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Summary

This thesis describes a new advanced avenue of TRIZ evolution. It can be considered as a follow-up to function-oriented search (FOS) with new information analysis and solving capabilities added. 

The key purpose of FOS is searching for a solution to problems similar to the existing problem by the function performed or the contradiction.

The key goal of action-problem oriented search (APOS) is seeking solutions to problems similar to the existing problem by the impact of the engineering system (ES) on its object, by the interaction (physical, chemical, informational or biological etc.) between them or the interaction within a conflicting pair in ES.

 APOS offers solutions to the key methodological problems: provides a system of definitions and a clear implementation algorithm. The basic ideology aims at gradually narrowing the search area. 

APOS has expanded the FOS paradigm: it is no longer just a search method but a search-analytical-resolution method that can be applied virtually at all stages of TRIZ consulting projects including those involving a search for hidden parameters of customer value of products and new market niches. The systematic application of APOS in a project results in a systemic effect.   

The key super system results of APOS development for TRIZ are as follows:

· Availability of an advanced IT-oriented methodology that is operational even without developing custom software; 

· FOS is now provided with a substantial impetus for its evolution;

· A foundation is created to develop a common approach to the synthesis of new systems based on the known ones;

· Some of the APOS ideas have been successfully implemented in pilot software products. 

Relevance of the Subject of Research

The issue of a search for and use of similar solutions was originally raised by G. Altshuller however it was not supported by a proper methodology for a long time. Subsequently, S. Litvin expounded this approach in new more robust and serviceable paradigm thus giving rise to the concept of function-oriented search (FOS).

The generally accepted FOS ideology in general terms is as follows: 

· it is necessary to identify the area leading in the performance of the function concerned while preferably it should be far-off the defined one (located off the Customer’s outlook);

· the “best fit” solution needs to be identified that could be successfully adapted to the problem being solved, or a problem to solve should be formulated using, for instance, the feature transfer method (synthesis of alternative systems). 

FOS is highly relevant because it aims at using a ready-made resource – a great number of existing engineering systems and engineering solutions for tackling engineering problems. In long term, it could significantly reduce the labor costs in the search for new solutions. However this target is difficult to achieve. 

The FOS methodology developed up to the moment lacks adequate tools. This is true about both the identification of the leading areas and the search for a proper concrete prototype. In some cases it proves unrealistic to practically implement FOS due to a huge number of links to specific documents obtained. It is too difficult to select helpful search results from a large number of documents. In addition, identifying the “best fit” solutions is still methodologically problematic. All of the above is due to a number of reasons:

· a huge number of areas of human activity

· huge volume of information in each of the above areas

· differing specificity of solving similar problems in different areas

· lack of representative databases organized according to the functional principle.

That is why up to date, despite the availability of a common ideology, the practical implementation of FOS includes elements of “art” while its results strongly depend on the analyst’s experience and skills. 

For the same reasons FOS applications have been a success mainly in validating the solutions already identified.   

The deficiencies of search and analysis tools also resulted in the lack of adequate follow-up provided to a number of methodologies developed within TRIZ in their time. For instance, a number of brilliant papers published were devoted to analog-based system synthesis. However none of them offered a solution to the crucial problem of applicability of the approaches proposed – no answer was provided to the question of “how to look for the analogs.” Probably for the same reason it proved impossible to take the next methodological step and come up with a general methodology for synthesizing new systems based on the known ones. 

This thesis paper describes a method of Action-Problem Oriented Search (APOS) that provides fundamental and specific answers to all of the above issues.

Primary Research Goals and Tasks 

The stated goal fitted the purpose of solving problems of FOS, described above. In short, this goal is as follows:

· develop an efficient reproducible methodology for searching for such an ES which solves a problem similar to one typical of the ES under research, while   

· the problem solution in the ES identified is adaptable for the ES under research. 

Doing this, the very important aim should be gained:

· to decrease essentially the amount of the documents to be studied;

· simultaneously, reducing the probability of loosing relevant documents and thus, potential solutions. 

The result expected: all this should significantly increase the search efficiency, that is reduce labor consumption but, at the same time, provide for truthfulness of the obtained results.

Feasible Goals Achieved 

1. All of the goals defined in the previous section have been achieved.

2. A number of methodological and systemic super effects have been obtained that are vital for developing: 

· search and analysis techniques in TRIZ (in particular, FOS as well as information research methods in patent databases, search of hidden undesired effects and contradictions, search and analysis of ES parameters of consumer value etc.);

· analytical solving techniques, namely, methodological approaches to developing solution portraits and generating new systems based on known solutions;

· roadmaps for implementing innovation projects;

· system-oriented approach to the implementation of innovation projects;

· computerization of solution analysts’ work.

