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Abstract

Heuristics are widely accepted and used as toolsf@ntive problem solving. A problem when usinguhistics is
that their number is relatively high (469 heuristigere found in this research) and keeps increa$ing amount of
heuristics makes it necessary for problem solverspend a significant amount of time in understagdhem,
finding the most applicable ones to their spedftaation and using them. This article presentissa $tep towards
decreasing this complexity. We synthesized thelavia inventive problem solving heuristics in aglist. The
development of this list involved the identificatiof the inventive problem solving heuristics iretature, followed
by analysis and comparison, resulting in a firgtl &if 263 heuristics. The authors hope that tkiscn save problem
solvers’ time and become a basis for a future ntgdeset of inventive problem solving heuristics.

Keywords:Heuristics; Inventive Problem Solving; TRIZ; Syst&ic Innovation.

1. Inventive Problem Solving and Heuristics

Problem solving can be defined as the processtbegag people and resources to analyze a sityation
determine the real problem, propose and evaludtgimas, and choose the best one that fulfills rthei
needs (Knippen & Green, 1997

Nomenclature

TRIZ  Theory of Inventive Problem Solving
S.S. Standard Solutions
121H Polovinkin's 121 Heuristics
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Problem solving processes can be divided in twssels: inventive and non-inventive. As Newell et al.
(1962) define, although the boundary between thwseclasses is practically impossible to distinguis
inventive problem solving (or creative problem $ody is characterized by novelty, unconventionality
persistence, and difficulty in problem formulation.

Although inventive problem solving seems to be ltheder way to pursue, there are good reasons to
remain in this path. According to Proctor (1998)ddy new and better ways to solve problems are
necessary, since an ever growing number of problews few or no precedents.

Furthermore, inventive problem solving and the ofereative knowledge are believed to be the best
and fastest way to the enhancement of an orgamigstproductivity (Knippen & Green, 1997he only
way of gaining a sustainable competitive advant@geradzean, 2002), leading to the development of
new products or services, generation of new stisdegnd opportunities, and solution of complex
personal or organizational problems (Proctor, 1988nn, 2002; Sheu, 2009).

Because of this, many problem solving techniqueseato assist the inventive process, as the hieurist
ideation technique (McFadzean, 1999b). The teclsigquan be classified according to different citeri
VanGundy apud McFadzean (1999a) proposed, for ebeartie division of individual techniques from
group techniques, and the ones that use relateuilstirom those that use unrelated stimuli. Several
articles refer to group techniques especially agblio workplace (McFadzean, 2002; Fenwick, 2003;
LoBue, 2002; McFadzean, 1998a), and others denatastome related stimuli techniques based on
computer software (Proctor, 1998; Hollingum, 1998).

Other possibility proposed by Newell et al. (1962)to differentiate processes for finding possible
solutions (known as "solution-generating procegsésim those for determining whether a solution
proposal is in fact a solution (so-called "verifyiprocesses"). By this classification, heuristifirdéon
can be framed as a solution-generating process.

According to de Carvalho et al. (2003) heuristice aules, strategies, principles or methods for
increasing the effectiveness of a problem resalutioot providing, however, direct and definitive
answers, nor guaranteeing a solution for a problem.

Heuristics can be better classified as a paradigetching technique (McFadzean, 1998b), since their
main task is not to work simply as solution germnat(unlike the methods of trial and error and
brainstorming). Actually, they work as devices thantribute to the reduction in the average nunafer
solutions to be searched (Newell et al., 1962),iaidinding an easy path to the answer in complex
problems (Chu et al., 2010), and focus attentiothermost relevant aspects (Renkl et al., 2008).

With such qualities, heuristics techniques are fapwlaying a major role in TRIZ (Theory of
Inventive Problem Solving). In this work, we usee thame heuristics for generalizing “principles”,
“standards”, “patterns”, “operators”, and “tempkteTRIZ heuristics were abstracted from the most
inventive patents into a generic problem-solvingnfework, enabling the solution of the most varied
specific problems (Mann, 2002; MCB UP Ltd., 200@pmmon examples are “Do it in Reverse”, a
heuristic that suggests that the user do the ofgpastion or explore an opposite configuration rmpgrty
to the one in the original situation, going towardounter intuitive directionality (Sickafus, 200@nd
“Consolidation”, which proposes making one objeetfprm more functions, something that can be seen
in cell phones and multi-purpose tools.

In TRIZ, there are almost five hundred heuristicgolving the most varied fields, with special
attention to engineering fields. This large numlzean obvious obstacle to newcomers to TRIZ and
Systematic Innovation. Moreover, this number grovith new publications. TRIZ heuristics also have
different abstraction levels (sometimes specifitnstimes vague), which hinders their adoption ase u

The main objective of this research is to compilsirggle list that represents the main heuristics of
TRIZ and Systematic Innovation. Specific objectivescompass collecting available TRIZ heuristics,
looking for overlaps, and seeking to eliminate them
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This paper does not cover a way to apply the resuleuristics to problem solving. This is an
objective for further research.

2. Background

Some studies have addressed the problem of the lamghber of heuristics in TRIZ, especially
focusing on the Inventive Principles. They all halve same goal of trying to extract the real essaric
TRIZ and condense it into an easy-to-use methothatat can be more widely adopted.

The first attempt occurred in Israel in the begignof 1980s and gave rise to the Systematic Inventi
Thinking method (SIT), which comprised Altshullef@rty principles into only four in SIT (Horowitz &
Maimon, 1997). Later, in 1995, Ford Motor Compargapted SIT and improved it into a Unified
Structured Inventive Thinking methodology (USIT)igi&fus, 1997) that replaced the notion of
overcoming conflicts with the application of thefient conditions, i.e., a minimal set of heuigstthat
leads to creative conceptual solutions to indugpriablems. (Nakagawa, 2000).

Likewise, Horowitz (2001) proposed the reductiorthed Inventive Principles into only five heuristics
called “five idea provoking techniques”, givingeiso the ASIT method (Advanced Systematic Inventive
Thinking). The main changes of this method are e¢limination of engineering-specific heuristics,
reduction to a lower number of rules and tools, aeplacement of knowledge by pure thinking
(Horowitz, 2001). Actually, the main difference indSIT and USIT is that ASIT methodology is centered
on the ideation of new products instead of probsatving itself.

Another important approach to simplify TRIZ was dmped by Rantanen & Domb (2008). They
attempted to simplify TRIZ by focusing on what theafl “five + one patterns”. Such patterns include
use of the five most useful patterns of evolutiéBIZ — uneven evolution of technology, transititm
the macro level, transition to the micro-level, remse of interactions, and expansion/convolution of
systems — in conjunction with the criterion of ileal final result. They also presented a new wversif
the list of Altshuller's Inventive Principles, in hich two features in particular stand out: the
simplification of the principles under their certfarm without expansion in sub-principles; and new
ways to interpret the label of the classical ppies to expand their use.

Mao et al. (2007) followed a different approachniaig at the generalization of the 76 Standard
Solutions (Altshuller et al., 1989). The study paied a careful evaluation of the standards, subatign
reducing their number to just seven “Generalizetut8ms” and preventing excessive redundancy and
details. In addition, they suggested replacemergonfie of the standard solutions in other TRIZ tools
where they were believed them to be more suitaaeording to the authors, this effort contributedhe
improvement of TRIZ logic and facilitated the implentation of Su-Field Analysis.

All above-mentioned publications relate to casesehTRIZ heuristics were taken to a higher
abstraction level. However, other works have beenedin order to satisfy users looking for specific
problem solutions.

