N

N

Hypotheses Analysis as a Development of the System
Operator Method Used in TRIZ
Marek Mysior, Sebastian Koziolek

» To cite this version:

Marek Mysior, Sebastian Koziolek. Hypotheses Analysis as a Development of the System Operator
Method Used in TRIZ. 22th International TRIZ Future Conference (TFC), Sep 2022, Warsaw, Poland.
pp.154-162, 10.1007/978-3-031-17288-5_14 . hal-04449803

HAL Id: hal-04449803
https://inria.hal.science/hal-04449803v1
Submitted on 15 Feb 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://inria.hal.science/hal-04449803v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

~ederationforintor

This document is the original author manuscript of a paper submitted to an IFIP
conference proceedings or other IFIP publication by Springer Nature. As such, there
may be some differences in the official published version of the paper. Such
differences, if any, are usually due to reformatting during preparation for publication or

minor corrections made by the author(s) during final proofreading of the publication
manuscript.



Hypotheses analysis as a development of the System
Operator method used in TRIZ

Marek Mysior! [0000-0002-:9973-704X](=) " Sebastian Koziotek!

"' Wroclaw University of Science and Technology, Faculty of Mechanical Engineering, Depart-
ment of Machine and Vehicle Design and Research,
ul. Lukasiewicza 7/9, 50-371 Wroclaw, Poland
marek.mysior@pwr.edu.pl
sebastian.koziolek@pwr.edu.pl

Abstract. The purpose of this work was to formulate a novel method of problem
definition and to apply this method as an extended version of the System Opera-
tor. In TRIZ, System Operator is used to describing context of the problem in
time and space, which is of vital importance in many problem-solving approaches
and forecasting applications. However, this known method concentrates on a sin-
gle technical system and its alternatives and does not take into account other sys-
tems, that directly interact with each other. The proposed approach takes into
consideration not only sub- and supersystems in the past and future but also the
outcome of the problem and phenomena occurring in relation to the identified
problem. The method is organized in a systematic way through a dedicated dia-
gram and also utilizes a heuristic approach to identify and describe the context of
a problem. The proposed method was applied to identify drivers and barriers to
the development of vehicles and biogas distribution solutions. It was shown, that
the proposed approach represents a significant and novel development of a Sys-
tem Operator that improves problem definition in the problem-solving approach.
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1 Introduction

In modern design problems, there is an increasing importance of proper problem iden-
tification and its description, which is often regarded as the most important part of con-
ceptual design [1, 2]. In an ever-changing world around us, the capability to cope with
the evolution of technical systems and technological processes often determines the
ability of companies to remain on the market and compete with each other [3]. Concen-
trating our efforts on solving a problem that is not significant consumes available re-
sources of time, information, material, energy, and space, giving no to little improve-
ment. It was shown, that lack of understanding of customers’ needs is one of the key
issues in modern design approaches [4].
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Proper identification of the outcome of the problem as well as its causes is thus of vital
importance in an effective problem-solving approach. There are already existing ap-
proaches available that concentrate on problem modeling and identification of the root
cause of the problem. In TRIZ, such tools as Contradiction Matrix [5], including anal-
ysis of the contradiction clouds [6], Cause-Effect Chain Analysis [7] and System Op-
erator (also known as the 9 boxes) [8, 9] are commonly used. Those approaches are
effective in defining the correspondence between different components of the problem
but are not directed toward the quantitative description of the problem neither in the
scope of its outcome, nor its cause.

Contradiction Matrix is an effective tool used to find potential solutions to the problem
by modeling contradictions existing within a technical system or a technological pro-
cess. But without a proper understanding of parameters describing the system or a pro-
cess, there is a risk of solving a contradiction, that does not affect the outcome of the
analyzed problem. Such a situation contributes to increased resources usage and limited
usefulness of the outcome, decreasing the ideality of the design process.

In Cause-Effect Chain Analysis, a problem is analyzed in the form of the creation of a
cause and effect relationship. This analysis is usually performed heuristically, without
an emphasis on the design of a measuring system that can verify the potential depend-
ence between various layers of the problem.

