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Dear Friends,
The time for TRIZesthas come and the fact that it is taking place in China is not incidental.

Last yealTRIZfed was comlucted in South Korea and that had been expected: for the last 10
years South Korea was a ATRI Z country number
Hyundai Motor, POSCO, LG, etc. A new wave of TRIZ penetration to SME is surging there

now.

However, ifwe look at the dynamics of TRIZ deployment and not just absolute numbers, the
leadership prize goes to China. It is not the only case with TRIZ, but also with patenting
dynamicsi in China it is the highest in the world. The connection of these twoiariter
understandable and symptomatic of the country focusing on innovation.

The MATRIZ conference of 2016 is very special: 2016 is an anniversary year of TRIZ founder
G. Altshuller as well as TRIZ itself. Looking back we can be proud of where we are how, o
the results that MATRIZ has achieved developing and deploying TRIZ.

The time period of 2022016 is indicative of continuous TRIZ proliferation in Agidndia,
Malaysia, Thailand, Vietnam, Indonesia as well as of an influx of TRIZ activities in Europe
Germany, Austria, Poland, Italy.

Besides traditional for TRIZ aredsengineering and R&D, TRIZ is confidently moving into
busi ness, I T, entrepreneur ship. Al nnovative
strategies of many European, American Asén countries.

| am confident thaTRIZfed 2016 will be productive and creative, writing another memorable
page into the history of MATRIZ!

Sergei Ikovenko
TRIZ Master
MATRIZ President
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Dear TREfest2016 participants,

It is the 1st time that the world most influential TRIZ conference held in China, especially, this
year i1 s TRI Z 60 anniversary and its founder
made TRIZest2016 more historical.

In the past 10 years, TRIZ made sfgrant progress in China, no matter research, training or
applications. Many companies are gaining benefits from TRIZ.

As a promoter in NICE (National Institute of CleandLow-Carbon Energy), Shenhua Group,

an industrial organization, | practically fehe power of TRIZ in problem analysis, problem
solving and patents generation, etc. With more and more project problems were solved with
TRIZ, we got a lot of solid results, the engineers learned special and better skills that the other
organizations damt hav e, and therefore, NI CE gained
innovation. An engineering culture of TRIZ is being formed in NICE.

TRIZfest2016 will be held in Beijing, and it will be a big move for TRIZ, since TRIZ is
entering the most active @womic entity of the world. For China, this event will open a new
world, since more Chinese TRIZ experts will have chances to see what is happening all over
the world. This will make China TRIZ grow even faster.

To prepare this international event is na¢¥ The organization committee from MATRIZ and

CAQ has done a lot of work. We are happy to see that these two influential organizations made
perfect cooperation and really made this event happen. We are appreciated the work by the
committee members.

Wehpe you enjoy this conference, sharing exp
in Beijing.

Yongwei Sun

Manager and Master Black Belt of Quality Management Department, NICE
MATRIZ Level 4 and Member of MATRIZ Presidium

Expert Member of China Counddr Promoting Six Sigma, CAQ
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DearTRIZfed 2016Participants,

Welcome toBeijing! It is a pleasure to aounce the proceedings of thetli2nternaional
ConferenesROI®BTRhZfch wil |l July2830206dBeitjeidngn Peop
Repubic of China

It is the second consecutive year when the conference of The International TRIZ Association,
MATRIZ is conducted in Asia, and specifically in China, a country which recently became the
world largest and influential technology center, andcihias been extremely active with
adapting, developing and implementing new methods and tools to enhance productivity,
quality and innovation.

It took some efforts to prepare this conference since The Organizing Committee received 96
paper abstracts wrgh by 137 authors and -emthors from 16 countries. The Paper Review
Board worked hard to select best papers to be presented at the conference.

This year lhe conferencencludes papers and presentations focused on the folldoncs:

ATRIZ researchmetodology, development.

A Development of competence with TRIZ.

Alntegration of TRIZ with other methods and tools to enhance systematic innovation
ASharing experiences with best practices of using and implementing TRIZ

AcCase studies with the use of 7RI

We would like tothankall the authorsand ceauthorswho presented their works in these
proceedingsnd therefor@rovided considerable contribution to the development of TRIZ and
its furtherdissemination around the world.

We would like to express our sincere gratitude to all the members ofRI#ed 2016
Organizing Committee who provided their help and supgemvell as members of tiaper
Review Committeavho invested their time to prepafre conference.

And at lastbut not least, we would like to express thanks to China Organization for Quality
which made the conference possible.

Valeri Souchkov

TRIZ Master

Co-chair of the TRIZest2016 Papers Committee
Vice President, The International TRIZ Association
Enschede, Aie Netherlands
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July2830, 2016. Beijing, Peopl ebs R

A KNOWLEDGE INSPIRED TRIMMING METHOD BASED
ON TRIZ

Yu Fef®, Tan Runhu®, Zhang Erji& Shi Weigan§
2Hebei University of Technology, Tianjid0013Q China

PNational Engineering Research Center for Technological Innovation Method and Tool
Tianjin, 30013Q China

Abstract

Trimming is one method of reorganizing system functions with partial existing resources, thus greatly
enhancing the system level ofemlization.The critical point for trimming process is that resources
mining and transformation in the system and sigystem, in with aspect conventional trimming
methods have some limitations. In order to effectively inspire designers to mine arfdritnans
resources, the inventive principles in TRIZ are taken as inspired knowledge during the trimming
process. Based on the mapping between functions and attributes, and similarity analysis of attributes
and engineering parameters, build the mapping rektip between the function and the invention
principle; Meanwhile, based on the inventive principles and the different types of resources needed in
getting the solution, construct the mapping relations between the inventive principles and the different
types of resources. On this basis, a knowledge inspired innovative design process model of trimming is
proposed and verified effectively in the innovative design of armoring machine.

Keywords trimming, inventive principles, resources, knowledge inspired

1. Introduction

Trimming is an analysis and solving tool in TRIZ, which solves problem by removing
components and reallocated useful functions with existing resources of the system and super
systeml. The trimming method has two steps. The firstégermining which components in

the system should be trimmed; the second, which is also the key part, is mining the useful
resources in the system and suggstem to reallocation the useful functions of the sydtm

The components to be trimmed areaity determined by some evaluation methodsich as

value analysis, cost analysis, et al. Useful functions reallocation is esseatmibcess of

mining andtransformingresources in system and suggstem®7l. In the conventional
method, this process mainly guided by some guiding rul&s®., YEOH proposed three
guiding rules based on relationship between components to search for resources available for
functions allocatior®’. SHEU extend the rules and construct a systematic trimming process
modcel . D.L. Mann proposes a series of heuristic questions to inspire designer find resources
available for functions reallocation, which based on function capturing, system completeness,
functional requirements and DFMX!. RAWATSCH propose some heui@stjuestions base

on technical evolution analysis to inspire desighierHow effective these guiding rules and
heuristic questions above are actually depended depends on the designer. The designers are
often unable to find available resources for fumusi allocation due to thinking inertia and
knowledge limitation$?.

12
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Inventive principles are some problem solving measures which derived from analysis and
summary of numerous patefi8, which transform and utileresources to solve problem. So,

it can be used as a kind of objective knowledge to mining available resources in the system and
super system for functions allocation. On this basis, a type of knowhedgs trimming
method is proposed, which inspire the designer with the objective knowledgellocate

useful functions.

2. Determination of Trimming Inspired Knowledge

Resources in the technical system can be divided into directly available resources and derived
resources. Designean easily found and use the directly available resourcestt® real
challengefor designer is mining the derived resourdEs'®. Inventive principlesassist
designers to mining artdansformingthe derived resources inside and outside the sysSem.

it can beused aghe inspiredknowledgeto derive resources for functions reallocation when
thecomponentde trimned. Therearenumerous principles and there are a number of specific
measures of each principl€herefore, for such a large number of inspired keolgé it is
necessary to build a retrievalethodto get the required knowledge quickly and efficiently

2.1 Function Based Classification of Inspired Knowledge
(). Relationship between functions and attributes

Huang and Zhan§®® pointed out that aftiutes are characteristics of a system or a
component and function can be regarded as maintaining or chahgiagribute(s) of the
system. Wherhe system get or lose some functighg attribute values will change or hold.
There are a total of 5&ttributessummarized by existing literatufd!. Integrating 37 functions
from function databasef Creaxand severafrom Innovation Suit, there are total of 43
functions!*®. Based on the attributes lise can gethe mapping relations between functions
and attributes, shown in Table 1.