With the intention to create software for probleoivieng, Zlotin and Zusman (1998) tried to develop
the essence of ARIZ (Algorithm of Inventive Probleolving) into an algorithm that could run on
computers. They worked in association with othetZ&perts and created ARIZ-SMV 91 (E) (Zlotin &
Zusman, 1991). They continued their research sgakimnify most of TRIZ knowledge-base tools under
what they called a system of operators. This iategh operational knowledge base was then presented
the form of the Innovation Workbench System Sofen@totin & Zusman, 1992).

This software allegedly redesigned completely afistng TRIZ Operators (Principles, Standard
Solutions, Utilizations of Resources, and otherspnmaking them more detailed and specific in otder
fit the particular need of each single user. Exa®gire provided for each solution, gathered frdist af
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approximately 300 illustrations at the softwareiial development stage. The problem of the abstra
level was thus believed to be solved, at leaspferdetermined specific areas (Zlotin & Zusman,2)99

However, problem solvers are not believed to féithproblem on a menu with limited possibilities.
TRIZ should give an answer to current and futu@bfems, focusing its power on the universality fod t
theory. As Zlotin and Zusman (1992, pg. 3) refethiair article, Altshuller, the father of TRIZ, \hidrew
from specific forms of the Principles, for the safehe universality and convenience.

As could be seen, many previous works condensedsmmthe essence of TRIZ. The majority of
these researches, however, stayed restricted tbehestics proposed by Altshuller. This is where w
sought to innovate. We focus not only on the CtadsTRIZ heuristics, but also on more recently
proposed ones.

On the other hand, Savransky (2000, p. 220) st#tatl “Continuous search for new Inventive
Principles and sub-Principles is one of the curamtivities of TRIZ experts”. Indeed, many heudsti
have been discovered throughout the years.

We sought to cover the vastest number of invemqinablem solving heuristics, but not all of them are
available in open sources. Thus, information atdglaonly in proprietary software such as Innovation
Workbench could not be considered. The analysis linated to the heuristics suggested by Altshuller
(1998, idem et al., 1989), Polovinkin (apud De @ée et al., 2003), Savransky (2000), Mann (Mann et
al., 2003), and Yezersky (2006).

The number of heuristics belonging to each of thgseips is detailed on the section bellow together
with their order of conception, as their charast#ss will be further analyzed on section 4.

3. Methodology

In order to accomplish the goal of this study, itee compilation of a single list of heuristicdeato
facilitate idea generation, we started with a dtare review.

A historical timeline was used to clarify the preseof evolution of TRIZ and Systematic Innovation
theories. This perspective was used in order toengkdent which of the selected groups of heusstic
was conceived first and evaluate all the otherSiraprovements" of that one. Such improvements can
range from original heuristics discovered througkepts databases researches, personal obsenatitns
practical experimentations, to the filling of gapeft by previous inventive methods or merely
grammatical changes in the way of formulating re&tigrisentences.

Following this perspective, the originality of dleuristics could be evaluated, ending up with the
elimination of those with a lack of novelty andginality.

This research was focused on six main groups afistas, arranged chronologically according to thei
order of conception. The first group is composedth®y Inventive Principles, developed between 1956
and 1971, and the second is composed by the 7@&@thiSolutions, whose development started in 1975
and ended in 1985 (Souchkov, 2008). The formets®@ heuristics, and the latter, 84.

The third set of heuristics includes the work obtuer researcher from the former USSR, Polovinkin
(1985, 1988, 1991). He suggested a number of higsrier design and problem solving, which wasrate
reduced to 121 by De Carvalho et al. (2003), bmielation of the heuristics that do not contribute f
conceptual problem solving.

The last three groups include more recent work: ftheth group, authored by Savransky (2000),
includes six heuristics published as new princigled sub-principles added to the Inventive Primspl
the fifth, 37 Most Important Combined and Speciahéiples was developed by Mann et al. (2003), and
contains 105 heuristics; and finally, the sixthigraf heuristics, from the General Theory of Inrtava
(GTI), includes seven Templates proposed by Yeyd&B06), totaling 63 heuristics.
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After gathering these 469 heuristics, the researdeeeded with the confrontation of the heuristics
developed by each of the authors and eliminatiotha$e with the same meaning, adding to the fisal |
only the original ones.

Before starting the confrontation process, everyriséc was rewritten in order to facilitate the
comparison. They were rephrased according to patter <verb> <object> in order to <complement>".
By doing this, the central idea of each heuristisyut in evidence right away. This made the coispar
process easier.

After this matter of syntax, the comparison anchelation process was initiated. Two conditions were
considered to be exclusion criteria: the first amas that heuristics with the same meaning in their
descriptions should be eliminated, i.e., those wifimilar nature or based on the same physicatipie;
and the second one was that heuristics with comemamples should be removed, i.e., those that @se th
same or a very similar example to demonstrate trsgfulness and applicability. These are examples:

- Principle 63 — Transform An Object Micro-Structyfe) — To replace a part of the material with
“void”, (...) (Mann et al., 2003) was eliminated, bese it has the same meaning of Inventive
Principle 31 — Porous Materials (A) — To make ajecbporous, or use porous elements (inserts,
covers, etc.) (Altshuller, 1998);

- Template 6.1 — To change the process so that thame need to measure anymore (Yezersky,
2006) was suppressed because it is a repetiti@tasfdard Solution 4.1.1 — Replacing Detection
or Measurement with System Change — To modify fiséesn in a way that eliminates the need for
measuring or detecting it (Altshuller et al., 1989)

In each of these cases, the original heuristich(ttie role of benchmark) was maintained and adaded t
the final list. Since the Inventive Principles wengblished first, they formed the basis of the Ifimady of
heuristics, and none of its heuristics were elindda

The research process is schematically represemteid.i 1.

Inventive
Principles

Standard Solutions
(Altshuller, 1999)

121 Heuristics
(De Carvalho et al.,

6 Principles
(Savransky. 2000)

Combinated
Principles

Templates
(Yezersky, 2006)

1st comparison

(Altshuller, 1998) 2003) (Mann et al.. 2003)
o . 233 I‘u"la.tchmg 4.4 (. )JTo use C. Use of pauses Template 2_1. (e)
19. Periodic Action Incompatible or pauses for ST Use pauses in a
o A . (sub-principle to N
sub-principle C Previously realization of useful T process to take a
. ) Principle 19) ) .
Independent Actions actions. required action.
1.2.4. Counteracting Principle 65. Template 4.1 (b)
a Harmful Action ] A Counteract An Introduce a Counter-
with Fz Undesired Action Flow
6.18 To choose Principle 48. Partial | Template 5.1 (c)
materials so as to N Preliminary Action |Minimize / maximize

minimize waste (...} (A) losses.
) o Principle 54.
A_ Multistep principle Specialization (B) N
Template 5.1 -

|:| Original heuristics

3rd comparison

Principle 57. Reduce
Stages Of Energy
Transformation

Modify an action (d)
Mumber of Flow
transformations.

dth comparison

Template 7.1.1 (c)
Use of part of an
element.

Corresponding (and
eliminated) heuristics

Fig. 1. The research process
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In the first step, two groups were compared: theshtive Principles and the Standard Solutions. The
first group was marked with the gray color, reprgisgy original heuristics that would be added te th
final list. The Inventive Principles and their spbnciples total 92 heuristics. Each one was plamed
different row. Then, the Standard Solutions begalmet compared, row by row.

Every time a heuristic belonging to the Standarllit®ms did not coincide with any other belonging t
the gray group, it was placed at the end of itsimwl, right after the row with the last original histic.
The first Standard Solution maintained (1.1.1. &uad a Su-Field Model), for example, was put on the
row right below to the one that contained the lasentive Principle, but under the column belongiag
its group. Standard Solution 1.2.4 presented oarEig demonstrates this.