Research Techniques

A number of approaches have been used to carry out problem research – methodological problem situation.

1. Analysis of the process and practical results obtained through the use of available information search methods available including FOS.

2. Peer surveys aimed at enquiring into the peers’ experience of tackling similar methodological problems. 

3. Induction technique of analyzing the methodological problem situation – testing a methodological concept based on a case study for specific engineering problems at each stage of the methodology development process; analyzing the process and the result; proposing new ideas and modifying the method used at the stage concerned; analyzing the process and the result again etc. – followed by iterative return until the stage results prove satisfactory. 

4. Deduction analysis technique – testing the general ideas proposed on the basis of case studies. Iterative return to the previously elaborated stages if the expectations do not come true.  
5. Transfer of the end results obtained to other TRIZ and innovation projects problems to address methodological tasks not set forth originally.

Scientific Originality of Research 
A series of methodological innovations have been generated as a result of the research:

1. Key methodological innovations of APOS

1.1. It is proposed to use the International Patent Classification (IPC) for the purpose of classifying the types of human activity to identify the leading and far-off, with respect to the activity under examination, fields of such activity.

1.2. It is proposed to use an IPC based distribution of patent application activity as a basis for the analysis.  

1.3. A method is proposed to identify specific search areas (leading and far-off) according to the problem being tackled. 

1.4. An ideology of gradually narrowing the areas of solution search is offered.

1.5. While developing the method, a unified conceptual framework was developed to ensure a unified analysis logic and the unambiguity of all steps of the methodology. Particularly, definitions of leading and far-off fields etc. are provided. 

1.6. A detailed and reproducible algorithm for implementing the proposed method is developed.

2. Key methodological super effects of the research project 

2.1. Expanded FOS paradigm:  APOS serves not only as a search tool but also as an efficient solving tool. 

2.2. An iterative “multifactor” APOS version is proposed that implements the solving capabilities of the method.

2.3. The new search-analytical approach serves as a foundation for development and application of the methodology of symbiotic
 systems synthesis. 

Two options are available to use APOS as a solving tool to the date:

A. "Multifactor" APOS when for solving one problem we look for two (or more) potential analogs in different fields, and then synthesize a new solution based on them; 

An additional "novelty in solving capacity" is, that we sometimes synthesize a new solution without using the originally given system. We may do this based on the  found analogs only. APOS give all the opportunity for that.

B. "Symbiogenic" APOS when we are to find one or more candidates (symbiogenic analogs) to be superposed over the original ES in accordance with various problems of the original ES.

3. The successful development and application of APOS have made it possible to put forward new methodological tasks

3.1. APOS application throughout consulting projects to achieve some of goals for which FOS has not been yet applied.

3.2. Development of a general method for the synthesis of new systems based on two or more known solutions – the method of symbiotic systems synthesis.

3.3. Implementation of some of the APOS concepts in software tools supporting solver analysts.

These tasks have also more or less solved to the date.

Practicality of Research

1. APOS is highly efficient as a practical alternative to FOS and as a FOS-compatible method 

On one hand, APOS may be considered as an alternative to FOS, because opportunities of the former practically allows solving lots of tasks arising in innovation projects. On the other hand, APOS does not operate with the problem statement in terms of general functions, while FOS does this. So, the best way is to use both FOS and APOS in some combination.

It applies to any consulting projects – from upgrading to forecasting – for implementing the following stages:

· benchmarking (including the search for competing systems)

· S-curve building and research 
· search for solutions to key problems

· solution substantiation.

2. APOS can be efficiently used for achieving some goals for which FOS has not been used in practical terms up to date: 

· identification of latent parameters of customer value of products and technologies

· search for new market niches for specific products and technologies (these two parameters also provide for APOS efficiency when analyzing the market potential of new concepts)

· search for unobvious strengths and weaknesses of the ES versus competing engineering systems; identification of hidden undesired effects and contradictions in the ES under research

· synthesis of new solutions (within the APOS solving capacity) 

· formation of a symbiogenic group of engineering systems for subsequent synthesis of a symbiotic system.