Tablel

Mapping relations between functions and attributes

function attributes
Accumulate| mas& weighti volumei positiora shap@ surface finisi densityda homogeneity
deposit | mass& weighti volumei positiord shap@ surface finisA densitya homogeneity
a wholenesa phase state
é é

Sourndentification of Rel evantAt Tedbtruitcea IR eT raet ni dost
(2). Relationship between functions and 39 engineering parameters

Some of he attributes in Table 1 are derived by some other attributes. For example, mass is
the product of density and volume. So, we can consider that mass is derived from volume and
density. On this basis, the mapping relations between functions and engimpeganteters

can be constructdéf17,

Table 2

Mapping relations between functions amgjineering Parameters

function Engineering Parameters
accumulate weight of moving object/stationary objacpower volume of moving object/
stationary obje& shape

13



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

deposit

weight of moving object/stationary objacpower volume of moving object/
stationary objeé shape

s 7

e e

Sourndentification of Rel evantAt Tedbtruitcea IR eT raet ni dost

(3). Construcibn of the mapping relations betwe&mctions and inventive principles

When some parameters need to be improved in a system, Matrix 2010 gives some
recommended inventive principles to solve the proBt@mwvhich as shown in Table 3.

Table3
Mapping relations betweemproved parametendinventive principles
Improved parameters Optimizedprinciples Improved parameters  Optimizedprinciples
1 weight of moving object 313 353 40 3length of moving 43 143 153 17

ee

ee éee ee

49 ability to measure 23 24a 26a 28a 32 50 measure precision 33 4a 24a 32a 37

Source Matrix 2010

From the above, we can construct the mapping relations between functions/amtive
principles by combining Table 1 to Table 3, as shown in Table 4.

Table4

Mapping relations between functions andentiveprinciples

functions Optimizedinventiveprinciples

accumulate 1a 33 4a 7a 17a 193 30a 31a 353 40

absorb 1a 33 4a 7a 17a 193 30a 31a 353 40

corrode 1a 33 4a 7a 10a 113 123 14a 243 304 31a 32a 34a 35a 39

stabilize 1a 33 4a 5a 7a 9a 10a 11a 123 14a 152 16a 17a 19 21a 223 24a 25a 28
a 30a 31a 325 35a 36a 37a 39 40

extract 2a 12a 13 17

changes phase

1& 3a 7a 125 193 2434 304 31a 325 353 36a 40

join

1& 7a 30a 31a 353 40

mix 1a 7a 30a 31a 35a 40

clean 3a 16a 31a 35a 40

erode 1a 33 4a 5a 7a 10a 11a 14a 15a 17a 194 24a 28a 31a 32a 35a 3% 40
embed 1a 53 28a 2% 31a 35a 40

remove 1a 3a 7a 30a 31a 35a 40

condense 1a 3a 7a 19a 30a 31a 353 40a (36)

detect 5a 28a 35

evaporate 23 364 13 33 7a 304 314 323 353 363 40
produce 3a 31a 35

bend 13 33 4a 53 10a 143 153 17a 283 29% 35

cool 1a 33 4a 7a 14a 153 17a 30a 31a 32a 35a 36a 40
protect 3a 11a 12a 21a 223 244 343 353 39

dry 3a 19a 31a 35a 40

freeze 1a 33 7a 30a 31a 323 353 36

deposit 1a 33 4a 7a 17a 19 30a 31a 35a 40

decompose 1a 33 4a 7a 11a 123 17a 193 28a 30a 31a 34a 35a 40
vibrate 23 33 5a 93 10a 123 194 24a 26a 28a 323 34a 353 36

14
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preserve 1a 33 4a 7a 10a 113 123 14a 152 17a 194 213 22a 24a 30a 31a 32a 34a
35a 36a 3% 40

lift 12a 134 17

separate 1a 2a 113 153 25a 283 27a 29 35

prevent 3a 12a 21a 22a 34a 35a 39

locate 17a 233 32

destroy 3a 5a 9a 10a 12a 19 21a 22a 28a 35a 39

break down 3a 52 10a 123 19 28a 34a 35a 40

hold 3a 4a 7a 10a 16a 17a 23 24a 25a 32a 37

break down 2a 9a 11a 123 28a 35

heat 1a 33 4a 7a 123 14a 153 17a 19a 24a 30a 31a 32a 35a 36

move 153 183 21a 29 37

orient 153 283 29 35

assemble 1a 2a 7a 11a 24a 26a 28a 30a 31a 32

integrate/combine | 53 6a 7a 33 40

rotate 15a 17a 19

boil 1a 3a 7a 30a 31a 32a 353 36

2.2. Select thelrimming I nspiredKnowledgeBased on theMapping

RelationshipsetweerResources anérinciples

As alreadymentioned, any technique system is part of a sspstiem and a part of natute.

exists in space and time, consists of and/or uses substances and fields, and fugrétions.
Therefore, in TRIZ, resourcese dividedspecificallyinto six typeswhicharesubstance, field,
information, time, space and function resourés In the solving process, the inventive
principles are many measures of how to mining and transform resources. So there is a certain
link between the resources and principles.

Semyn D. Savransky classifies the inventive principles by functional attributes of technical
system and subsysten¥ll. Function can be described as maintaining or changing an
attribute(s). And we can easily know which types of resources are requireth@ve a
function in a technical systerSo, the mapping relations between the attributes and the type of
resources can be derived, as shown in FilgfdaThen according to mapping relations between
functional attributes and inventive principles, mappielgtions between resource types and
inventive principles can be deriv€ig. 1c-d-e). The ecific mapping relations are shown in
Table 5

/ Types of ‘/‘
| resources| g,

Fig.1 Construction of the mapping relations between type of resource and invenitiplps

15
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Table 5

Resourcéased classification of inventive principles

Types of resources Inventive Principles
Substance resources| 1,34,27,2,33,5,24,26,36,6,3,38,39,40,31,29
Field resources 13,22,10,9,11,8,15,16,18,35,32,36,37
Time resources 21,19,20,18
Space resources | 4,14,12,7,35
Information resources| 25,23,28

2.3.Multi -level selection strategy of trimming inspired knowledge

The inventive principles provide inspired knowledge to mine the available resources in the
system and supesystem However, there are a large number of principles and there are a
number of specific measures of each principle. Therefore, for such a large number of inspired
knowledgé it is necessary to build an efficient knowledge retrieval methgét the required
knowledge quickly. Based on the mapping relations between functions and inventive principles
and the mapping relations between resource and inventive principles, denalligelection
strategy of inspired knowledge is proposed, as shown in Fig. 2.

Inspired
e allies konwledge
classification —_—
Missing map | f(x),
function Y
Second
map |f(q) selection
Frst _7fffffj/ Inventive
selection N \principles

Fig.2 Multi-level selection strategy of inspired knowledge

First, when some components are trimmed, there must be some missing functions which are
necessary for system. According to the functions, -\mokiable 4 to get sommmspired
knowledge. This is the first time to selgettten, according to the missing functions, determine

the types of resource involved to achieve the function. igpkable 5 to get inspired
knowledge. This is the second time to sel¢esise knowledgeboth emerged in the two
selection process, will be the preferred knowledge we can choose.

3. Knowledgel nspired I nnovative DesignProcessM odel for Trimming

Theprocess model is shown in figure 3. Specific steps are as follows

(1). Select the target syste It can bean existing product ojust aconceptual design
scheme;

(2). Build thesystem functional model, which is the basis of trimming method.

(3). According to the design target, choose root cause analysis, cost analysis or harmful
analysis to determe the components to be trimmed. Then trim them and get the trimming
model.

(4). According to the trimming model, we can determine the system's missing function.
look-up table 4 to get the inspired knowledge.
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(5). Then, according to the missing functiodstermine the involved types of resource.
Look-up table 5 to get inspired knowledge. Those both emerged in the two selection process,
are the preferred inspired knowledge.

(6). According the preferred knowledge, the designer mines available resourbes in t
system or supesystem for the function reallocation. If successful, the solution is obtained.
Then go to the next step; if not, go back to the third step.

(7). If the solution meets the target, it will be the final solution; if not, go back to tle thir
step if there is any components to trim.