Step 2 was just like the first one. Following thHeanological order, in this phase the heuristics of
Polovinkin were compared directly with every heticidelonging to the gray group (consisted thisetim
by the Inventive Principles in addition with origihStandard Solutions), an indirectly with all thos
heuristics eliminated during the previous stage.

All subsequent comparisons followed this patteratuxally, the percentage of eliminated heuristics
from each group grew with each step.

4. Comparison of Heuristics

As briefly explained before, the first step of thisrk was to compare the Inventive Principles whth
Standard Solutions, from which several solutionsendiminated. The main reason for this, as MaaJ.et
(2007) criticize in their article, is that many siidns appear in different TRIZ contexts, seemmdpé a
mixture of patterns of evolution, inventive prinigip and effects. Standard Solutions such as 2.2.2 —
Fragmentation of S2, 3.1.4 — Simplification of Bie and Poly-Systems, and 2.2.4 — Dynamizationifyst
the criticism, as they have the same sense astimgdPrinciples 1 — Segmentation, 6 — Universalkityd
15 — Dynamicity, respectively.

Savransky (2000) also criticized the Standard 8mist His main point is about some redundant
heuristics like 5.5.3, which merely explains prexcStandards 5.5.1 and 5.5.2, and other obvious one
like 2.4.7, 4.3.1, and 4.4.5. These last ones tipeon application of physical effects and phenome
Savransky points that these take place in any Tiesh8ystem or Technological Process, still senasg
example of any good invention. Taking this into sideration, such heuristics were eliminated.

On the other hand, over half of the Standard Smhstivere maintained, due to the fact that theygbrin
some patterns of evolution as complementary héesisivhat did not occur among the Inventive
Principles), and due to the special attention gitcepromote the use of mechanical and magnetiddiel
Besides, the class of Standard Solutions spedifidaldicated to detection and measurement didpeap
previously among the Inventive Principles and thuss almost entirely included into the final list.
However, Standard Solution 4.1.2 — Applying copfes,example, was excluded by Inventive Principle
26 — Copying, as happened with sub-class 4.3 —rEinfp Measurement Su-Field Models, which had its
heuristics excluded by Inventive Principles 24 -dis¢or and 28 - Mechanical Vibration. In both cases
the Inventive Principles were just adapted tohfit function of measurement and detection.

At the end of this step, all unmatched Standardit®wls (a total of 46) were added to the final. list
They are listed on Table 1.

The work proceeded with analysis of the 121H (shay of referring to the 121 Heuristics). Less than
half of the them was maintained. Some heuristigseap to have been derived from the principles
themselves, like heuristics 3.2 and 3.3 — whickrréd the use of empty spaces in an object to stote
pass a second object inside or through it —, jedhaentive Principle 4 — Nesting does. Other exasp
are 121 Heuristics 4.4, 5.12, and 5.14, which eetat Inventive Principles 19 — Periodic Action, 21
Rushing Through, and 8 — Counterweight, respegtivel
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Table 1. Standard Solutions added to the final list

Class 1. Building and Destroying Su-Field Models

Class 1.1. Building Su-Field Models: 1.1.1,1.1.2,3,1.1.4,1.1.5,1.1.8
Class 1.2. Destroying Su-Field Models: 1.2.1, 1.2.2.3,1.2.4, 1.2.5

Class 2. Enhancing Su-Field Modes

Class 2.1. Transitioning to Complex Su-Field Mod2I&.2
Class 2.3. Enforcing by Matching Rhythms: 2.3.2
Class 2.4. Ferromagnetic-Field Models: 2.4.2, 22.4.5,2.4.6,2.4.11, 2.4.12

Class 3. Transition to the Super-System and Micro-Levels

Class 3.1. Transitioning to Bi- and Poly-System§:2 3.1.3, 3.1.5

Class 3.2. Transitioning to the Micro-Level: 3.2.1

Class 4. Standard Solutionsfor Detection and M easurement

Class 4.1. Indirect Methods: 4.1.1, 4.1.3,4.2.2,24 4.2.3,4.2.4,44.1,45.1,45.2

Class5. Standardsfor Applying the Standard Solutions

Class 5.1. Introducing Substances: 5.1.1.2, 5.,151131.4,5.1.1.6, 5.1.1.8, 5.1.1.9
Class 5.2. Introducing Fields: 5.2.1, 5.2.2,5.2.3
Class 5.3. Phase Transitions: 5.3.2, 5.3.4, 5.3.5
Class 5.4. Peculiarities of Applying Physical Effeand Phenomena: 5.4.1, 5.4.2

As De Carvalho et al. (2003) argument, althoughlih& Heuristics and the Inventive Principles were
obtained in different periods of time, they weresdxh on dissimilar patent databases. This makes both
groups complementary but not copies of each othalear proof of this are 121 Heuristics 3.14, 3.15
6.11, and 8.7, which complement Principle 22 — @ohidarm into Benefit, the only Inventive Principle
that addresses directly a negative event. Suchidtiesr express more general concepts, and innovate
mainly by referring to the removal issue, either fiystem removal from a dangerous environmenheor t
removal of impurities in the system itself.

Continuing the research, Inventive Principles w#pecific meanings such as 38 — Accelerated
Oxidation did not eliminate any other 121 Heuristics, unligeneral ones as 35 — Transformation of
Properties The abstraction level of the heuristics was nonsidered as a criterion of elimination.
Inclusion of general design concepts, as exemglifig 121 Heuristics 1.12, 1.13, 1.15, 1.16, an@2.1
related to global optimum parameters; and speeiiigineering ones, like 121 Heuristics 1.10, 2.1686
and 6.19, that focus on the reduction of costs wasdte generation, specific parameters not explicitl
shown on the Contradiction Table.

Some of the 121 Heuristics had a very close sanfieetinventive Principles. However, only apparent
similarity did not justify the exclusion of any tife 121 Heuristics, since some had an additionahme.

The 57 remaining heuristics were added to the fisathat can be found in Appendix A.

The research proceeded with consideration of theew Inventive Principles and sub-Principles
suggested by Savransky (2000), referred to inghjser as 6 Principles. Only two of them were ret@in
A — Multistep principle and E — Match of impedances
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This stage of comparison is good to exemplify hba/tesearch was performed and how confrontation
worked: although 6 Principles B had no equivalenehtive Principle, Standard Solutions 3.2.1 addi5.
eliminated it; Principle C was eliminated by InvieetPrinciple 19 — C and indirectly by 121 Heugsti
4.4; Principle D was removed by Inventive Princi and indirectly by Standard Solution 5.1.3; and,
finally, Principle F was suppressed by Inventivan€iples 5 and 35.

Table 2 shows the above-mentioned procedure, Iigngin example of the confrontation process with
consequent elimination of heuristics: heuristicgline cells belonging to the same group (in thsecshe
6 Principles) are compared one at a time with tiag gnes belonging to the leftmost column, row dy.r
If a correspondence is found before reaching thoboof the gray column, then the heuristic in tihae
cell is eliminated, and colored white. If no maistiound (coded in the table as “N/M”), then theulistic
is added to the end of its column, and colored ¢mraganing that such heuristic is original).

Table 2. Example of confrontation process with eguent elimination of heuristics. The blue colurapresents the group being
analyzed and the acronyiM (“No Match”) means that no heuristic had eitheame or a close sense.

Inventive Principles Standard Solutions 121 Heuristics 6 Principles

Principle 5. Consolidation 3.1.1. Creating Bi- and Poly- 2.12 To connect homogeneou F. Concentration-

a. To consolidate in space Systems subsystems or subsystems | dispersion principle (a)

homogeneous objects or Combining the system with anotheintended for similar functions.| a. Concentrate essential

objects destined for contiguoussystem(s), thus building a more  (...) resources, elements,

operations. complex bi-system or poly-system.2.9 To concentrate controls in actions in a key place and
one place. moment of time (...).