3. APOS is efficient for project types where FOS has not been used in practical terms up to date:
· feasibility study of venture investments in new projects;

· evaluation of company’s standing and prospects of cooperation (elements of marketing intelligence) 

4. The method offers high solving capabilities, because it allows efficient formation of solution portraits.

4.1. "Multifactor" APOS serves, in relation to the problem at hand, as a method of seeking some ES "complementary" to the system at hand, and at the same time as a method for solving the task through the synthesis new system based on of the systems found. High solving efficiency is achieved on the way of finding "complementary" (symbiogenic) systems in two or more areas at once, and formation a new engineering solution based on them. 

An additional "novelty in solving capacity" is, that we sometimes synthesize a new solution without using the originally given system. We may do this based on the found complementary analogs only. 

4.2. High efficiency in forming the portrait of solution for "symbiogenic" (or "multi-problem") version of APOS is achieved on the way of finding several symbiogenic solutions for different problems of the given ES at once. In such case, we synthesize a solution based on the originally given system, because it serves as a uniting center for all the "symbiogenic candidates" found. This approach may produce a synergetic effect, that is to solve more than one problems at once using only one found solution. 

In a case when APOS solving capacity still does not produce a good solution, that is the "portrait" obtained does not "show" the clear picture, the work that had been performed facilitates using other solving methods anyway.

5. Systematic APOS application in the course of project implementation helps to form its systemic vision 

The results obtained during the analysis of patent information keep increasing from one project stage to another. 

We apply one method, essentially the same approach, in different modifications –  

a) on a regular basis, at each step; and

b) to obtain information of various kinds.

At the same time the information can be easily classified by its engineering features:
· by the destination of objects or their actions; 

· by methods of design implementation;

· by ES principle of operation

· by its compliance with the Trends of Engineering Systems Evolution. Thereat it is easy to identify the laws most typical of the ES concerned,

· including with respect to the criteria of S-curve analysis, which is most important for projects.

Of particular value for developing a systemic vision is the availability of non-engineering patent information including information regarding:

· the time of emergence and the dynamics of project development

· the companies and/or the developers

· patent holders’ policy etc.

Hence, the information field of the problem being solved is formed. This field includes systematized information regarding the effects and phenomena related to the problems of the ES under research and to ways of how those effects work in analogs. The information may be easily organized in a unified way because its source (patent documents) are highly standardized. This array of data causes the systemic vision and facilitates the implementation of all project activities.

The fact that APOS serves simultaneously as searching, analytical and solving tool, also facilitates the formation of systems approach.

6. APOS as a Foundation and Incentive for Development of New Methodologies

APOS provides a methodological foundation for advancing TRIZ methodologies for which the information analysis is essential.

Example 1: further FOS advancement taking into account the APOS achievements. In reality, FOS has already received a positive impetus for its development. 

Example 2: statement of problem for development and development of a methodology of symbiotic systems synthesis. The above methodology has been brought to the level of practical application. 

Example 3: assimilation of certain APOS ideas in software support tools.  Some of the ideas have been implemented in pilot software products. 
Key Statements of the Thesis to Defend 

1. A set of methodological innovations ensuring the operational capability and efficiency of a new search-analytical-solving methodology:

1.1. Use of IPC as a classification of human activity for identifying the leading and far-off fields of human activity.

1.2. Unified conceptual framework ensuring a unified analysis logic and the unambiguity of all steps of the methodology procedure.

1.3. Analysis of the distribution of patent application activity by IPC sections and time as a foundation for supporting the procedure logic.

1.4. Ideology of gradually narrowing the areas of solution search. 

1.5. Method for identifying specific leading and far-off areas according to the problem being solved. 

1.6. Detailed and reproducible algorithm for implementing the method proposed.

2. Multifactor APOS procedure improving the efficiency of the problem statement and problem solution process including the formation of a solution portrait. It is a cross-sector method combining both search analysis methods and solving methods. 

3. Versatility of APOS applications for solving various problems arising in the course of TRIZ innovation projects. 

CONCLUSIONS
1. Methodological Achievements that APOS Succeeds as a TRIZ Tool

1.1. APOS is an efficient search and analysis methodology for searching for systems to be superposed over the original one
Factors providing for its high potential 

1.1.1. Unified conceptual framework provides for the unified logics of analysis

1.1.2. Unambiguous criteria for separation areas of human activities and modular principle of APOS organization provide for controllability of seeking procedure in accordance with areas and its completeness.
1.1.3. Algorithmic style of the whole procedure provides for reproducibility of the results of all the steps.