A more broad approach is used in the System Operator Analysis, commonly known as
the 9 windows analysis, in which a problem is being analyzed in the time domain (be-
fore-at-after the moment of problem occurrence) as well as the space domain (subsys-
tem, system, super-system level). This is a very efficient approach in technology fore-
casting since it combines past, present, and future descriptions of technical systems and
technological processes at different contextual levels [10, 11]. Although by taking into
account space and time dimensions, there is still a lack of a systematic approach in the
identification of parameters that directly describe the surrounding of the problem to be
solved at different levels with the possible examination of their mutual dependence.
Having roots in Inventive Engineering by combining several TRIZ concepts into a sin-
gle problem modeling tool, Hypotheses Analysis makes it possible to formulate hypo-
thetical dependencies between various parameters describing the problem directly and
indirectly. Each of those dependencies can possibly indicate the quantitative influence
of the source parameter on the one resulting in the outcome of the problem. This in turn
allows establishing distinct limits for the parameters to be designed to solve the prob-
lem, leading to the formulation of the technical specification of a technical system or a
technological process. In the next chapter, a detailed description of the process of cre-
ation of the Hypotheses Map is shown. The following chapters present examples of
Hypotheses Maps for various examples and a selected example of the application of the
analysis as an expansion tool for the Contradiction Matrix.



2 Materials and methods

Hypotheses analysis is primarily used to establish a set of parameters, that directly and
indirectly contribute to the outcome of the problem. This leads to the formation of the
measurement system, in which the mutual influence of parameters is examined, deter-
mining causal relations. Knowing this influence, one can identify the source of the
problem and define quantitatively the expected outcome of the problem-solving ap-
proach. The first step in the creation of the hypotheses map is to identify parameters
that describe the outcome of the problem. If there is more than one key parameter de-
scribing the outcome of the problem, hypotheses analysis should be performed for each
one of them separately. Each problem refers to the particular object, that is being di-
rectly affected by the problem. The presented approach is based on the assumption, that
the problem to be solved exists due to the existence of a strong relationship between
the subject and the object. The subject is a technical system or technological process
that is directly connected with the problem to be solved. This stands in agreement with
the principles of functional analysis used in TRIZ [12, 13]. From the point of view of
the subject, there is an ambiguity in its selection, because at this stage it is unknown,
which system directly influences the outcome of the analyzed problem. One can select
the subject at different levels, depending on the area in which the problem-solving ap-
proach is being conducted. The subject is being analyzed from the point of view of its
function (what does it do?), supersystem (what is its environment?), subsystem (what
does it have?), and outcome of the function it performs (what does it make?). Let us
consider the exemplary problem that is the bicycle accident. In this case, there will be
a strong relationship between the Bicycle (Subject) and the Cyclist (Object), since the
Cyclist is directly affected by the outcome of the problem. The selection of the bicycle
as a subject creates a hypothesis, that the problem can be solved within that Technical
System. The scheme of the hypotheses map at this stage is shown in fig. 1.

Action Supersystem

Strong relation > (@) bject

Outcome Subsystem

Fig. 1. Scheme of the hypotheses map, strong relation



The following process involves the definition of 6 relations in the form of physical
phenomena that exist in conjunction between each of the four elements of the hypoth-
eses map, as shown in fig. 2. Those relations, existing between:

Action and Supersystem,
Supersystem and Subsystem,
Subsystem and Outcome,
Outcome and Action,
Supersystem and Outcome,
Subsystem and Action,

are regarded as indirect relations, thus not directly corresponding to the subject and
outcome of the problem to be solved. Each of those relations can be described by a set
of measurable parameters, that can potentially form a direct cause and effect relation
with the outcome of the problem, reinforcing or weakening it.