Principle 19. Periodic Action 2.3.3. Matching Incompatible or 4.4 To eliminate useless or | C. Use of pauses
c. To use pauses between Previously Independent Actions harmful time intervals. To use, Use pauses between
impulses to provide additional (...) In general, the pauses in one pauses between pulses or actions to perform similar
action. action should be filled by another periodic actions for realization or different actions; one
useful action. of useful actions. action is active during
pauses of other action.

Principle 34. Rejecting and  5.1.3. Self-Elimination of N/M D. Use of epenthetic

Regenerating Parts
a.To reject or to modify an

element (...) after completing

its function or becoming
useless.

Substances

After carrying out its work, an
introduced substance should
disappear (...).

(insert) parts

(...) by using temporary
insert, deleting the insert
when finished.

Principle 35. Transformation of2.4.12. Rheological Liquids N/M

Properties

b. To change the concentration

or density.

F. Concentration-
dispersion principle

3.2.1. Transition to the Micro- N/M
Level

To go from macro-level to micro-

level in order to enhance a system

in any evolutionary stage. (...)

B. Dissociation-
association

This principle allows
division and coalition on
the molecular level.

5.4.1. Self-controlled Transitions N/M
(...) utilization of reversible

physical transitions such as
ionization-recombination,
decomposition-association, etc.

B. Dissociation-
association

This principle allows
division and coalition on
the molecular level.
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It is noticeable that the last excluded heuristasv@ Principles — B due to the fact that none ef th
Inventive Principles had the same sense. It has eléminated on a further step, when it was conmgpaoe
the innovative standards.

It is also worth mentioning that Standard Soluttof.12 — Rheological Liquids — has little to dotwé
Principles — F. This is caused by the relativelghhabstraction level of Inventive Principle 35, ofhni
permits a dual interpretation: electro-rheologiiglids have the property of changing their vistpsi
according to the density of the electric field t@otric current applied to it (Liu et al., 2010hdrefore, it
refers to the concentration and densification oetion or process, whereas 6 Principles — F redetise
concentration of a set of objects (at least tw@pnaging their mutual arrangement and relative dtyant

This is the essence of the process: heuristitengmg to the group in analysis were compared
primarily with original heuristics belonging to aay cell. Sometimes, though, the indirect way ended
eliminating some heuristics, just as happened WwitArinciples — C, which has been also fulfilled by
Heuristic 4.4.

The fourth stage of the research was the compilaifahe heuristics contained in Mann et al. (2003)
In this book, 37 new principles were added to thehtive Principles. Some of them have a trulyiogl
sense, and others are just combinations of théirgxisnes. The whole set is believed by the auttobe
capable of generating stronger solutions.

As might be expected, the Inventive Principles glated just a few of the Combined Principles of
Mann et al. (2003), since the latter were addresséil in the "gaps" left by Altshuller. Howevespme
of them were excluded due to the fact that theyndilbring new information to TRIZ. Some Combined
Principles and their sub-principles (for examplent®ined Principles 46 — Apply Counter-balance afhd 4
— B — If the object is not round, supplement théstanxg shape to and overall round shape) are just
specifications of more general Inventive Principl@s this case, Counterweight and Spheroidality),
looking just like heuristics that have emerged freimgle peculiar patents, which deviate from thenma
scope of TRIZ.

The same happened while comparing the Combinectipiés to the Standard Solutions. A small
number of heuristics were eliminated, but thoseawsd from the final list gave the same impressisn a
the above mentioned ones. However, during the casgrawith the 121H, a great number of similarities
have been observed. Table 3 shows briefly the owirelations that have been found.

Table 3. Main correlations between the 121H andth€ombined and Special Principles

121 Heuristics Combined Principles
Heuristic 1.8 To adapt the system to the humanesbap Principle 61. Adapt A Tool To A Person
its organs’. A. Adapt the activity and/or tools to suit the ygeking into account

the user's capabilities and preferences.

Heuristic 4.1 To transfer a process to other ogmrat  Principle 58. Postponed Action

time. To carry out required action prior to theibegng  A. Use time at the end of or after an operatiorfifoshing or

or after the endf (sub)system’s operation. correcting.

Heuristic 5.7 To divide a system into two parthe t Principle 42. Divide Into “Heavy” (Large) And “Ligh(Small) Parts

heavy and the light ones, and to move only thet lpgint. A. For convenient transportation of a heavy objditide it into a
heavy (large) and a light (small) part, so thaydhe light part has to
be transported.

Heuristic 8.8 To reduce the number of functionaof  Principle 54. Specialization (A)

(sub)system so that it becomes more specific and A. Simplify an object, system, or process by maktngore
appropriate only to the main functions and requeets. specialized.

After the comparison, only 43,8% of the originaltistics were maintained, which represents a total
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of 46 heuristics, included into 21 Combined Prifesp The ones that have been kept are: 41(B,CR)43(
48(B,C,E); 49(D,E); 51(A,B,C,D); 53(A,B); 55(A,BE7(A); 59(C); 62(A,B); 63(A); 64(A); 66(A,B,C);
67(A,B,C); 68(A,B); 69(A,B); 71(A,B,C,D); 72(A); 14,C); 76(A,C,D,E); 77(A,B,C).

The fifth and final step of the synthesis of a &nlist of heuristics was to compare the list of
remaining original heuristics with the Templatesaleped by Yezersky (2006), proposer of the General
Theory of Innovation (GTI). According to the auth@T]I is not competitive, but complimentary to TRIZ
(Yezersky, 2008).

As expected, a significant amount of the Templatee eliminated. Only 22 heuristics were left ofut o
63. Template 6, for example, had the same tipstabeasurement and detection operations introduged b
the Standard Solutions, being entirely removed ftbenlist. The same happened with most heurisfics o
Template 7 (Standard Restrictions on a Potentiklt®®a) that also described the same ideas as blags
Standard Solutions.

All remaining Templates introduced new conceptpeemlly those that stimulate the use of a part of
an object instead of it as a whole, and those gihanote the elimination or postponement of auxliar
actions. Another template that deserves mentiohermplate 1.1 that brings one of the most important
concepts embedded in the patterns of evolutionRIZT addressing the issue of dealing with the cause
instead of effects. This one was not eliminatedtiersame reason as many standards: it had nohalow
previously as a heuristic.

The remaining Templates are: 1.1, 1.2, 2.1(a),a20,d,e), 3.3(e), 4.1(f), 4.2(b,c), 5.1(b,c),(B)2
7.1.1(c),7.1.2 (a), 7.2 (b,c,d), 7.3.1(a,c).

With all these steps, the compilation of a singledf heuristics was considered complete.

5. Results

The main result is the final list of 263 heuristibat can be found in the Appendix.

Through the work done, it was possible to orgattimeheuristics developed by leading authors in the
field of TRIZ and Systematic Innovation under a ngwgle index. The number of heuristics removed
reached a mark of 43.9%.

Fig. 2 shows the increasing elimination percentaghieved along the evolution of the research,
discriminating the percentage of novel and elimgdaheuristics for each different group of heursstic
There is a sharp leap when we look at the 6 Priegifput this can be explained by the smaller nurobe
heuristics in it.

Standard Solutions 121 Heuristics 6 Principles Combined Principles Templates
53% |

Fig. 2. Percentage of original and corresponding @iminated) heuristics in the five main groupseuristics.