4. Case study

Cable industry ishe second industrin Chinal?Z. In some casg cables need to be equipped
with armor layemith steel strip, which is carried out by armoring machine, as shofiguire

4. Steel strip plate rotaswith the shafof steel strip plate. The shaft of steel strip plate through
mounted on the roller of spindle. However, the wedglitsteel strip shaft are not balanced on
both sides of the roller of spindle. The unbalanced degai inertia force produced by the
rotation produce additional dynamic pressyrespecially when the speed of spindle is fast.
The dynamic pressure affects the strength of the machine, redugesdbetionefficiency,
andleads to machine vibration andisel?®,

vy Slect existing
stems
2 _ |
ga ‘ Function analysis ‘
3 g Harmful Analysis
83 Root Cause d> Determine trimming
§ = Analysis components
Z % cost analysis
3 Trimming model
A
4 Determine
@ Cl ] @ missing function || I
{ ‘ of system @a
g o -
5 % a Select inventive || &
g5 principles S
23 J&
85| — | i
£ 3 . ¥
=3 Identifythe | g
ol resource category || 2
L] 8
Select inventive | §
principles || S
g ) Determine
o % Optimized principles
S @
33 l
2@ Whether avaitable
a 3 __resourcesfind or not in—_ N
g = the system or super
o ay.
5 Y
Doesit meets N there an
g the design trimming
c targets
2
=) Y
e i
| final solutions el
X ‘ solving tools

Fig.3 Theprocess model of knowledge inspired trimming method
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Fig.4 The structure diagram of current armoring machine

4.1. Determiration of the components to be trimmed

According to the root cause analygtse weights of steel strip shaft are not balanced on both
sides of the roller of spindidatleads tanachine vibration anceduca production efficiency

On this bass, build the functional model of armouring machine, as shown in figbire
According to theesults of root cause analysigtermining the trimming components are shaft
of steel strip plate and steel strip plate.

sup li nk» bearing ‘%F
hoI d hol

hol d
PP ui de vheel

hol d

rotate Syiprate

ng de ‘6“3‘0” Hr.ct steel stripplate | ) hold
Vi brat #

gui de
-

» eful » I nsuf fi ci ent ANAN Har nfiul

functi on function functi on

Fig.5 The functional modedf Armoring machine

4.2. Determining thenspiredknowledge of trimming

(). The useful functiosof "rotation” and "hold" to the roller and tension plate missing
after trimming the shaff steel strip plate. lockip table 4 and get those inventive principles,
A h o I3ad4a 7a 10a 16a 17a 234 24a 25a 32a 37;Ai r o t 1&a 1&a 19.

(2). The steel strip plate cannot rotate after trimming the sifaft So it apparently needs
energy resources to provide power. As shown irbfithe roller, which originallyhold and
rotated the shaft of steel strip plataybe camprovide the energgnd functionBut, how?How
and where thesteel strip plate and tension plaee hold obviously relaihg to the space
resource. According to analysikere is no directly available resources in the sysS&mlook

up table 5 and get those inventive miples rela¢d to space resources:ad4lda 12a 7.
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According to the intersection of the two selections reshiesoptimalinspiredknowledge of
trimmingaret he i nventive priandpNes4d4ofiadlpmimefingét |

4.3. Solution

According to thenventive principle of No.7 "nestinghested the steel strip platetteeroller
of the armoring machine. The improved system is shown 8, fignd the schematic diagram
is shown in fig.7.

‘ Suppor t %hol ()‘ condui t }I i Nk~

beanng%llnk-{ roller }7'10“1
holdﬂ.

rotate |
Y

X
gui de fricte| Sed strip‘ ‘ support of
plate qui de wheel

store \

hol d
gui de Hwap gui de adj ust

Fig.6 The functional modebf improved amoring machine
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- B

HH: \compactionl steel stripplate

Fig.7 The schematic diagram of the improved armoring machine

4.4. Theevaluation of the solution

(2).The shaft ofsteel strip plate disappears in the improgeaoring machinand there is no
new component adde8o, the structuris simplified.

(2). Centrifugal force is the product of the distance between mass center and shaft center, the
square of the angular velocity and mass, which is presented as’F3he steel strip plate
through mounted on the roller in the improvatnoing machine so the distance between
center of mass and center of axis is zero. As a result, the centrifugal force which is the source
of harmful effects of vibration and noise disappear, then the stability and the production
efficiency are improved.

(3).For the improve@rmoring machinet is workable in principle. The 3D simulation model

of the improvedarmoring machineis shown in fig.8. Existing mechanical processing
technology provides technical support for the scheme and it has been accredited by engineers
in a cables enterprise.

In conclusion, the improved design eliminates severe vibration and noise, effectipatyes
the safe operation speed and the production efficiency.
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support steel belt plate roller

/cable

Fig.8 The 3D simulation model of improved armoring machine

5. Conclusion

On the basis of the existing trimming methods, gaper introduced the inventive principles

as the inspired knowledge of mining the available resources in the system oesysipsr,
having making up the limitation of lacking objective knowledge inspiration in the process of
system useful function assigemt in the existing trimming. Starting with missing function in
trimming model, construct the mapping relationship between the function and the invention
principle and the mapping relationship between the resource type and the invention principle.
On thebasis of this, a fast and effective heuristic knowledge selection method of trimming is
established. And construct the innovative design process model of trinifhiagnnovation
design of armoring machine shows this method can effectively support thergnmnovative

design process, which is conducive to the effective and rapid product innovation.
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Abstract

In Classical TRIZ, Substandgeld Analysis and a System of Standard Inventive Solutions has been
regarded as two complimentary toolsstive a majority of inventive problems emerging in the areas

of technology and engineering. The paper addresses the question: can the same or a similar approach
be used to deal with problems and challenges emerging in the areas of business and management?

In addition to introducing a problem modelling framework similar to Substiisté modeling, a new
categorization of types of inventive problems and a new system of Standard Inventive Solution Patterns
for Business and Management (ISBM) are proposed.apbeoach is illustrated by a number of new
definitions of Inventive Standards for business and management.

Keywords: TRIZ, Standard Inventive Solutions, Inventive Standards, TRIZ for business and
management.

1. Adaptation to Business and Management

1.1.A Cassical Approach

As follows from the studiegerformed to identifyvhich TRIZ technique is used most often, it
was found that the most popular technique are a combinatithre afontradiction approach
with 40 Inventive Prigiples and Contradiction Max [1]. However, it is not well known that

both 40 Inventive Principles and Contradiction Matrix were abandoned from the use in TRIZ
by their author G. Altshuller who, after many years of developing TRIZ, came to the conclusion
that the Contradiction Mak and Inventive Principles provide rather low effectiveness due to
the high degree of trials and errors [2].

During development one of the major TRIZ techniquesRIZ, it was revealed that the vast
majority of inventive problems occur due to an undesetect which appears as a result of
physical interaction between two components or several groups of components. in ARIZ, such

components are known as a fitool o: a compone.
action), and a i whose dttrilcute @r. a g@up ofaatimiputes expetiences

change as a result of the action produced by
is known as a ficonflicting pairo in ARI Z [ 3]
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generalize ad describe a number of typical physical interactions between a product and a tool

as well as effects emerging from such interactions and match them with a number of typical
solution patterns. Such solution patterns specify how a certain problem carvée I3pl

modifying a system that includes the conflicting pair. Such typical patterns of solutions were
collected to a system which is known as a fS
fact, the collection of Inventive Standards was developedpiace the Contradiction Matrix

and 40 Inventive Principles. Inventive Standards are more formal than Inventive Principles
since they operate with specific models of systems and problems. Inventive Standards are more
accurate than Inventive Principlesdanarrow down search field towards a solution space

which includes most ideal solution models.

The term Alnventive Standardo means that the
a group of different inventive problems that have the same probtatalnTo solve a problem

with Inventive Standards, there is no need to explicitly formulate a contradiction, which still
presents but remains hidden in the problem formulation.

To model different technical problems in uniformwaycsa | | ed AFRIdb MbdatEi ngc
approach is used. The basic concept is that any part of a technical system where a problem
emerges can be presented as a system of interacting substance components and the problem is
exposed as undesirable change of either a substance cortnpoasernnteraction. Interactions

between substance components are presenteddoysb | ed At echni cal fi el d:
The role of fields and forces is to carry a function produced by one of the modelled components.
Examples of such technical lids are mechanical, acoustic, thermal, electric, magnetic,
electromagnetic, etc.

A problem model is defined in terms of a substaindgee | -l i efigddd) whi ch consi
two substance objects and a field/force between them, which provides ioterasponsible

for the problem. An object might be an aggregated group of objects as well. For instance, su
fields presenting a model of a system and a model of a problem of ineffective cutting of frozen
butter (object 1) by a knife (object 2) are showirig. 1. The dashed line indicates a problem:

cutting is delivered ineffectively. Both the substance components interact with each other via
mechanical field.

F F
MECHANICAL MECHANICAL
KNIFE BUTTER KNIFE BUTTER
a) b)

Fig. 1. Substancdield modes of a) a system for cutting bread with a knife andfl® problem of
ineffective cutting of butter by a knife. A dashed line indicates that the function of cutting is delivered
ineffectively.

An Inventive Standard consists of two parts. The left part specifies a generic model of a
problem and might includsome critical restrictions. The right part shows a model of a
solution. For example, one of the Inventive Standard which can be applied to the problem
model presented above i ncl ufdtesecdasdany tofmprove o wi n g
efficiency okufield, and replacement of dield components is not allowed, the problem can

be solved by the synthesis of a dualislad by introducing a second field between the substance
components whichis easytoconwol. ( Fi g. 2)
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FMECHAN\CAL FMECHANICAL
@ - @ >0—©
KNIFE BUTTER KNIFE\ /BUTTER
I:THERMAL

Fig. 2. Solving a problerof cutting frozen butter by applying an Inventive Standafir ansi t i on t
dual SuF i e. A sofution is that the knife produces heat during cutting which melts butter.

