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Background

The work presented in this thesis is related to the methods for analysis and solution of inventive problems and is a complete method which includes why-why analysis of the initial inventive situation, building of the Why-Why Contradiction Map, functional analysis of the highest level contradictions in the Map and solving these problems by Functional Clues. This method develops and applies key TRIZ techniques such as why-why and functional analyses. This method is used for problem solving and innovation training at Procter & Gamble Company, USA.
Research Importance

The development of the problem analysis and solution methods is the most important scientific topic in TRIZ. There are many different techniques for problem analysis and solution known in TRIZ. Some researchers combine such techniques into methods. The most known method of that kind is the Algorithm for Analysis and Solution of Inventive Problems (ARIZ), developed by Genrikh S. Altshuller. ARIZ used to be and still is a subject of research and development. There are versions of ARIZ much more detailed and specific than the original Altshuller’s algorithm, such as ARIZ-SMVA and ARIZ-91. There are also simplified versions, developed by V. A. Korolev.

The history of ARIZ leads to understanding that a sole solution, even if it is very creative, does not necessarily guarantee the best way of addressing the initial inventive situation. Many reasons – feasibility, cost, scale-up time and complexity, reliability, safety – may lead to the abandonment of the original idea. The concept of the Sole Right Solution is simply not practical.

Psychological problem solving methods such as brainstorming, on the other hand, possess an important benefit of providing dozens of diverse ideas within a short period of time. Of course, many of these ideas do not solve the right problem or are too superficial but they nevertheless offer a multitude of solution options and so are more reality-proof than a sole “creative” idea.

Accordingly, it is very appealing to develop a method which would be as or more productive as brainstorming but would also provide a high quality of these multiple solution options.

The author of the present research suggests the problem analysis and solution method based on principles and approaches different from ARIZ. In the author’s opinion, this method overcomes the contradiction between the quantity and quality of solutions by replacing the Sole Right Solution concept with the concept of the Multiple Problems and Solutions. The result of the work according to this approach is a multitude of problem statements and potential solutions, and the choice of the key solution is defined by practice.
Objectives

The objective of the present research is the development of the problem analysis and solution method which allows to obtain a multitude of the solution options, each satisfying the requirements of the initial inventive situation. The method must be simple to learn and apply and must provide high quality of the solutions. The specific tasks on the way of development of such a method are:

· Development of the known TRIZ methods which are used within the proposed method

· Creation of new analytical and synthetical techniques

· Development of the interface between the techniques combined into proposed method

Research Method

For the development of the known TRIZ methods such as why-why analysis, the author generated hypotheses and refined them by applying these hypotheses to specific practical problems. The system of 40 TRIZ Principles for resolving technical contradictions along with all sub-Principles was the knowledge base used to build the Functional Clues. The Standards were also used but to a limited extent. In order to find the Clues, functional analysis was done for the examples illustrating each Principle. A total of approximately 400 examples were considered. Functional mini-diagrams (which later became Application Conditions) were extracted from the functional models. Each mini-diagram contained one component and no more than two actions coming to or from this component. The solutions suggested in the examples were also written in the form of functional statements or diagrams related to the original mini-diagrams of the problems. These solutions (which became Recommendations) were categorized by their respective Application Conditions.
Research Novelty

The novelty of the results of the current research is in new analytical and synthetical techniques developed by the author as well as in the way these techniques are combined into a holistic system. Specifically, the author considers the following developments novel:

· The way of combining known and new TRIZ techniques into holistic problem analysis and solution method

· The technique for why-why analysis limiting by the project constraints

· The technique for finding hidden whys by sequence of events and micro-level analyses

· Using why-why contradictions

· Prioritizing of why-why contradictions by the information which they contain
· Building of the Why-Why Contradiction Map as a problem solving strategy

· The concept of the functional why-why analysis as building a partial functional model for each why-why contradiction

· The way of converting the functional mini-model into the Application Condition of a Functional Clue

· The system of Functional Clues

Defense Topics
· Multi-problem approach to the addressing of the inventive situation
The approach resulting in a multitude of problem statements and solutions which satisfy the conditions of the initial inventive situation
· Why-why contradictions
The why-why contradiction concept and its application for problem description
· Why-why analysis constraining
The technique of applying project limitations for constraining of why-why analysis. The application of why-why analysis for extending the project limitation list.
· Finding hidden whys
The technique for the hidden why search
· Why-Why Contradiction Map
The concept of Why-Why Contradiction Map as hierarchical system of why-why contradictions. Application of the Map for defining why-why contradiction resolution strategy. Building the Map based on the information contained in why-why contradictions, without getting actual solutions.
· Functional Why-Why Analysis
Building a partial functional model for each high level contradiction in Why-Why Contradiction Map
· Why-why analysis/Functional Clues interface
Defining the Application Condition of the Functional Clue based on the information contained in the partial functional model
· Functional Clue Concept
the concept of the Functional Clue as a combination of one of the typical Application Conditions with a structural transformation of the functional model of why-why contradiction.
· The system of Functional Clues and its application for solving inventive problems
The system of Functional Clues and the method of its use for resolving why-why contradictions
Reduction of the Research Results into Practice

The results of the current research were tested by analysis and solution of multiple practical problems and by using these results for training.

Thesis Structure and Volume

The thesis volume is 24 pages. Chapter I, describing Functional Why-Why Analysis, contains 9 sections. Chapter II, disclosing Functional Clues, has 7 sections. The thesis contains 10 figures and one Appendix.
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