OCorresponding (and
Eliminated)Heuristics

m Original Heuristics

6. Analysisand Conclusions

Our most important conclusion is that the reseatgbctive was attained, with the creation of a leing
list of heuristics for inventive problem solving.
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The final list is valuable, because it includesrisdics for solving problems of a wider range oéas
of knowledge than each of the original groups stddieparately and the single reference provided can
spare a problem solvers’ time presumably signifigan

The final list can be a first step towards the igation of all available heuristic-based problernvisg
theories, methodologies and methods.

This research can also be seen as a historicalinenef TRIZ and its derivatives. The chronological
perspective allowed us to understand the root afymmacently suggested heuristics and eliminategela
number of non-original ones. This can help TRIZalepment, because its strengths are made clear, as
well as its deficiencies and gaps.

Finally, despite the expressive number of heusstigppressed in this work, the total still remdaigg.

With this in mind, the list compiled so far is lmléed to be the first step to the creation of a mimh set
of universal heuristics for inventive problem salyj motivating future research.
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Appendix A. List of TRIZ-related Heuristicsfor Problem Solving
A.l. Inventive Principles

Principle 1. Segmentation
A. To divide an object into independent parts.
B. To make an object sectional (for easy assemiydisassembly).Increase the degree of
fragmentation or segmentation.
C. To increase the degree of an object’s segmentati
Principle 2. Extraction
A. To extract the “disturbing” part or property fnoan object.
B. To extract only the necessary part or properdynfan object.
Principle 3. Local Quality
A. To transit from homogeneous to heterogeneouststre of an object or outside environment
(action).
B. To carry-out different functions with differepérts of an object.
C. To place each part of an object in conditiorad tre most favorable for its operation.
Principle 4. Asymmetry
A. To replace symmetrical form(s) with asymmetriftaim(s).
B. To increase the degree of asymmetry of an ohjetis already asymmetrical.
Principle 5. Consolidation
A. To consolidate in space homogeneous objectbjects destined for contiguous operations.
B. To consolidate in time homogeneous or contiguapesations.
Principle 6. Universality
A. To remove other elements by making an objedbper several different functions.
Principle 7. Nesting (“Matrioshka”)
A. To place one object inside another. That ohigptaced inside a third one. And so on...
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B. To pass one object through a cavity in anotlvpeai.
Principle 8. Counterweight
A. To compensate for the weight of an object by bimimg it with another object that provides a
lifting force.
B. To compensate for the weight of an object wighodynamic or hydrodynamic forces influenced by
the outside environment.
Principle 9. Prior Counteraction
A. To preload countertension to an object to corspexcessive and undesirable stress.
Principle 10. Prior action
A. To perform required changes to an object coraptair partially in advance.

B. To place objects in advance so that they caintgoaction immediately from the most convenient
location.
Principle 11. Cushion in Advance
A. To compensate for the relatively low reliabildfan object with emergency measures prepared in
advance.
Principle 12. Equipotentiality
A. To change the conditions of the work in suchagy that it will not require lifting or lowering an
object.
Principle 13. Do It in Reverse
A. To implement an opposite action instead of tineadl action dictated by a problem(i.e., cooling
instead of heating).
B. To make the moveable part of an object, or detenvironment, stationary — and the stationary
part moveable.
C. Turn an object upside-down.
Principle 14. Spheroidality
A. To replace linear parts with curved parts, Slatfaces with spherical surfaces, and cube shapes
with ball shapes.
B. To use rollers, balls, spirals.
C. To replace linear motion with rotational motianijize centrifugal force.
Principle 15. Dynamicity
A. To alter the characteristics of an object, ais@e environment, to provide optimal performantce a
each stage of operation.
B. To make an immobile object mobile. To make iefchangeable.
C. To divide an object into elements capable ohgirag their position relative to each other.
Principle 16. Partial or Excessive Action
A. To achieve more or less of the desired effédt s difficult to obtain 100% of a desired effec
Principle 17. Transition Into a New Dimension
A. To transit one-dimensional movement, or placetnefrobjects into two-dimensional; two-
dimensional to three-dimensional, etc.
B. To utilize multi-level composition of objects.
C. To incline an object, or place it on its side.
D. To utilize the opposite side of a given surface.
E. To project optical lines onto neighboring areasynto the reverse side, of an object.
Principle 18. Mechanical Vibration
A. To utilize oscillation.
B. To increase its frequency to ultrasonic, if batibn exists.
C. To use the frequency of resonance.
D. To replace mechanical vibrations with piezo-aiions.
E. To use ultrasonic vibrations in conjunction wati electromagnetic field.
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Principle 19. Periodic Action
A. To replace a continuous action with a periodie ¢impulse).
B. To change its frequency of an action that isadly periodic.
C. To use pauses between impulses to provide additaction.
Principle 20. Continuity of Useful Action
A. To carry out an action without a break. All gaof the object should constantly operate at full
capacity.
B. To remove idle and intermediate motion.
C. To replace “back-and-forth” motion with a rotagione.
Principle 21. Rushing Through
A. To perform harmful and hazardous operations\arg high speed.
Principle 22. Convert Harm into Benefit
A. To utilize harmful factors — especially enviroantal — to obtain a positive effect.
B. To remove one harmful factor by combining itlwénother harmful factor.
C. To increase the degree of harmful action to suchxtent that it ceases to be harmful.
Principle 23. Feedback
A. To introduce feedback.
B. To change feedback if it already exists.
Principle 24. Mediator
A. To use an intermediary object to transfer ongcaut an action.
B. To connect temporarily the original object teedhat is easily removed.
Principle 25. Self Service
A. To make an object service itself and carry-aygpementary and repair operations.
B. To make use of waste material and energy.
Principle 26. Copying
A. To use a simplified and inexpensive copy in pla€a fragile original or an object that is
inconvenient to operate.
B. To replace a visible optical copy with an in&dror ultraviolet copy.
C. To replace an object (or system of objects) Withr optical image. The image can then be reduced
or enlarged.
Principle 27. Dispose
A. To replace an expensive object with a cheap compromising other properties (i.e., longevity).
Principle 28. Replacement of Mechanical System
A. To replace a mechanical system with an opteedustic, thermal or olfactory system.
B. To use an electric, magnetic or electromagriigid to interact with an object.
C. To replace fields that are: stationary with nhekfixed with changing in time; random with
structured.
D. To use fields in conjunction with ferromagneiarticles.
Principle 29. Pneumatic or Hydraulic Construction
A. To replace solid parts of an object with a gakcquid. These parts can now use air or water for
inflation, or use pneumatic or hydrostatics cushion
Principle 30. Flexible Membranes or Thin Films
A. To replace customary constructions with flexiblembranes or thin film.
B. To isolate an object from its outside environingith flexible membranes or thin films.
Principle 31. Porous Material
A. To make an object porous, or use porous elenfargsrts, covers, etc.).
B. To fill the porous of an object already porouthveome substance in advance.
Principle 32. Changing the Color
A. To change the color of an object or its enviremtn
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B. To change the degree of translucency of an bbjeits environment.
C. To use color additives to observe an objegbrocess, which is difficult to see.
D. To employ luminescent traces or trace atomadhsadditives are already used.
Principle 33. Homogeneity
A. To make out objects interacting with the maifjegbof the same material (or material with similar
properties) as the main object.
Principle 34. Rejecting and Regenerating Parts
A. To reject (to discard, to dissolve, to evaporateto modify an element of an object during itsrkv
process after completing its function or becomisgless.
B. To restore used-up parts of an object duringvask.
Principle 35. Transformation of Properties
A. To change the physical state of the system.
B. To change the concentration or density.
C. To change the degree of flexibility.
D. To change the temperature or volume.
Principle 36. Phase Transition
A. To use the phenomena of phase change (i.earsgehn volume, the liberation or absorption of
heat, etc.).
Principle 37. Thermal Expansion
A. To use expansion or contraction of material bgrging its temperature.
B. To use various materials with different coeffitis of thermal expansion.
Principle 38 Accelerated Oxidation
A. To transit from one level of oxidation to thexhéigher level: 1)Ambient air to oxygenated;
2)Oxygenated to oxygen; 3)Oxygen to ionized oxygghonized oxygen to ozoned oxygen;
5)Ozoned oxygen to ozone; 6)Ozone to singlet oxygen
Principle 39. Inert Environment
A. To replace a normal environment with an inert.on
B. To introduce a neutral substance or additives am object.
C. To carry out a process in a vacuum.
Principle 40. Composite Materials
A. To replace homogeneous materials with compasites.