In the past decade, TRIZ has becameognized athe best practice dhe innovationfront-
endat a number of worldeading companies. While the vast majority of TRIZ applications
cover technology and engineerjrtge fundamental concepts of TRIZ approach to problem
analysis and creativdeas generation are based on several fundamentamswhich can be
used within a broadeontext than technological and engineering only

Among such areas where innovative problems emerge and which cause large interest are
business and management. One of the authors has been exploring applicabilitZ ¢d TR
business and management since 1998 [5], including application of the System of Inventive
Standards, and the results seem to be rather encouraging.

The phenomenon of successful applications of TRIZ and its tools htebnical domains

(e.g. [6]) can be explained by the fact that TRIZ focuses on studying-leigtl patterns and
regularities of nodinear (in other words, inventive) evolution of technical systems. However,
these systems are a subset of a broader class of artificialmam systemsSince the TRIZ
paradigm was successfully confirmed across many engineering domains from mechanics to
microelectronics, a key assumption can be made that general mechanisms of systems formation
and evolution are similar and do not depend much on a donmfainkifig patterns which we

use during a phase of creative problem solving process, deal with changing systems, would it
be a car, or a building, or a pizza shop. Therefore another assumption is that once we need to
solve a problem in the knowledge area Whicbased on evolution of systems, such as business
systems, or social systems, we tend to apply the same abstract patterns as in case of technical
systems.

For example, imagine a system (in any domain) which consists of two objects: 1 and 2. Objects
1 and 2 interact with each other, and the result of this interaction is that object 1 negatively

affects object 2. There is a set of abstract solution patterns to prevent this problem from
reoccurrence by changing a system of objects 1 and 2:

A We can shield gbct 1 from object 2 by introducing a new object 3 between them.
A We can remove object 1.
A We can increase the distance between object 1 and object 2.

The usability of one or another pattern depends on a specific set of constraints and demands.
A more difficult case happens when we need to maintain the interaction between objects 1 and

2 since it produces a positive effect in addition to the negative effect. In this case, the solution

patterns are as follows:

A We can introduce object 3 between objects lamtigh will filter out the negative part
of interaction while letting the positive action to pass through.

We can eliminate a property of object 1 which produces the negative effect.

We can neutralize a property of object 1 which produces the negative. actio

We can decrease sensitivity of object 2 to be affected by the harmful effect.

T T T
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A We can modify the environment of objects 1 and 2 so that the environment neutralizes
the harmful effect.
A etc.

As we can see, such abstract patterns can be interpreted wilapglied to virtually any type
of systems: from microelectronics to social systems even if these domains incorporate rather
different backgrounds.

The problem with the Classical TRIZ System of Inventive Standards is that it was developed
for engineeringpplications and therefore brings specific technical language. There have been
attempts to create either universal or simplified systems of Inventive Standards through further
abstraction, for example, presented in [7], [8]. However, too much abstraetides to a
contradiction: the more abstract problem solving patterns are, the more universally they can be
applied but their use becomes difficult due to a large gap between the degree of generalization
of such patterns and specifics of readrld problemsThis contradiction can be resolved by

maintaining a balance between the patterns of the high degree of abstraction and patterns of a

lower degree of abstraction which can be less universal but important for a specific knowledge
domain.

Another interestingpproach is suggested by M. Rubin [9] who attempts to develop a universal
system of standard solutions in which the problem solving patterns are structured along the
lines of solutions evolution. However, while the approach is promising, several critical
guestions arise: for example, one of the lines of evolution is the line of software evolution
which may not be treated as universal.

1.2.0bjectField Modeling hstead of Substandgeld Modeing

As mentioned above, earlier attempts to directly applyattginal TRIZ techniques and
knowledge bases to ndachnical areas caused certain difficulties, primarily due to the specific
language used in the original TRIZ texts related to technology and the lack of examples and
case studies from business and managnt. Due to this, attempts of some TRIZ experts to
transfer TRIZ to business and management by using classical TRIZ materials, which were
designed for the use in technology and engineering, often failed. For example, trying to explain
a substancéield analysis to a human resource manager in most cases creates confusion when
the manager tries to imagine that a person
perception gap and difficulty with transferring TRIZ knowledge to thetechnical wold.

Regarding classical TRtdased substandei el d anal ysi s, aubgianc@bl em w
can be easily solved by replacing the word i
any material or nomaterial matter within specific context and bensl(e.g. person, paper, car,

report, conversation, sal ary, bonus) . Even ¢

considered as objects since they capture clear contents within specific blordeidition, a
process or its part can be identifieslaan object.

However, a | arger difficulty is creaftldd by
when modelling business and management problems in terms of subdstaned d (-or
fieldo) analysis. We mwesttemont eNttelcahtni chaé d
version for technology and engineering doe
(for example, such fields as fithermal fi el
they were introduced tonprove convenience of modelling and solving technical problems.

Some TRIZ developers tend to eliminate a field from a problem model to simplify the problem
solving approach by leaving only objects and a function between them in the problem model.
But theuse of the concept of field is essential due to the fact that it is a field which defines
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background of interaction. For example, when two persons have a conversation in a room, we
can define several fields creating this interaction: visual, verbal, emagtioformative. But

not all these fields are usually a source of a problem: it can be either visual field if one person
does not I|i ke how the other person | ooks; or
person; or informative field if one pers does not receive all facts he expected to hear. As
known in classical TRIZ, a more ideal solution to a problem most often can be obtained when
we focus on the improvement of a specific field which causes a negative or insufficient effect.
A solution hado be found while maintaining this field without replacing this field. Therefore

if one person visually irritates another person, the most effective and a solution most close to
ideal one can be obtained by dealing with visual field rather than verin&bionmational fields

(thus trying to solve a wrong problem). A model of a problem in case of a problem caused by
irritation must include visual field.

To create a classification of such fields, Belski [10] proposesad | ed A human fi el
are basedn human perception and are organized to five classes: 1) Senses, 2) Verbal
communication, 3) Nowerbal communication, 4) Real material possession, 5)-ridain

material possession. While this classification is useful, other types of fields can be used, fo
example a field of Acohesiono. Il n additi on,
as well when modelling inventive problems. As follows from our experience, when modelling
systems in objedield terms, some fields can be aggregated. Famge, there is no need to
separate between visual and verbal components in communication unless only one of them
causes a problem. Several examples of olfjelct models of business systems are shown in

Fig. 3. The study of types of fields which can Is=d to define functional interactions in
business and management systems is currently under way.

F F
INFORMATION DEVELOPMENT COMMUN|CAT|0N

. STUDIES . . DE VEL OPS . . WATC HES .

MANAGER REPORT TEAM PRODUCT AUDIENCE PRESENTATION

Fig. 3. Several instances of objeitld models which include critical fields

1.3.Problems and Solutions

Similar to technology, in business andnagement, vast majority of problems arise when a
specific interaction can not affect value of a certain attribute of at least one of the objects
engaged to interaction or both objects as desired, or the interaction can not prevent value from
being affectd. A problem emerges because it is not known how to either change value of an
attribute within the constraints and demands given, or opposite, how to prevent the value of an
attribute from being changed.

Since none of known solutions and problem solviregthoads available in a specific business
domain help, a new solution which has not been known before is required. In technology, such

probl ems are called Ainventived. A major dif
once a problem in technology solved, it can be patented and a solution can be called

Ai nventi ono. I n business, however, patents &
called Ainventionso. Nevertheless, if a radi
beenprposed, it makes sense to cal/l such both

For example, a very common case in various businesses is that sales of a product at the
consumer market do not bring sufficient revenue. Such a problem can be modelled as
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ineffecive result of interaction between two objects: a supplier and a consumer. But depending
on a situation, a field in each specific case which is responsible for the interaction that creates
the problem might differ: for example, it can be informativethe supplier does not convince

the consumer to buy the product; or tiugtthe consumer does not trust the supplier. As clear,

in both situations both problem models and solutions will be different. In the first case, the
problem will be created by thetaraction between a supplier who does not provide enough
information to the customer, and in the second case, it will be a problem based on the field of
Atrusto which has nothing to do with either
produd.

FiNFoRMATION
/ \
. e—e
F « o SUPPLIER CONSUMER
. —————— . D ~\ Frrust
SUPPLIER CONSUMER ’ N
SUPPLIER CONSUMER

Fig. 3. Role of specific fields in modeling problems in objéetd terms

On top of that, there might be another reason why consumers do not purchase the product:
because they do not feel happy about owning this particular product due to its blegign.

case, the field will be emotional, and the interaction will be between the product and the
consumer, while the field will be emotional: the product does not produce sufficient emotional
impact on the consumer.

In summary, understandingwhatf i el do i s responsible for cre:
down the scope of future solutions towards most ideal solutions space by focusing exactly on
dealing with that particular field.

