant questions. Because it is important not to miss any aspect of the problem. The questions given below form the starting point of TRIZ application of the software by Ideation International.

1. Name the system and its primary function

2. What is the current and desired system structure?

3. How does the system execute the primary function now?

4. What is the operating environment?

5. What are the available resources and natural phenomena?

6. What are the problems or opportunities?

7. What mechanism contains achievement? History.

8. Can a substitute problem be solved?

9. What system changes are allowed, prohibited?

10. What time, money, people issues constrain solutions? Previous attempts? Solved elsewhere?

2. Trends of Evolution :

Ask 5W’s to identify the Stage of Evolution :

1. What is main function of the system? 

    What parts are needed to synthesize the required function? 

2. How to improve the parts? 

    Or How have the parts improved (in the past)? 

3. How to dynamize the parts? 

    Or How have the parts dynamized (in the past)? 

4. How to control and hence automate the function?

5. How to provide resources to the system for self-development?

4 Stages of Evolution are;

I.    Synthesis,  

II.   Selection and improvement of parts,  

III.  Dynamization of parts,  

IV.  Self-development of parts
Ask 5W’s to help Identify “Parts of a Technical System” :

1. What is the source of energy? 
             

(called “Engine”)

2. How is the source connected to the output?     
(called “transmission”)

3. What are the parts that do the “work” ?            
(called “limbs”)

4. When/Where to control the limbs?                    
(called “Controls”) 

5. How to provide consistency / reliability to actions of the limbs?

    Through engine, or transmission, or limbs, or controls? 

4 Parts of a Technical System are;

I.    “Engine”
II.   “Transmission”
III.  “Limbs”
IV.  “Controls”

3. Ideal Final Result (IFR) and Ideality :

Ideal Final Result is very useful concept as it , 

1. gives an implementation-free description (after the problem has been solved)

2. focuses  on functions needed  (and not on the currently used processes and / or equipment)

3. eliminates rework (by solving the ‘right’ problem the first time itself)

4. leads to breakthrough thinking (about the solution and not inhibited/hindered by intervening problem) 

IFR has the following characteristics,

1. Eliminates the deficiencies of the original system

2. Preserves advantages of the original system

3. Does not make the original system more complicated (uses free or available resources)

4. Does not introduce new disadvantages

The main advantages of IFR are 

1. Encourages Breakthrough Thinking (eliminates / avoids psychological inertia)

2. Inhibits move to less ideal solutions (rejects compromises)

3. Clearly establishes the boundaries of the solutions

Ideality as a measure of progress towards IFR:

One of the basic findings of TRIZ is that “Systems evolve towards increased ideality”, where ideality is defined as

                     

        ( Benefits


     Ideality  =  

     
                           ( Costs  +   ( Harms

Evolution is always in the direction of  increasing benefits, decreasing costs, and decreasing harm (so as to give increased Ideality)
Ask 5W’s to help formulate IFR :

1. Who has the problem? 

(person connected with a life-stage)

2. What does the customer want? What is the ideal function?

    



(think of some implementation-free (ideal) solution)

3. When does the problem occur? 
(time of conflict)

4. Where does the problem occur? 
(zone of conflict)

5. Why does the problem occur? 
(root-cause of the problem)

A new set of 5 questions to formulate IFR :

1. What is the final aim?

2. What is the ideal final result?

3. What are the obstacles to achieving this?

4. Why do (these) obstacles interfere?

5. How would this interference disappear? Under what conditions?

4. System Resources :

Engineering Design : Michael French (1994) specifies three different kinds of medium to be of importance, 

materials, energy and  information.

Learning Organizations : Peter Senge (1995) mentions the importance of a human and financial resources for organizations

Humans Resources and Financial Resources

TRIZ: Zlotin and Zusman (1989) consider the following types of resources for a technical system: 

Substances, Energy Resources, Space Resources, Time Resources, System resources, Function Resources, Information 

In TRIZ, a system is considered as a “system of systems” i.e.  a “hierarchical system” consisting of supersystem, base system and the subsystems. Thus, all available resources of supersystem, base system and the subsystems are taken as “resources” of the system.

Ask 5 questions to find Resources

Q1.What are the Substance resources?  – any available material within the system or system’s surrounding, which can be used.

Q2.What are the Energy Resources? – any sources of energy available within the system or system’s surrounding, which are not used fully.

Q3.What are the Space Resources? – any unused space. 

Q4.What are the Time Resources? – any time slots in between, before or after technological processes, that have not been used fully. 

Q5.What are the System resources? – new useful features of the system, which can be obtained by changing relations between parts of the system. 