A.2. Standard Solutions

1.1.1. Building a Su-Field ModeT.o introduce substances or fields if a given objganreceptive (or
barely receptive) to required changes and the pmldescription does not include any restrictioms fo
introducing new elements.

1.1.2. Internal Complex Su-Field Mod@lo introduce into S1 or S2 permanent or tempoaaditives for
increasing controllability, or imparting the recedrproperties to the Su-Field Model if a given abje
unreceptive (or barely receptive) to required clesngnd the problem description does not incluge an
restrictions for introducing substances and fields.

1.1.3. External Complex Su-Field Modg&lo attach to S1 or S2 an external temporary ampaent
substance, S3, for the purpose of increasing citattitity or imparting the required properties t@etSu-
Field Model, if a given object is unreceptive (arély receptive) to required changes and the proble
description includes restrictions on introducinglifidles into existing substances S1 and S2.

1.1.4. Su-Field Model with the Environmeiio use the environment as an additive if a givgeabs
unreceptive (or barely receptive) to required clesrand the problem description includes restristiom
the introduction of additives — either into it or &ttaching substances to it.




R.K. Tessari, M.A. De Carvalho / TRIZ Future 2011

1.1.5. Su-Field Model with the Environment and Adleis: To substitute, to decompose or to introduce
additives on the environment if it does not conthim substances required to create a Su-Field Model
according to Standard Solution 1.1.4.

1.1.8. Selective Maximum Mod&p use the maximum mode in selected zones and mimimode in
other zones if a selective maximum mode is requifée field then should be:

2. minimum; To introduce a substance capable oéigaimg a local field in all places where
maximum influence is required (for example, theewmifor thermal influence, explosives for mechanical
influence, etc.)

1.2.1. Eliminating Harmful Interaction by Introdagi S3:To introduce a third substance, which costs
nothing (or close to it), between two substancastbt require to be closely adjacent to one amathe
there are both useful and harmful actions betwkemtin the Su-Field Model.

1.2.2. Eliminating Harmful Interaction by Introdagi Modified S1 and/or SZ:o introduce a third
substance, which is a modification of the exisgogstances, between two substances that not require
be immediately adjacent to one another if therebath useful and harmful actions between themen th
Su-Field Model and the problem description includesrictions on the introduction of foreign
substances.

1.2.3. “Drawing Off” a Harmful ActionTo introduce a second substance that ""draws ¢étisorb) the
harmful action of a field on a substance.

1.2.4. Counteracting a Harmful Action with FPo introduce second field (F2) to neutralize or to
transform the harmful action occurring between substances that must be immediately adjacent to one
another if there are both useful and harmful astioetween them in the Su-Field Model.

1.2.5. “Switching Off” a Magnetic Influenc&:o switch off the ferromagnetic properties of asance by
demagnetization either under shock or heating atimy€urie Point to destroy a Su-Field Model with a
magnetic field.

2.1.2. Double Su-Field ModeT.o apply a second field to S2 if a poorly conedlsystem needs to be
improved but you may not change the elements oéxigting system.

2.3.2. Matching the Rhythms of F1 and F2: match or mismatch the frequencies of applielisi in
complex Su-Field Models intentionally.

2.4.2. Ferro-Field Modelso substitute (or to add to) one of the substantesSu-Field or Pre-Ferro-
Field Model with ferromagnetic particles, and applgnagnetic or electromagnetic field to enhance
system controllability.

Control efficiency increases with increased fragtaton of the ferromagnetic particles. Thus,
Ferro-Field Models evolve according to the follogiime: granules — powder — finely ground
ferromagnetic particles. Control efficiency alsoreases along the line related to that in whichfehe-
particle substance is included: solid substancerides — powder — liquid.

2.4.4. Applying Capillary Structures in Ferro-Fiditbdels: To utilize the capillary or porous structures
inherent in many Ferro-Field Models to enhance them

2.4.5. Complex Ferro-Field Model§o use additives (such as a coating) to give amagnetic object
magnetic properties. May be temporary or permanent.

2.4.6. Ferro-Field Models with the Environment introduce ferromagnetic particles into the
environment, if it is not possible or prohibitedheir substitute a substance with ferromagnetidggbestor
to introduce additives.

2.4.11. Electro-Field Model:o utilize the interaction between either an exaéelectromagnetic field
and electrical current, or between two currents,igf difficult to introduce ferromagnetic partid or to
magnetize an object. The current can be creatkedrdily electrical contact with the source or by
electromagnetic induction.

2.4.12. Rheological Liquidsio use an electro-rheological liquid with viscgsibntrolled by an electric
field if magnetic liquid is unusable (for exampéemixture of fine quartz powder with toluene).

17
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3.1.2. Enhanced Links in Bi- and Poly-Systeihs:further develop the links between Bi- and poly-
systems to enhance them. This can be done by ciimpétem via rigid links or toward the dynamizatio
of the links.
3.1.3. System Transition 1b: Increasing the Diffieess Between ElementEo increase the differences
between Bi- and poly-systems’ elements (Systemsitian 1-b): from identical elements (e.g., a det o
identical pencils), to elements with shifted featifa set of pencils of various colors), to a $elifeerent
elements (a case of drawing instruments), to a amatibn of inverted features — or element and anti-
element (a pencil with an eraser).
3.1.5. System Transition 1c: Opposite Featureb®#Yhole and its Part$:o separate incompatible
features of Bi- and poly-systems between the systemwhole and its parts (System Transition 1s).
a result, the system is utilized on two levelshvtite whole system having feature F, and its poarts
particles having the opposite feature, anti-F.
3.2.1. System Transition 2: Transition to the Mitvel: To go from macro-level to micro-level in order
to enhance a system in any evolutionary stage sysiem or its parts is substituted by a substance
capable of performing the required action undeiintfieence of some field.
4.1.1. Replacing Detection or Measurement with &psChange:To modify the system in a way that
eliminates the need for measuring or detecting it.
4.1.3. Measurement as Two Consecutive Detectibosarry out two consecutive detections of chahge
you have a problem with detection or measuremethitas impossible to eliminate these processesitand
is inappropriate to manipulate a copy of an ohjestead of the object itself.
4.2.1. Measurement Su-Field Modéb use a field at an output with a regular or delu-Field Model
if it is difficult to measure or detect an incomiglé&Su-Field Model.
4.2.2. Complex Measurement Su-Field Moded:introduce easily-detected additives to detecheasure
a system or its part.
4.2.3. Measurement Su-Field Model with the EnvireninTo introduce additives capable of generating
an easily-detected (or easily-measured) field theoenvironment if a system is difficult to detect
measure at certain moments in time, and it is irsipes to introduce additives; changes in the statbe
environment will provide information about changeshe system.
4.2.4. Obtaining Additives in the Environmemb produce additives in the environment itself, fo
example, through its destruction or by changingltase state, if it is impossible to introduce tdels
into the environment directly. In particular, gasvapor bubbles obtained by electrolysis, cavitatior
other methods are often applied.
4.4.1. Measurement Pre-Ferro-Field Moded:add or to make use of a ferromagnetic substandea
magnetic field in a system (by means of permanegmats or loops of electric current) to facilitate
measurement.
4.5.1. Transition to Bi- and Poly-Systeni@ use two or more measuring/detection systemsade
multiple measurements/detections if a single measant system does not give sufficient accuracy.
4.5.2. Direction of EvolutionSystems for measurement and/or detection evoltteeifiollowing
direction:

1. To measure a function

2. To measure the first derivate of the function

3. To measure the second derivate of the function
5.1.1.2. To introduce a field instead of the sutista
5.1.1.3. To apply an external additive insteadroirgernal one
5.1.1.4. To introduce a small amount of a veryvactidditive
5.1.1.6. To introduce the additive temporarily
5.1.1.8. To obtain required additives via decompmsiof introduced chemicals
5.1.1.9 To obtain required additives through deawsiipn of either the environment or the objeatlits
by electrolysis or phase transformation, for exampl
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5.2.1. Multiple Use of Available Field3:o apply, first and foremost, existing fields whasrriers are the
substances involved of a Su-Field Model if it is@gsary to introduce a field.