1.4.Modelling Problems

In both substaneéeld and objecfield models presented graphically, problems are specified
by defining a specific problemoreating type of interaction. There are five general types of
interactions which identify problems, as shown in Table 1.

Tablel

Types of interactions specifying problemsobjectfield models

Graphic

notation used Examples

Type of interaction

1) The project is not delivered in time. 2)
Insufficient(ineffective) Revenues from sellingproduct are

result ofinteraction insufficient. 3)Advertisement does not
producesufficient conversion rate.

1) Too much budget is spent for advertisir
2) Too many visitors overload reception
workers.

Excessivgnonoptimal)
result of interaction
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1) A manager poorly controls a business
_____ process. 2) Deliveries by a supplier can n
be properly controlled.
Harmful (negativeyesult of 1) An c_)ffice worker irritate_s other people ir
) : VWV | the office.2) Loud packaging process
interaction . ,

disturbs employees in a room.
1) Results of audit are inaccuea?) A
company produces wrong forecagk.
I nformation about r
activity is missing.

Poorly controlledesult of
interaction

Non-informativeor incorrect
result ofmeasuring effectof | = =— =— =
action or interaction

It is often a case, when insufficient, excessive or poodstrolled results of actions or
interactions are misinterpreted as harmful. It is important to identify harmful interaction by the
following rule: a harmful (negative) interaction is such interaction which does not produce any
positive effect but which sailts in the negative effect that is absolutely not desired. For
example, if the supplies are not delivered in time, it can be either insufficient or poorly
controlled result of interaction since the final regutieliveryi is a positive effect but not
delivered as expected. However, in case if a product is broken during delivery we deal with a
harmful effect of interaction since there is no desire to have a product to be broken at all.

2. A New System of Inventive Standards for Business and Management

2.1. Structure and Organization

The classical System of 76 Inventive Standards was organized and structured by G. Altshuller
on the basis of evolution of technical systems: from agxasting technical system to the point

when a technical system experientr@sisition to a microlevel of integrates to a supersystem.

The system is divided to classes to separate Inventive Standards for change from Inventive
Standards for measurement. The system of Inventive Standards for business and management
is organized ira slightly different way: there are no classes, but there are groups according to

a category of problems. Each Inventive Standard has a number where the first number stands
for the group (category of problem), and the second one locates place of thevénStamdard

in the groupA current version of the system is based on combination of a study of over 1200
different business cases.

Similar to the classical system of 76 Inventive Standards, where the same sufiskdnce
models of solutions can be used the problems of change and measurement/detection, in the
system of Inventive Standards for Business and Management (ISBM), the samdi@ldject
solution models can be used for different type of problems.

Currently all Inventive Standards for businesd amanagement are organized to five groups:

1 Group 1: Improving insufficient effect of an interaction.

1 Group 2: Improving excessive effect of an interaction.

1 Group 3: Improving poorly controllable effect of an interaction.
1 Group 4: Eliminating negative effeof an interaction.

1 Group 5: Organizing or improving measurement and detection.

In each group, inventive standards are ordered according to the degree of system change, which
is required to solve a problem. Inventive Standards which do not requireclagge are

located in the top of the list and Inventive Standards which require adeatge change are
located at the end of the list.
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It is important to note that only those solution patterns are included to each group which are
most often used to sathis particular category of problems.

Currentlythe ISBM system [11] includes 38ventive standards (fig. 4). As said above, some
of the inventive standards in different groups have identical solution models while the problem
models are different.

1 Groupl: Improving insufficient effect of an interaction
0 Standard 11: Transition to internal complex model
Standard 12: Transition to external complex model
Standard 13: Introducing intermediary
Standard 14: Using existing resource
Standard 15: Using modiéd or new environment
Standard 16: Transition to dual model
Standard 17: Transition to periodic action
Standard 18: Introducing selective protection
Standard 19: Introducing selective amplification
Standard 110: Segmentation of objects and processes
Standard 111: Dynamization of objects and processes
Standard 112: Transition to biand polysystems networks
Standard 113: Increasing differences in-laind polysystems
Standard 114: Increasing depth of nesting
0 Sandard :15: Paradigm change
1 Group2: Improving excessive effect of an interaction
0 Standard 2L: Introducing filtering
0 Standard 22: Modified environment
0 Standard 23: Removing excess of action
1 Group 3: Improving poorly controllable effect of an interaction
0 Standard 3L: Introducingntermediary
0 Standard 2: Transition to external complex model
o0 Standard 33: Replacing paradigm
0 Standard 34: Outsourcing to supersystem
0 Standard &b: Transition to chain model
1 Group 4: Eliminating negative effect of an interaction
0 Standard 41: Introduchg intermediary
Standard 42: Introducing modified intermediary
Standard 43: Distraction by a new field
Standard 44: Introducing antipodal action
Standard 45: Introducing conditions
Standard 46: Modified object in advance
Standard 47: Periodic action
Standard 48: High speed
0 Standard 49: Paradigm change
1 Group 5: Organizing or improving measurement and detection
0 Standard 5l: Problem change
Standard 2: Using a copy
Standard 83: Successive detection
Standard ®4: Indirect resource measurement
Standad 5-5: Transition to a dual model
Standard 56: Transition to biand polysystems
O Standard 57: Measuring derivative

O OO0 O0OO0OO0OO0OO0OO0OO0OO0OO0OOo

O OO0 O0OO0OO0oOOo

O O O O0Oo

Fig. 4. Contents of current version of the System of Inventive Standards for Business and
Management
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2.2.Examples of InventivBtandards for business and management
To illustrate how inventive standards are presented in ISBM, we present several in

standar ds

from the | SBM syst

em devel op

system, each inventive standardascompanied with one or more examples of spe:
solutions to better explain meaning and applicability of an inventive standard.

Table 2

Randomly selectebhventive Standards from each group

Group 1: Standard -4:

1-4

If there is an insufficient (ineffective) effect of interaction
between two objects A and Band it is not possible to introduce
a foreign objectanalyze if there is already any objgs) in the
existing environmentof objects A and B which property careb
used to achieve the desired effect of the interaction. The
existing object can be used as dlable system resource to
boost, accelerate or amplifghe effect of the insufficient
interaction.

Existing Resource

F2—

/F1\ /F1\\ /
e "e—e——¢

Explanation: If it is not possible to introduce a foreign object tg
your system, study what resources (material, energy, informat
knowledge, human) a systeatreadyhas to which your objects
belongs. In many cases, the environment within a system has
IS RAf&@ I @FLAfFofS NBaz2dz2NDS 4
of an interaction without changing other conditions or
introducing additionabbjectsto the system. In this casa,main
principle behind thenteraction (usually, a process which provid
the interaction) does not changelowever in some cases, the
resource object can provide a new field.

Example: Using the
O2YLJ yeQa H
paper coffee cups to
print company news on
the cups tkeep the
customers continuously|
updated in ordeto
improveinformation
flow from management
to employees.

Group 2: Inventive Standard-2:

2-1

If there is an excessive effect of interaction between the objec
A and B, introduce a new object between the two objects, whi
possesses the property to withdraw thexcess of the

interaction while providing only the necessary degree of effect
(filtering), or to redirect only the needed part of the interaction.

F_C
N
/F\ / | F
°o=e" o
A B A B
F__C
/F\

Example: At a large
company, all feedback
information arriving
from the department
employees would
overload a department
manager. To solve the
problem, the manager
assistant position is
introduced to deal with
growing information
flows and selecting
those critical issues tha
should be forwarded to
the manager.
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Explanation: Excessive interaction is different from the harmfu
onebecause it does not directly produeenegative effect or the
negative effect produced can be neglected, but we would still
to have some optimal effect as a result of interaction. A foreigr
202800 KlFLa G2 0S02YS I 1AYR
receive an action from object @&nd transfer the action on object
B without excessive effects that would accompany the excess
interaction. Often, the excessive action is not allowed due to
some negative effect that would be caused by the existing typ
the flow providing the interetion. Analyze what attribute of
object B has to be changed, and find such a mediator that wol
convert the flow from the object A to another form but the
required change of the object B would be achieved.

Group 3: Inventive Standard-3:

34

If there is a poorly controlled effect of interaction between two
objects A and B, consider replacing an object A or object B wi
object C that resides in supersystem.

C (Supersystem)

F.—-—"’"'
F
P \ /
®------ o=@ O
A B A B
C (Supersystem)
F —
F
PN \ /
* "e-¢ o

CommentA field behind theinteraction can remain the same or
can be replaced with a more effectifield (e.g. replacing manua
control with automated control).

Example: In case of a
project, which requires
specific competence no
available in the
organization, the
competence cabe
brought by hiring an
independent expert.

Group 4: Inventive Standard-8:

4-8

If there is a harmful effect resulting from positive interaction
between two objects A and B, and if the object is subjected to
harmful or hazardous actions within thprocess of the
interaction, consider conducting the process at a very high
speed.

