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a b s t r a c t

Su-Field analysis, as one of the inventive problem solving tools, can be used to analyze and improve the
efficiency of a technical system. Generally, the process of using Su-Field models to solve a specific inventive
problem includes building a Problem Model, mapping to a Generic Problem Model (the abstract Problem
Model to describe the ProblemModels with similar properties), finding a Generic Solution Model (the abstract
Solution Model to represent the Solution Models with similar modifications) based on the corresponding
inventive standard, and finally establishing and instantiating a Solution Model. As one of the most important
phases of Su-Field analysis, the last step is normally implemented manually with the help of a knowledge base
of physical effects, which link generic technical functions with specific applications and systems. The physical
effects compatible with the context of the specific problem should be chosen to assist the users to instantiate
the Solution Model. However, the physical effects and the specific problems are built at different levels of
abstraction, and it is difficult for the users to choose. In order to facilitate the use of physical effects, this paper
firstly proposes a newway of representing physical effects by making explicit a state change, that is, the couple
of two states, before and after applying the physical effect. Then, knowledge about using physical effects is
formalized in OWL (OntologyWeb Language), and constraint knowledge, such as the preconditions to use each
kind of physical effects, is formalized in SWRL (Semantic Web Rule Language). Finally, the reasoning process of
using physical effects is performed with the support of the Jess (Java Expert System Shell) rule engine. The case
of a “Diving Fin” is used to illustrate the whole process in detail.

& 2014 Elsevier Ltd. All rights reserved.

1. Introduction

TRIZ, the theory of inventive problem solving, was developed
in the middle of the 20th century by Althshuller. The goal of this
methodology was, initially, to improve and facilitate the resolution
of technological problems (Altsthuller, 1984, 1999).

With the development of TRIZ, various tools were built to facilitate
its use in the resolution of inventive problems, such as the Contra-
diction Matrix and the 40 inventive principles. Su-Field analysis, as an
important analytical tool of TRIZ, is used to model a technical problem
and to improve the efficiency of a technical system. The basic idea
of a Su-Field model is that any part of a technical system can be
represented as a set of substance1 components and field2 interactions

among these components (Terninko, 2000). The problem is indicated
as an undesirable, insufficient, or missing interaction between two
components. Obtaining a solution to the problem means that the
given physical structure which contains the undesirable or missing
interaction must be transformed into a structure in which the
desired interaction is obtained. A system of 76 Inventive Standards
was proposed by Altsthuller (1984) to indicate which patterns are to
be used to appropriately transform a given Su-Field model.

In the survey of “Worldwide status of TRIZ perceptions and uses”
implemented by Cavallucci (2009), two frequencies were obtained,
that is, the frequency of TRIZ's main components (most unknown and
most often used), as shown in Fig. 1. According to these figures, we can
observe that the pointers and the database of physical effects rank
high in the list of the most unknown TRIZ components, and rank low
in the list of the most often used components. Compared with other
TRIZ tools, most users do not know the pointers and effects and only
use the pointers and effects occasionally when they deem it necessary.
There are many reasons for this situation, such as, the large number of
physical effects and the description of the pointers at a high level of
abstraction.

According to classic TRIZ, the main process of Su-Field analysis and
inventive problem solving is shown in Fig. 2. Firstly, a Problem Model
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is built andmodified until a complete model is found. Then, in order to
match from Problem Model to Generic Problem Model (GPM – the
abstract Problem Model to describe the Problem Models with similar
properties), the complete model is estimated with two alternative
structures “Useful” and “Effective”. According to the obtained Generic
Problem Model, several Inventive Standards are selected to find the
Generic Solution Model (GSM – the abstract Solution Model to
represent the Solution Models with similar modifications). Two
alternative structures “Effective” and “Simple” are used to estimate
the performance of the obtained Generic Solution Model. According to
the specific problem, several physical effects are chosen to instantiate
the Generic Solution Model. Finally, a Solution Model is established
and interpreted in the real world and the specific solution is returned
to the user (Terninko, 2000).

As one of the most important phases of Su-Field analysis – which
is normally implemented manually with the help of the pointers to
physical effects – consists in linking a generic technical function with
specific applications and systems, the pointers to physical effects that
are compatible with the context of the specific problem should be
chosen to complete the Su-Field model and assist the users to inter-
pret the Solution Model in the real world (Yoon, 2009). However, the
pointers to physical effects and the specific problems are built at diff-
erent levels of abstraction. It is therefore difficult for users to choose
among too many eligible pointers to physical effects given a certain
function while with a detailed context of the problem, it is possible
that no pointer to a physical effect be returned (Bultey et al., 2007).

Accordingly, there is a need for a new way of modelling
physical effects and a method that does not rely on the pre-

stored pointers and that can process the user's retrieval dynami-
cally. In this paper, a new way of representing physical effects is
proposed to facilitate and automate the process of using them.
A physical effect is now represented as a couple of states: the
states of the system before and after applying it. Then, based on
ontologies, the knowledge about using physical effects is forma-
lized in OWL (Ontology Web Language) (Dean and Schreiber,
2004) – an ontology language for the semantic web developed
by the World Wide Web Consortium (W3C), and the rules for
retrieving physical effects are interpreted and represented in
SWRL (Semantic Web Rule Language) (Horrocks et al., 2004),
which is a rule language based on OWL. After mapping the
knowledge and constraints for using physical effects onto Jess
facts and rules, the reasoning processes will be performed by the
Jess (Java Expert System Shell) rule engine (Friedman-Hill, 2005)
to return the heuristic physical effects to the users.

The remainder of the paper is organized as follows. Section 2
presents a literature review about different ways to cope with
similar problems in TRIZ, which proves the necessity of our
research. Section 3 introduces the new method of formalizing
physical effects using the change of two states, that is, the
couple of two states before and after applying physical effects.
The detailed process of building the model and constraints,
and executing the ontology inference for searching physical effects
is elaborated in Section 4. Section 5 takes the case of the “Diving
Fin” as an example to explain the whole process. Finally, some
limits of our method and perspectives of future work are drawn in
Section 6.

Fig. 1. The frequency of TRIZ's main components. (a) Most unknown. (b) Most often used.
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Fig. 2. The main process of Su-Field analysis and problem solving.
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