5.2.2. Introducing Fields from the Environment apply fields existing in the environment ifst
necessary to introduce a field, but is impossiblagply existing fields whose carriers are the twanres
involved of a Su-Field Model.

5.2.3. Utilizing Substances Capable of Originattieids: To apply fields that can be generated by
substances existing in the system or the envirohmen

5.3.2. Phase Transition 2: Dynamic Phase State utilize substances capable of changing fhtease
state depending on the work conditions.

5.3.4. Phase Transition 4: Transition to a Dualdetfstate- To substitute a mono-phase state for a dual-
phase state.

5.3.5. Phase Interactiomp create interactions between the parts or ptafabe system in order to
enhance its effectiveness.

5.4.1. Self-controlled Transition¥o use an object that can periodically transélit® different physical
states through the utilization of reversible phgkicansitions such as ionization-recombination,
decomposition-association, etc.

5.4.2. Amplifying the Output Fieldfo use a substance-transformer in the near-drittate if a strong
action under a weak influence is required. Enesggccumulated in the substance and the influence
works as a trigger.

A.3. 121 Heuristics

1.5 To give a convex (or more convex) shape tcstesy carrying a load.

1.6 To compensate the undesirable shape by aatretib the opposite outline form.

1.7 To carry out a system in the form of other téghe with similar function or purpose; part(s)either

a human body, an animal or a plant.

1.8 To adapt the system to the human shape orgéns'.

1.9 To use a natural principle of formation found(alive or inanimate) nature in similar conditionfs
work.

1.10 To separate a flat or volumetric raw mategitiler in a rational or optimal way; to change shape

of details for more complete use of a raw material.

1.11 To design the shape of details as close ashjp@$o the shapes and sizes cutout parts.

1.12 To find the global — optimum shape of a system

1.13 To find the best integral shape of the sysfter., visual allocation of the main subsystems or
functional elements, elimination of unimportant aniliary subsystems or details).

1.14 To use various kinds of symmetry and asymmetyymamic and static properties of the form,
rhythm, nuance and contrast.

1.15 To carry out harmonic coordination of shapgegdous (sub)systems or elements.

1.16 To choose (to create) the most beautiful sbépee system and its casing.

2.4 To attach an additional specialized tool tolthse system.

2.6 To replace a source of energy, type of drieégre or other parameter.

2.8 To change the configuration of (sub)systemergly, in order to reduce layout expenses.

2.11 To use a uniform drive, uniform control systenpower supply.

2.15. To combine (unite) obviously or traditionaihcompatible (sub)systems, by removing the arising
contradictions.

2.16. To choose a raw material that ensures miniater input during the processing or manufacturing
of subsystems (and/or elements).

2.18. To find the global - optimum structure.

3.6 To change the direction of action of an operafor a whole process) or environment.
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3.11 To proceed from the sequential connectionubsgstems to the parallel or mixed. Inversion of
expedient.
3.13 To divide a subsystem into two parts: “volume&tand “non-volumetric”; to take out the first ppa
from the boundaries limiting the volume.
3.14 To take out subsystems that can be affectddhibmful factors, far from the zone of their action
3.15 To transfer the system or its subsystemsheranvironment where the harmful factors are absen
or at least inactive.
3.16 To withdraw from traditional spatial restraoiior overall dimensions.
4.1 To transfer a process to other operation tifeecarry out required action prior to the beginnorg
after the end of (sub)system’s operation.
4.6 To change the existing sequence of operatiofmotions fulfillment.
4.7 To proceed from sequential realization of opena to parallel or simultaneous. Inversion of
expedient.
5.1 To change the direction of rotation.
5.5 To replace a traditionally complex trajectony d simpler movement (e.g., along a line or circle)
Inversion of expedient.
5.6 To replace a bending by a stretching or conswasTo replace compression by stretching.
5.7 To divide a system into two parts — the heawy the light ones, and to move only the light part.
5.9 To replace friction of sliding by friction oblting. Inversion of expedient.
6.4 To remove a superfluous material not carryifignational loading.
6.5 To change surface properties of a (sub)systegn, o strengthen a surface or to neutralize qtms
of a materials on a surface).
6.8 To replace some neighbor systems by systerhsotfier physical and/or chemical properties.
6.9 To use other material (e.g., a cheaper onenen&r one).
6.15 To replace diversity of materials in (sub)syst by adopting a single material. To replace diter
of shape in (sub)systems by a standard shape.
6.16 To produce (sub)systems from materials witteidint properties that provides the necessaryceffe
(e.g., materials with different thermal expansioefticients).
6.18 To choose materials so as to minimize wastmglunanufacturing of details (e.g., to proceedrfro
cutting or machining to hydroforming, extrudingjecting or solid freeform fabrication).
6.19 To proceed to waste-free technologies (eogust a higher valued input material, and compensat
this by eliminating manufacturing wastes and/oowihg these to be used for manufacturing otherspart
6.20. To consolidate materials by mechanical, tlagredectro-physical, electrochemical, laser arteot
kinds of processing.
6.21 To use materials with higher specific chanasties (e.g., corrosion or electrical resistivity)
6.22 To use reinforced, composite, porous and atberperspective materials.
6.23 To use a material with time dependent prope(g.g., rigidity or transparency).
7.4 To differentiate sources of energy and provdekup source(s) of energy. To place a source of
energy as close as possible to the working subsyste
7.5 To perform control, management and drive ohdaab)system independently.
7.8 To divide a system into two parts: hot and calttl then isolate one from the other.
7.11 To include in a system a necessary (sub)sy&emecessary property) and to strengthen it and/o
improve conditions of work.

a) To enhance an important subsystem in the syat&hto improve conditions of its work;

¢) To enhance the most important property in thetesy and to strengthen it.
8.3 To change overall dimensions, volume or lergjth (sub)system while switching it to (or from) a
working and non-working condition.
8.7. To change the harmful factors so that thegeéa be harmful.
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8.8 To reduce the number of functions of a (sult¢sysso that it becomes more specific and apprapriat
only to the main functions and requirements.

8.9. To exaggerate considerably the sizes or @idwameters of a (sub)system and to find application
this. Inversion of expedient.

8.10 To increase the intensity of technologicalcpsses by making an operational working zone in the
shape of a platform or closed volume.

8.12 To find global - optimum parameters of a téchin(sub)system according to various criteria of
development.

8.13 To proceed to other physical principles ofaactvith cheaper or available sources of energyyitr
higher efficiency.

8.14 To define those (sub)systems that should laésehanged after constructive improvement of any
(sub)system, so that the efficiency of the wholgtesy could be increased even more.