F

SN AN
,\/\/W? -,@_’?

Explanation: Many processes are accompanied with harmful g
undesired effects due to the nature of the processes. These

factors can be removed or considerably reducdtiéf process is
conducted at a speed significantly greater than the current spe
of the process.

Example: Restructuring
a department can ba
painful process if
performed slowly. It is
suggested to produce
restructuring within the
shortest term possible
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Group 5: Inventive Standard-8:

54

If a certain parameter is difficult to detect or measure, a

problem can be solved by indirect measurement or detection ¢
another object or a field present in the system, change of whig
depends on a change of the parameter to be measured. Inste

Example: It is difficult tg
directly detect a exact
moment when a
supplier shipped the

needed materials
through the courier mia

of dired measurement or detection of the parameter needed,
another parameter identified with the first one is measured or

detected. if a supplier has not
provided information to
Fp — a customer timely.
F F B Howeverijt is possible
./ ™~ ./ \+\ / to learn about the
————— > -————— . .
A B A C (Present) shipment by requesting

service from a postal
company used by the
supplier which will alert
the customer each time
the shipment has been
made.

3. Practical Applications

Currently, the ISBM system is used in two types of TrRilated activities: training and
innovative problem solving. The ISBM system has been taught regularly since 2012 at training
workshops on TRIZ for business and managementdwiadke for business professionals [12]

(fig. 5). The system has been accepted rather well, despite the lack of technical background by
many students. Often, students find successful solutions toveell problems which they

bring to a training workshop.

Regarding application of ISBM for solving real problems outside the training activities, during
last several years, a number of solutions were obtained with different categories of customers.
Such solutions mostly addressed resolving conflicts eithernéthiorganisation, or between

an organization and its supersystem, for example, a supplier or a customer. Sometimes ISBM
was used to improve customer relationships, enhance a product image, increase revenues, and
so forth. Unfortunately, the size of thiager does not allow us to demonstrate these cases in
detail.

Fig. 5. Applying a System of Inventive Standards for Business and Management to solve a real
problem related to improvement of training business during training process. Hsinchu, Taiwan,
Decemler 2015
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4. Conclusions

Fast and efficient solvingof nemt andar d, Ai nventiveo probl ems
and development of virtually every business. Today many business professionals start to realize
that traditional ways of innovatiyeroblem solving which rely heavily on random methods of

idea generation like brainstorm may look fascinating and inspirational, but they often lead to
considerable waste of time and resources, as well as to making incorrect decisions. New
systematic and sictured methods supporting continuous process of new business ideas
generation are demanded.

Problems can greatly vary in scope: for example, one problem is how to resolve a local conflict
between a manager and an employee at awgtamhile another ptdem is how to increase
worldwide sales of a product by a large multinational corporation. However, despite the scale,
solution patterns to both problems may be identical. Knowledge of such patterns drastically
accelerates search for solutions close talidad enhances personal problem solving skills.

In summary, the ISBM system has the following features:

1 No need to learn TRIZ for technology and engineering. Basic TRIZ concepts and
fundamentals as well as basic concepts and fundamentals of ISBM sysidme ca
learned directly for business and management.

Language used is understandable within business and management environments.

Classification between problem categories helps to quickly move to the group of
inventive standards which is most adequatesédving a problem required.

1 Examples are brought from the areas related to business and management.

The system can be used for solving problems of various scale and used both by large
and small businesses.

1 The system can be used to solve all types oflenad causing conflicts even if such
probl ems are not recognized as fAinnovatiyv

Further development activitiesill focus on refinement of Inventive Standards included and
organization ofSBM systenmpropsedas well as withextracting and structuring nepatterns.

Il n addition, work on the improvement of a t
areas is scheduled.
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ACCELERATED TRIZ PROJECT EXECUTION
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MP Solving Belgium

Abstract

Many companies propose three types of TR&sed services: project execution, group
facilitation and training. The Main Parameters of Value (MPVs) of these services are
determined and their respective perfontes are subjectively evaluated. It is possible to
improve training and group facilitation services by combining them with other services: this
usually corresponds to the current formula proposed by the best TRIZ consulting companies.
As for the improvemenof project execution, some practices for the enhancement of MPVs
except cost are given. Besides, the limited cost often wished by clients for this service puts the
TRIZ consulting companies in face of a contradiction between cost and quality of developed
ideas. The resolution of this contradiction leads to the development of the accelerated project
execution. In this type of service, a specific accelerated roadmap for product innovation which
contains the minimal number of useful TRIZ tools is designe@d#ah project. Accelerated
project execution is also based on the dynamic selection of the most promising conceptual
directions, key problems and ideas to be developed. Some hints for this selection as well as
some sanitized examples are given so aslfthe TRIZ practitioner applying this necessary

type of project execution in the current context of cost pressure in the global economy.

Keywords: accelerated, training, group facilitation, project execution, contradiction, cost,
guality, main parametenf value

1. Different TRIZ -based services

A lot of companies around the world propose THRESed services, actuallyfor the sake of
simplification- three main services:

1 Project execution: the consulting company takes the responsibility of the results and
delivers them to the client. This is the most current TRIZ service.

1 Training: the consulting company trains the client in the theoretical and practical
aspects of TRIZ. This is the second most current TRIZ service.

1 Group facilitation: the consulting compafacilitates a group with the help of the TRIZ
method, so that the client generates the results. Theoretically the group is not familiar
with the TRIZ method, or at least not trained. This TRIZ service is rather rare.

These services are in relationshighwmvhat can be actually done for or by the clients. Here is
a list of typical applications of the TRIZ method:

1 Sustainable and/or radical innovation of a product or process;

1 Prediction / roadmapping of technologies;

1 Intellectual property enhancemdpatent fencing, patent circumventing);
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)l
)l

Identification of new applications / new markets for an existing technology;
Identification of the causes for a failure / anticipation of failures.

The scope of the present article will be the sustainable and/oakrathovation of a product

(or a process considered as a product), because this application is often asked for by the clients.

2. Determination of MPVs for TRIZ -based services

The situations of the companies which are potential or real clients of TRIZesengaally
differ a lot. However one may generalize and affirm that these companies consider the
following MPVs (Main Parameters of Value) [1] for such services:

T

1/Cost. This is especially true in the current g308 era: the economic crisis is not
over,the companies and their shareholders want a quick and high return on investment
more than ever. I n this context all the
are under pressure.

1/Time to results. Usually when the client decides to go foRE Bervice, he wants

that it begins soon, and that the results arrive quickly, typically within some weeks or
months.

1/Time devoted by the client (in men.days). As an example, for a project execution, a
client always asks how much time its team shoultbtieto the project: actually the

client should take some time to explain its challenge, to answer some precise questions,

c

to participate in meetings, etc. But this time should be limited.
1 Quality of the developed ideas. This depends much on the funétibe dient within
the company. Two extreme cases may be considered:

o The production manager needs at least one idea that can be readily applied in
the factory with success, so as to reduce production costs, improve productivity

or eliminating a harmful ééct, for instance.

o The R&D manager usually wants several innovative solutions which will help

him designing future products or processes.

1 TRIZ skills developed by the client. It is often wanted by the client to incorporate the

TRIZ method and associatekills. This is not possible with any type of service.

1 Results appropriation by the client. This aspect may be particularly critical in the
context of project execution. The results
appropriate the resujtgproposed solutions may be not tested and therefore not

implemented for that mere reason.

These MPVs given by the author are based on his experience, and therefore subjective. Some
MPVs may be correlated. Some MPVs may be contradictory. In Table 1 thes NPV
performances are subjectively estimated for each service, as low, average, or high. The
performance of MPVs must be maximized therefore three inversed formulations have been

defined above. Note that the following assumption has been considered fakthefs

comparison: after training, the trainee applies what he learned on his project: he analyses and

develops his own ideas; this work can be partially done by a team of trainees.
Note also that we have omitted as MPV the credibility of the TRIZ congudttmpany, which
is not relevant in the present study, but is clearly key for the purchase of its services.

T Project execution is meaningful for compe
will to train their employees to TRIZ. There may be diffene@sons for this lack of
will:
o They dondt know TRI Z yet. Often projec

test the TRIZ method while testing the consulting company.
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interest to learn TRIZ because they adasthat they will need the method not

often enough: the daip-day of a factory should be first concentrated on quality

and productivity.
They believe they can solve most of the challenges they face without any
method.

So project execution:
Is a good wayo test TRIZ and get a first acquaintance with the method. It is
usually recommended to take a tough challenge which is well defined.
Is good for companies, in R&D or production, which need a punctual help for

tackling technical challenges that are toagio for them, or for which they have

a current lack of human resources.
Is adapted for challenges for which the expected return on investment is
important, because it is costly.