5. Scientific Effects : 

Ask 5W’s to describe “Scientific Effects” :

1. How can one use / or receive the specific effect? 

    (required conditions that the tools, objects, and fields must satisfy)

2. How can one eliminate /or inhibit the outputs of the specific effect? 

    (Identify an anti-effect that can “correct” harm in part or full)

3. How can one control the input parameters (and hence the output) 

    of the specific effect?      ( continuous or discrete levels? )

4. How can one join this effect with another effect? 

    (in tandem, in parallel)

5. How can one measure the input and output parameters of the effect?

    (direct or indirect measurements)

Finally, we have questions which will clearly answer as to what we expect if we apply the innovative TRIZ tools for solving problems,

 What issues will be addressed?

1. How to define problems in the complex practical situations?

2. How to develop breakthrough concepts of solutions? 

3. How to overcome psychological inertia and direct the creative effort towards most promising solution?

4. How to replace tradeoffs with real solutions that satisfy all conflicting requirements?

5. How to maximize utilization of available resources?

6. How to visualize future evolution of the product or process?

7. How to prevent possible (future) failure?

C. TRIZ and other 'creative' tools :

As TRIZ solves engineering problems in an inventive way it is appropriate to compare it with other 'creative' tools like brainstorming, de Bono's Lateral Thinking etc. which are widely used in business problem solving.

TRIZ and Brainstorming :

Brainstorming is a free-for-all-ideas session, generally aimed at encouraging out-of-box thinking mode. The main condition of the brainstorming session is that criticism on or about any new idea is forbidden. All participants are only required to give their own new suggestions and they are not to dwell on other's ideas. TRIZ uses similar technique once the problem has been defined with the help of a S-Field model. Solutions concepts from all fields are to be considered as equally likely for each of the possible system transformation. Any transformations that utilize the resources best and lead closer to the ideal final result are to be evaluated for implementation.

TRIZ and de Bono’s Thinking Hats :

Edward de Bono proposes to use 6 thinking hats to switch on and off the 6 thinking modes, so that the problem is looked at from all possible aspects. Below is given a comparison between TRIZ and thinking hats,

      Color of Hat
Thinking mode 

TRIZ analysis/problem solving

1. White Hat :

(facts)



(identify and formulate the problem)

2. Red Hat :

(emotions)


(analyze the problem)

3. Black Hat : 

(negative judgement)

(evaluation/selection)

4. Yellow Hat :

(positive speculation)

(several possible solutions)

5. Green Hat :

(creativity)


(many solutions from other fields)

6. Blue Hat : 

(control of thinking)

(implementablity)

TRIZ especially helps “green hat” thinking mode by generating many “new ideas” when confronted with engineering problems.

TRIZ and Lateral Thinking :

Edward de Bono proposed to use 6 lateral thinking methods to provoke “creativity”

    Thinking modes
          Example

  
    TRIZ's creative features

1. Escape

(what others take for granted)
(remove all jargon)

2. Reversal   

(reverse the current direction)
(instead of improving, eliminate harm) 

3. Exaggerate 

(normal measurements)

(TDC operator - time, dimension, cost)

4. Distort process
(A-B-C-D becomes B-A-C-D)
(intensify conflict)

5. Wishful thinking 
(wouldn't it be nice. . . )

(think of ideal system)

6. Random word
(association, Ex. gold - mine)
(an 'action' with effects database)
Synergy between QFD, Taguchi and TRIZ :

The paper also briefly points to the synergy between innovative TRIZ and two of the most important quality tools viz. QFD and TAGUCHI methods. While QFD and Taguchi methods have originated in Japan, TRIZ has originated in Russia (earlier USSR). 

QFD concentrates on “what the customer wants?” Thus, it really defines the “Functional Requirements” (FR’s), without actually concerning directly with the question : “how these FR’s are met and which technology is used?”. The "house of quality" does, however, qualitatively shows the gaps between organization's capabilities and customer requirements. QFD’s “house of quality” can be used to point out conflicts and the parameters that conflict. This can be directly used by TRIZ’s Contradiction Matrix to eliminate the conflict.

Taguchi methods are experimental statistical methods to optimize a given process technology with respect to an objective function defined as 



Variance is in fact reduced in presence of  noise (variations in the control parameters of the process) and thus the product/process becomes “robust” and “low cost”. It is primarily an optimization technique and suggests “optimum” parameter settings for best results. However, should there be trade-off situations, the ANOVA plots point to the situations requiring “trade-off”. This occurs when two or more process parameters have conflicting effect on two distinct desired characteristics (technical contradiction) or when low and high levels of one single parameter result in improving one desired characteristics while the middle level gives worsening characteristics (physical contradiction).

The Taguchi method thus points out clearly the technical and physical contradictions and thus helps TRIZ in the sense of identification of the problem becomes easy. TRIZ tools can then be applied to resolve the contradictions. Exactly in the opposite way, the innovative solution concepts of TRIZ can be verified, evaluated, implemented by planning an experiment where parameter settings can be optimized and best process can be selected.

Thus, the synergy between QFD, Taguchi and TRIZ can be utilized for developing future products, right from conception to market. 
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Fig.1  S-Field model (showing 'useful' and 'harmful' action) 
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