A.4. 6 Principles

A. Multistep principle To increase efficiency of action by using a grafijuniform objects instead of the
single object.

E. Match of impedancesto determine, during design, the input impedalesel and set the system
internal impedance to that input signal. If an éxaatch is impossible, minimize losses by amplifyor
attenuating the input signal or dispersing the irgignal via a few channels, each of whose impeglanc
can be matched with the system impedance.

A.5. Combined Principles

Principle 41. Reduce The Weight (Size) Of IndividRarts
B. To strengthen the parts that bear the main Vdaite reducing weight/dimensions of other parts.
C. To reduce the load in order to reduce the widghensions.

Principle 43. Apply Support
D. To cover the path, along which an object isédransported, with a slippery layer of ice, adlaim,
or small balls.

Principle 48. Partial Preliminary Action
B. To make a notch, score, or perforation.
C. To reduce local strength.
E. To “make a road”, that is, to make it easy @mi$ to proceed in a desired direction.

Principle 49. Concentrate Energy
D. To change from three-dimensional action to sugrfaction, or to action at a point.
E. To use specific geometrical shapes.

Principle 51. Create Standards For Comparison
A. To use a light beam, (or a shadow, a reflectizrg photograph of a light beam) to obtain a model
(standard) of a straight line.
B. To use a liquid surface to represent a horidgitane to model (standard) of a horizontal surface
C. To build a model (standard) of a conic sectmrcle, ellipse or hyperbola) by pouring a liquida
a cone shaped container. The container can begresitso the liquid surface forms the desired
sectional curve.
D. To build a model (standard) of a parabolic stefaf-revolution using the surface of a liquid in a
gyrating container.

Principle 53. Integration Into A Poly-System
A. To combine a group of objects and to use thegetteer if the system’s complexity is due to small
dimensions of objects it works with.
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B. To combine a group of objects and then measudetect the combined signal if a weak signal is
difficult to measure or detect.
Principle 55. Reduce Scattering
A. To group objects so that losses due to scageriti be decreased.
B. To give an object a shape that will minimizeskes due to scattering. For example, to reduce heat
loss, a spherical shape is the best.
Principle 57. Reduce Stages Of Energy Transformatio
A. To reduce the number of energy transformatibias take place by using a new method of
operation.
Principle 59. Field Transformation
C. To introduce an additive in the form of powdarbbles, threads, films or drops, which will
transform the existing field into a required one.
Principle 62. Shape Transformation For Strength
A. To introduce an element with greater mecharst&ngth, such as ribs, corrugations, double-T
shapes, channels, box constructions, etc.
B. To change the shape of the part that is exptustte wear making it the same as the shape
previously produced by wear.
Principle 63. Transform An Object Micro-Structure
A. To alter the structure or composition of an @bja order to strengthen the most heavily-loaded o
weakest part.
Principle 64. Isolation/Insulation
A. To isolate the system from the source of thertfiar effect, in particular in the case of wearefir
explosion, evaporation, thermal impact, etc.
Principle 66. Change An Undesired Action
A. To influence undesired effect in order to makeditions secure for the system.
B. To redirect the harmful action away from theteys
C. To weaken the harmful effect by stretching tettime during which the action takes place.
Principle 67. Remove Or Modify The Source Of Harm
A. To modify the source of the undesired effecthsd the effect cannot occur.
B. To remove the source of harm (or the damageg) fram the system.
C. To trap harmful products.
Principle 68. Modify Or Substitute The System
A. To transform that portion of the system where ltlarmful effect is believed to take place.
B. To divide your system into parts so that thegpeompensate for the harmful effect of other parts
Principle 69. Increase The System’s ResistancelieoHarmful Effect
A. To decrease the sensitivity of the system tarariful effect.
B. To create “immunity” to the harmful effect.
Principle 71. Localize And/Or Locally Weaken A HduhEffect
A. To confine the harmful effect to a specific Itioa or time interval.
B. To shelter a harmful substance inside anothestance.
C. To weaken a harmful effect at a specific locatmd/or for a specific period of time.
D. To distribute or dilute the harmful effect.
Principle 72. Mask Defects
A. To multiply the defect so that a pattern devslophide the defect if a local defect cannot be
eliminated.
Principle 74. Reduce Contamination
A. To remove the contaminating effect via excludihg possibility of a contact with contaminated
materials.
C. To remove continually small amounts of contaringasubstance while operation continues.



R.K. Tessari, M.A. De Carvalho / TRIZ Future 2011 23

Principle 76. Reduce Human Errors
A. To divide critical operations into a series ohgponent operations, each performed by a different
person. Then, an occasional error by one persamt@ause undue harm.
C. To prevent dangerous human operator inactioa (@diorgetfulness, for example) by requiring
some positive action from the operator to keeststem operating normally.
D. To stop the system functioning normally or toigtw a safe mode of operation when the operator
becomes inactive.
E. To engage feedback to prevent a user from autzithe taking a certain action. Ask for
confirmation that the user desires that action.

Principle 77. Block Dangerous Actions
A. To make sure the operator must use both hankisejp them out of a dangerous area, especially
when starting the dangerous operation.
B. To set a limit to prevent dangerous operatingd@ons.
C. To create conditions under which the harmfuté@ftannot occur.

A.6. Templates

Template 1 — Addressing a problem at a higher sytgeel
Template 1.1 - To deal with the causes insteatieéffects.
Template 1.2 - To avoid the need for auxiliary @piens.
Template 2 — Problems related to time
Template 2.1. The need for additional time
a) To eliminate the need for an action.
Template 2.2. Postpone an action: If there is @ fi@edelaying an action (functionality of a syslem
the Primary Function Chain must be broken templgrarid then restored at the needed moment.
a) To turn the system off temporarily;
b) To introduce a temporary blocking (breakingnedat;
¢) To make the action object temporarily insensitio the action;
d) To move away temporarily the action object;
e) To take out a new (“foreign”) blocking elemehat has been introduced into the system by
using the resources only.
Template 3 — Problems related to space
Template 3.3. Modify an object/action
e) To modify an action so that it does not reqaimeobject to be that big.
Template 4 — Prevent a negative event from hapgenin
Template 4.1. Destroy/modify Flow Source/Path
f) To change the Flow Structure.
Template 4.2. Make the system unavailable for tbevF
b) To fool the Flow: To hide the System (to make 8ystem unrecognizable by the Flow);
¢) To misinform the Flow.
Template 5 — Wrong range/output function
Template 5.1. Modify an action (Flow/Path)
b) To create / to destroy the Flow structure;
¢) To maximize losses.
Template 5.2. Modify the action object by makingeaits of an action sensitive / insensitive to tbioa
b) To place objects where action concentrationgh hlow.
Template 7 — Standard Restriction on a potentilaitiom
Template 7.1. Introducing a new element when intotidn is prohibited
Template 7.1.1 — Ready-to-be-used elements
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¢) Use of part of an element.

Template 7.1.2. Changing an existing element whiehipited

a) To modify existing elements to obtain the regdiproperty (shape, symmetry, dimensions,
movement, structure, composition, phase state, trigdalc conductivity, magnetization,
transparency, other physical, chemical and geooattrharacteristics).

Template 7.2. Changing an existing element whehipited

b) To change only a part of an element;

c) To find other elements in the system that hdaesame characteristic and connect them so
that the connection would change the required chexiatic;

d) To divide the element into parts, one of whiahuld have the required characteristic and then
re-establish connection between the parts.

Template 7.3. Breaking a connection within a systdran prohibited

Template 7.3.1. If there is a need to break a otfiorebetween two elements because it causes
a NE, but it is prohibited or impossible becauseaofeason (e.g. system functioning will
deteriorate), then apply the Separation Principles

a) To break connection temporarily;

c) To break the Flow into two parts and reintegthtan so that the Negative Event disappears.