Table 1. Evaluation of the MPVs of the three main TRIZ services

Project

Group

MPVs execution | facilitation Training
1/Cost Low to High Low
Average
. . Low to
1/(Time to results) Average High Average
1/(Time devoted by the client) High Average Low
Quality of developed ideas High Average Ll?l\i/értlo
TRIZ skills developed by thelient | VeryLow | VeryLow Ll?l\i/icl]rtlo
Results appropriation by the clien Low High High

3. Current status and possible improvement of the TRIZbased consulting

services

Even though it would be possible in another context, the intent of the presentiamniatdo
perform a systematic study of the TRIZ services themselves, with the help of the TRIZ method.

Rather, the evaluations given in Table 1 are commented below, and they constitute a starting
point for the improvement of the main TRIZ services, irtipalar for project execution.

3.1. Training

Training may be very costly, depending on the number of trainees and the MATRIZ level to
be reached (1, 2 or 3) (MATRIZ levels are considered here, for they constitute a popular
standard; other standards exist and the proposed approach in the predens atandard
independent). Therefore it must often be seen as atemd to longterm investment for
companies which aim at internalizing TRIZ, so as to execute themselves their projects and at

the end, so as to systematically innovate. Training is alftudevoted to people who work in

R&D and i
be defined as the time duration between the first training (level 1) and the end of a project that

nnovat.

on.
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is executed by traineesidependently from the trainer. This time duration may be very long.
Accordingly the fATime devoted by the <client
internal project execution ti me, can be | ong
with the educational level of the trainees (including the solving of educational TRIZ problems)

and above all with the repeated thorough application of the TRIZ methodology on internal
projects, i . e. with the increaee @dhet dfeomnd R
two MPVs are evaluated from low to high. Finally, of course, the appropriation of the results

is maximized because the trained people generate their own ideas.

So as to increase substantially the three first MPVs of Training, one loésh&nown training

formula proposed by the best TRIZ companies (the following has been done for General
Electric for their implementation of TRIZ [2]):

1 Includes during the training a direct application of the learnt TRIZ tools (for analysis,
solving,rank ng of i deas and conceptsé) on proj e
is helped by the trainer who turns into a facilitator. Obviously it is impossible to explore
all innovation opportunities during that short time.

1 Suggests a subsequent full applicatof the TRIZ tools on the projects that have been
only partially executed during the training.

1 Proposes a mentorship so that the trainees can ask for punctual advice or help about the
correct application of the TRIZ tools.

It is interesting to note thakis best training formula includes both project execution (by the
client) and group facilitation: it is a hybrid service.

In the long run, training allows developing internal experts which are at the level of TRIZ
consultants and which cost less.

3.2. Group failitation

Group facilitation has the main advantages of its quickness and the fact that the client really
feels as the owner of the results, because he has generated them. However in its pure shape (i.e.
the facilitator discovers the subject during facia t i on, and he doesnot
facilitation time) this type of service can be very risky for the consulting company and at the
end for the client because the quality of the developed ideas may be disappointing because the
necessary time limitatiomakes impossibleot
1 Deploy properly all the necessary TRIZ tools, especially analytical tools. Therefore the
conceptual directions cannot be fully explored and accordingly interesting innovation
opportunities may be easily missed;
1 Search thoroughly forisseminated information; also, search for information is easier
when performed by an individual rather than in group.
Thus, although it is an interesting way to tackle technical challenges and solve problems
quickly within a group, group facilitation is @t if it turns out to be a success but is rather
risky and can be damaging for the image of TRIZ if it is not the case. So as to reduce this risk,
i . e. to increase the fiquality of the devel o]
parallel, patial project execution by the TRIZ consultants. As such, it may be a more secure
way to introduce TRIZ to a company than group facilitation alone.
Otherwise a completely different model is to facilitate groups that are already literate in TRIZ,
on a specit project, or to propose them targeted mentorship. Finally this approach is more to
be considered as a complement to the former training model.
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3.3. Towards accelerated project execution

The disadvantages of project execution are numerous, but the allegednportant MPV,
the AQuality of the devel oped ideaso, can ha
Among these conditions are:

1 An efficient team of TRIZ consultants.

1 Sufficient time devoted to the project by these TRIZ consultants.

1 An efficient transfer of the necessary information from the client to the TRIZ
consultants.

The latter condition allows he TRI Z expert sextpoe[Phasthesate fAps e
challengeto tackle or the problem to solve, a very short time. Of course shis theart and

duty of the TRIZ consultants ask precise questions to the clieAtcordingly the time

devoted by the client for information gathering and different meetings and teleconferences can
usually be kept limited and under control.

Can th& BKRIIls developed by the clientdo be i
possible under this format without proper training. Without substantially increasing the
performance of this MPV, the experience of the author shows that:

1 A 2 to 4 hours itroduction to TRIZ at the beginning of a project, with highel
explanations of the project roadmap and the corresponding tools, can help the client to
begin his understanding of the TRIZ methodology. For instance TRIZ consultants may
insist on some imptant TRIZ principles, like those of psychological inertia or function
(as defined by modern TRIZ) by playing short games. Also the illustration of the
concepts of contradiction and trends of evolution on the basis of problems and solutions
from the fieldof the client can strike his mind.

91 During meetings and/or teleconferences, essentially outputs of TRIZ procedures are
presented, e.g. key problems at the end of the analytical stage, and individual ideas at
the end of the resolution stage. The TRIZ comsii# explain thoroughly how the TRIZ
tools helped them defining a sample of key problems, and some individual ideas,
respectively.

It has been experienced on the most costly executed projects, that doing so, even if the client
doesndt dev e Eskis, ipchaages thecvigidn herhad about engineering and his
field and accordingly, to his job: in short, the set of technical innovation opportunities seems
to him wider afterwards.

Can we increase the AResul t s teat?dFonuogely yes.t i on
Actually this is much easier to perform with a former client, otherwise on a longer project. But
even on short projects for first time clients, this is possible. The main idea is parallel to the
former attempt sensitizing the clieabout the TRIZ methodology: it is about implying the

client as much as possible in some project execution activities, for example as follows:

9 Cautiously refine the definition of the project with the help of the client (objectives,
scope, requirements, cans ai nt s e ) .

1 Ask about the preliminary attempts of the client to solve the problem or tackle the
challenge, and the causes for their partial success or failure.

1 Determine obvious MPVs and their relative weights directly with the client. Possibly
imply aclient multidisciplinary team (engineers from different specialties, salespeople,
mar ketersé) to investigate | ess obvious N

1 Begin performing a functional analysis of the studied engineering system, and possibly
the causandeffect chain of undesirabkdfects with the client, even if these will have
to be completed by the TRIZ consultants latespecially the causaend-effect chain
of undesirable effects which usually needs several days of work to be thoroughly done.
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1 Ask the client about the relevamof the main outputs of the innovation roadmap, e.g.
key problems, conceptual directions and individual ideas.

1 Keep the client informed about your intermediary results and ask confirmation of their
relevance.

1 Be open to suggestions, modifications andaxiformulated by the client about the key

problems and ideas, and integrate them in your further work.

Ask the client if he has other ideas to propose and integrate them in your list of ideas.

Evaluate and rank the ideas with the client, if possible. iXlesless make your own

evaluation and ranking, and corresponding final presentation and executive summary

for the top management.

The former activities take some time, but not so much finally, because it is part of organized

meetings and teleconferencss, they turn out to be worth the minor additional efforts and

time. Finally the client has participated in the process and this is a key.

= =

As aforementioned, the cost of a project executed by TRIZ consultants can be high. If the price
offered by the TRIZ cesulting is linked to an estimated number of men.days to be worked by
TRIZ consultants, and to a daily rate (this approach is not the best one for the TRIZ company,
it would be much better to make offers based on the value that the TRIZ company brings, but
this marketing and selling approach is uneasy, and this is another story), the cost is finally
approximately proportional to these men.days (some expenses usually come on the top of that).
Basically these depend on several factors concerning the project:

1 Its objective: the cost is then in relationship with the complexity and difficulty of the
project.

1 Its scope: the broader the scope, the greater the cost.
1 Its requirements and constraints may add to the difficulty and complexity of the project.

On the otheside, the greater the budget that can be allocated to the project by the client, the
bigger can be the amount of men.days. Theoretically, to some limit, this can help reaching the
best quality of devel oped i de ansstoftéhehecliend t hat
has a limited budget, so the cost of the project is under pressure, and the TRIZ company which
usually doesnét want to negotiate its daily
company faces the following physical couliciion, which- if generalized- illustrates the

universal contradiction between cost and quality:

PC: The amount of men.days must be low so that the project execution cost is low, but the
amount of men.days must be high so that the quality of develdpasd is high.

Actually the client that has integrated TRIZ faces the same contradiction, whatever the level of
expertise of its internal TRIZ experts.