Indirect relation 5

Indirect relation 1

Action Supersystem

Indirect relation 2

Strong relation \ ObJECt

Subject )

Indirect relation 4

Indirect relation 3

QOutcome Subsystem

Indirect relation 6

Fig. 2. Scheme of the hypotheses map including relations

At the final stage of the process, 4 direct relations are being defined between the
object and the Action, Supersystem, Subsystem, and the Outcome. Those are the rela-
tions that are directly related to the outcome of the analyzed problem and can represent
a set of measures describing it in a quantitative way. Usually, those relations are de-
scribed in a similar way to those indirect relations, being physical phenomena that occur
in conjunction with relating elements. A measure of those direct parameters contributes
directly to the outcome of the problem and may represent a measure of the significance
of the problem for the customer, A complete scheme of the hypotheses map is shown
in fig. 3.
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Fig. 3. Scheme of the complete hypotheses map

Performing Hypotheses Analysis at different levels makes it possible to identify
many potential solutions to the problem, forming a set of potential solutions. Each one
of them is then analyzed from the point of view of ideality or innovativeness, leading
to the selection of the ideal/most innovative solutions.

3 Examples of hypotheses maps

In this chapter, several exemplary diagrams are presented to demonstrate the
idea behind the formation of the Hypotheses Map. The first problem to be analyzed is
connected with preventing of accidents occurring on motorbikes. The outcome of the
problem, which can be measured by the number of accidents every year, is directly
affecting motorcyclists. The area, in which this problem can be solved can be oriented
towards the motorcycle or the protective equipment he/she is wearing. This forms two
relations:

1. Motorcycle — Motorcyclist
2. Protective equipment — Motorcycle

On fig. 4, a hypotheses map of the first relation is shown, and on fig. 5 of the latter one.
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Fig. 4. Hypotheses map of a bicycle crash problem, point of view of the bike.
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Fig. 5. Hypotheses map of a bicycle crash problem, point of view of the helmet.



4 Applications of the method in problem solving

Development of gas delivery systems are of huge interest currently. One of the solutions
to meet growing demand on energy obtained from green, environmentally friendly
sources is located in Biogas. This opportunity is of growing concern worldwide [9, 14—
16]. Applying a Hypotheses Analysis to this problem results in the following map, as
shown in fig. 6. The strong relation is defined between the biogas (as a potential source
of energy) and the user that will consume it.
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Fig. 6. Hypotheses map of a biogas delivery system, based on [17].

For each relation shown on the map, a set of parameters can be defined that directly
(shown in blue) or indirectly contributes to the outcome of the problem. Examining
those parameters can uncover contradictions existing within the analyzed Technical
System or Technological Process. An example of such contradiction for “combustion”
that exists in conjunction with Methane and powering of an engine is described in fig.
7.



P2 (-) Quantity of

[| substance (26)
High value —
— P1 (+) Power (21)
Bi Methane content
iogas — (%]
_| P2 (+) Quantity of
substance (26)
Low value —

— P1 (-) Power (21)

Fig. 7. Contradiction model based on the parameter describing relation of “combustion”

From this point, there is a possibility to use Contradiction Matrix and 40 Inventive
Principles to find potential solutions to the problem, in this case:

e (4) assymetry;
e () discarding and recovering;
e () periodic action.

5 Discussion and summary

The proposed approach represents a significant development in the problem-solving
approach and expands the application of the System Operator known in TRIZ to be
utilized as a tool for measuring system design. Working with conceptual design is dif-
ficult due to very limited access to measurable that are of vital importance in innova-
tiveness assessment [18]. Hypotheses analysis makes it possible to identify a broad set
of parameters related to many different Technical Systems or Technological Processes
associated with the analyzed problem. The goal of this approach is to identify those
parameters, that affect the outcome of the problem the most and concentrate the prob-
lem-solving approach on alternating the value of the said parameter, improving it. Ad-
ditionally, identification of parameters influencing the outcome of the problem, it is
very common to define technical and physical contradictions, which makes it possible
to use other TRIZ tools like Contradiction Matrix and 40 Principles to seek the solution.
As compared to the System Operator, Hypotheses Analysis concentrates not only on
the context of the Technical System or Technological Process from the point of view
of scale and time but also manifests causal relations within the surrounding of the prob-
lem. By applying this approach to the problem of green energy generation from me-
thane, it was possible to identify the set of solutions based on solving contradictions
between the Volume of the stationary object (8) and Strength (14). The quantitative
feature of this tool is of great importance in the formulation of contradictions.
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