1.1.4. Purposefulness of the process of narrowing the area of search and analysis provides for high efficiency of using the method. The term "efficiency" is considered as a ratio of productivity to labor expenses. 

1.1.5. Systems effect facilitates doing analysis of the final sample of documents. 

1.2. The method offers high solving capabilities in synthesizing solutions 

APOS solving capacity occurs from its efficiency in forming solutions portraits. In addition to pure methodological advantages of the method, the following features contribute to this efficiency:

A. When forming solutions portraits, two versions of them may be developed simultaneously, namely "multifactor" and "symbiogenic" ("multi-problem") portraites. These two versions enforces to each other.

B. In fact, we use one method and unified style of presenting information in course of the whole research.

2. System-based APOS Application in Innovation Projects

2.1. APOS is highly efficient in any consulting projects for implementing all stages for which FOS is normally used.

2.2. APOS expands FOS capacity in both engineering and marketing aspects 

2.2.1. For engineering aspects:

· support to the analysis of the ES under research and the statement of problems: identifying latent undesired effects and contradictions in the ES under research;

· synthesis of new solutions within the APOS solving capabilities

· support to the analysis of known systems (symbiogenic and competing).

2.2.2. For marketing aspects:

· identification of latent parameters of consumer value;

· identification of new parameters of consumer value of the product; refinement and identification of new market niches.

2.3. APOS is efficient for innovation projects of other types including:

· review of new development projects for their feasibility (to determine the purposefulness of venture investments)

· search for potential cooperation partners.

2.4. The systematic application of APOS contributes to a system-oriented approach to conducting a project

When APOS is implemented systematically in a project, a problem-oriented data base is formed specifically for this project.

This base contains systematized data about effects and phenomena, connected to problems of the ES under research. It leads finally to the systems approach to formulating problem and synthesizing solutions.

3. Role of APOS in TRIZ

1. From the scientific standpoint, APOS:

· is a sample of the methodical approach to the process of a new methodology development, 

· has demonstrated the fact that solving science and methodological problems can finalize in creation of a practically effective approach

· is universal relating to areas of use and problems to be solved

· is effectively compatible with other TRIZ methods

· concerning support to them as well as 

· using their results;. 

· stimulated improvement and development in some TRIZ methods.

2. A number of methodological and systemic super effects have been obtained that are vital for developing: 

· search and analysis techniques in TRIZ (in particular, FOS as well as information research methods in patent databases, search of hidden undesired effects and contradictions, search and analysis of ES parameters of consumer value etc.);

· analytical solving techniques, namely, methodological approaches to developing solution portraits and generating new systems based on known solutions;

· roadmaps for implementing innovation projects;

· system-oriented approach to the implementation of innovation projects;

· computerization of solution analysts’ work.

Personal Input of the Applicant

All creative and ministerial parts of the project activities including the statement of specific methodological problems, idea generation, refining of methodological steps and algorithm development, were carried out by the applicant at his own discretion. 

All experimental part of the project activities including the practical implementation of the method and development of case studies was also carried out by the applicant at his own discretion.

Project Approbation

The project results were presented at MATRIZ conference TRIZFest-2006 (St. Petersburg, Russia) in October 2006, and at ETRIA TRIZ Future Conference (Gratz, Austria) in November 2005. 
4 training workshops have been conducted for the staff of OOO ALGORITHM (St. Petersburg, Russia).

The approaches developed by the author are applied in the practical work of OOO ALGORITHM (St. Petersburg, Russia) and GEN3 Partners (Boston, MA, USA).

In particular, a number of elements have been incorporated into a software program (OOO ALGORITHM) intended for in-house use.

An additional example of indirect approbation is provided by the paper [Nani R., Regazzoni D. Practice-based methodology for effectively modeling and documenting search, protection and innovation. //ETRIA Conference "TRIZ-Future 2006". Kortrijk, Belgium 2006, October 9-11., V.1 pp.45-55] making successful use of some of the APOS ideas for a new method of handling patent databases. 
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Paper Structure and Volume

The thesis is enunciated on 81 typescript format pages including 18 figures, 4 tables and is composed of the introduction, 5 chapters, the conclusion and the list of reference literature comprising 25 titles.

� Symbiotic ES (solutions) – ES (solutions to the problem under research) obtained by means of superposing certain features, properties, interactions, processes of two or more different ES (engineering solutions) –  a “symbiogenic” group. From this standpoint, the solutions obtained by methods of alternative systems synthesis (feature transfer), are deemed special cases of symbiotic solutions.  
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