As there is apparently no choice about the cost which must be low, the contradictory
requirements of thphysical contradiction PC must be satisfied (again, a thorough application
of TRIZ is not the topic here: note that separation and bypass of the contradictory requirements
are not explored). In other terms, we must solve the following problem: how to abtégh

quality of developed ideas with a low amount of men.days?

It is a good practice that the work of the TRIZ consultants is guided by an innovation roadmap
which is customized according to the different parameters of the project (objective, scope,
requirements, constraints), as soon as possible in the project timeline. The roadmap R is
constituted by several tools Ti which may be parallel or consecutive. Each tool Ti receives an
input Ei and delivers an output Oi.
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It is interesting to consider a spicinumerical function: the quality of developed ideas as
function of the (cumulated) amount of men.days (it could have been cost). Figure 1 illustrates
different situations for a given project:

1 A purely hypothetical situation for which the ideal TRIZ caltent, after some
incompressible time during which he learns about the details of the project, finds almost
instantaneously the best innovative ideas for its client, in a stroke of genius. After that
he goes on holidays. This may sound funny. Howevernfag happen in the next
decades thanks to the computing speed of a specifically trained artificial intelligence.

1 A regular project execution, for which a usual, systematic roadmap R (as defined
above) is applied by the TRIZ consultants. It is believetth®acorresponding function
evolves like an urve: after the incubation time which corresponds to the analytical
phase, comes a rapid growth which corresponds to the beginning of the resolving /
ideation phase. The function is shown smooth whereaslityré may present some
sudden, strong growth points which correspond to the discovery of the best developed
ideas. The further growth decrease corresponds to the completion and refining of the
conceptual ideas. For instance, a roadmap R of product atioov(for process
innovation, a similar roadmap can be proposed) can contain the following tools Ti:

o Analytical stage:

A MPV analysis and discovery
Benchmarking of technologies (includingtpnt analysis
Function (and cost) analysis

> > >

Trends of engineering/stems evolution
Trimming

> >

Feature transfer
Flow analysis

> >

Causeandeffect chain analysis

>

Key problems analysis

o Resolution stage:

Application of ARIZ

Application of inventive principles

Application of physical contradictions resolution tools
Application ofstandard solutions

Application of scientific effects database

LD > > >

A Functiororiented search
0 Substantiation stage:
A Secondary problem solving
A Substantiation of individual ideas
A Evaluation and ranking of individual ideas
A Synthesis of concepts
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A Evaluation andanking of concepts

1 A wished project execution, for which the maximal amount of men.days (corresponding
to a lower cost) corresponds to a high quality of developed ideas. It is represented by
another Surve with earlier growth, and possibly quicker grovifhis type of project
execution whi ch sol ves t he af oremention
execution.

The consideration of these curves, the regular roadmap R itself, and the accelerated project
execution as practised by the author allows progatia following general ideas:

1 Some tools Ti should be partially or totally eliminated or trimmed.

1 Some outputs Oi should be partially eliminated.
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Figure 1: Different types of project executions: ideal, accelerated and regular

The former proposals asemehow equivalent to the value analysis or to the Pareto analysis of
the roadmap considered as a process, i.e. theoretically the objective is to identify the tools and
outputs which bring most value to the project. This is in strong relationship witbséarch

goal of Oleg Feygenson [3]: to identify the 20% of the TRIZ tools which allow achieving 80%
of the results.

Bel ow are given sever al recommendations the
character of a project execution. These recontagons are of general nature, and are based
on the subjective and general observations that the author made during projects executed for

several French and Belgian clients (e.g. Nexans, Arc International, Dassault Aviation, LVMH,
lon Beam Applications).

Here are these recommendations:
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T Des

ign an accelerated roadmap RO which

superfluous tools totally or partially trims them. Depending on the project, its nature

and

roadmaps and moreover of accelerated roadmaps is very much an art, a soft skill which
can be developed over time. However, some general rules can be considered and in

its parameters, d i faihesl.r Fnally ther desagd afa p s

many cases it is possible to:

(0]

Postpone the MPV discovery wh can be done more quickly after the
application of several analytical tools.

Skip the patent analysis part of the benchmarking of technologies:-danel|
search of technologies which carry the same function as the initial engineering
system may be sfiient.

Skip the benchmarking of technologies itself, in the obvious case of a wished
sustainable innovation (i.e. improvement) of an engineering system. In such a
case, still radical innovation on a component is possible with other solving tools.

Skip the cost analysis part of the function analysis: in some R&D projects

precise cost information can be dif fi

from roughly guessing which components are the most costly, and the further
application of the causandeffect chain analysis and of trimming and also the
consideration of alternatives coming from the benchmarking of technologies,
which can be very helpful in such cases.

Skip the trends of engineering system evolution (TESE) which can be long and
tedious, becae the number of these trends is big. An alternative is to use
instead of TESE the analysis of the psychological inertia. Salamatov considers
that several types of psychological inertia are carried out by any engineering
system [4], i.e. by the mental imagve have from this system. He recommends

to carry out an analysis of the studied engineering system and its main
characteristics, and to challenge these characteristics by setting the most
childish question: why? Why is this characteristic so? Mustsoher are there
alternatives? These questions are equivalent to the purposeful shaking of the
image of the system. In practice the use of this tool is quicker than TESE and
brings similar results. Of course, this works for the TRIZ consultant who has
already integrated the TESE in his mind.

Skip flow analysis. This tool is usually more interesting for process analysis.

Skip trimming, except if one wants to cut costs, simplify a design, reduce the
duration of an operationé

Skip feature transfer in the cade benchmarking of technologies has not been
done.

f

Skip ARI Z: in all projects performed

Nevertheless it may be applied in very specific situations in which even the
TRIZ consultants are stuck or still dissatisfiedeafthe application of other
resolution tools.

Skip the inventive principles: this is a matter of personal preference, but it is
possible to formulate only physical contradictions instead of pairs of
engineering contradictions. Contrary to the recommeonati Altshuller that

can be found in ARIZ, where it is recommended to formulate engineering
contradictions first and find an underlying physical contradiction, the author
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believes that both formulations are | o
the Altshuller matrix but rather the principles for the resolution of physical
contradictions.

o Skip the application of standard solutions, which has turned to be unnecessary
in most of the cases, in the experience of the author.

o Skip the application of a datase of scientific effects. Here it is a matter of
opportunity that cannot be decided in advance, and that depends on the list of
key probl ems. So in the authords expel
instance it may turn very useful for the solyiaf a specific key problem for
which functionoriented search and the principles for the resolution of physical
contradictions turn out to insufficient. For instance, in the search for a new
process for a client, an interesting scientific effect hasdetéd identification
of a process which is not initially de
theoretically have been found with functiorented search, but the latter tool
may sometimes have its own limits which can then be complementeck by th
application of a database of scientific effects.

T Let the accelerated roadmap RO contain at
MPV analysis

Function analysis;

Causeandeffect chain analysis;

Key problem analysis;

O O O O O

Functionoriented search;
o Principles for the resolution of physiaantradictions.

1 Skip one or two conceptual directions. Typically 20 key problems have been
determined at the end of the analytical stage, and these key problems are grouped in 3,
4 or 5 conceptual directions. Usually solving the 20 key problems thorocahliake
a lot of time. In practice some specific conceptual directions may interest more the
client because the other ones have already been investigated by the client, or seem less
promising, or seem too complex, too ambitious, possibly out of the ettpeproject.

Let us give an example about a client which has a cleaning problem on a specific tool.
The tool must be cleaned during repeated maintenance. The automatic process which
is used has a cleaning efficiency of 80%. An additional, tedious rheleaaing work

is necessary for the remaining 20%. Over the last 3 years, the client has worked on the
identification of the zones which have been well or badly cleaned, without success. The
client asks the TRIZ consulting company to search for altemdt¥ection solutions,

which answers that such a project execution is possible, but that a better project scope
would be to find another way to automatically clean with 100% efficiency. After some
internal discussions the client agrees with this last gao which is added the search

for the causes of pollution of the tool, which remain unknown so far. During the analysis
stage, the key problems are grouped into 3 conceptual directions: improvement of the
current automatic cleaning system; alternativi®@natic cleaning systems; elimination

of the pollution. The last conceptual direction is very promising, but the solving of the
associated key problems promises to be very long, i.e. this defines a completely new
research project or TRIZ project executiamich could bring big collateral advantages

to the manufacturing process. Reasonably it is decided to give up this conceptual
direction and to concentrate on the two others.
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1 Skip some key problems of remaining conceptual directions. In the remaining
coneeptual directions, the different key problems have not the same potential to bring
interesting solutions. Whereas key problems are assumed to be inventive problems,
some of them have a greater innovative potential for the client, if solved. Therefore
sucha selection is carried out between priority key problems anepriority key
problems. It is recommended to agree with the client about it. A very general guideline
for this selection is to define as npriority key problems those which belong to a not
very promising conceptual subi r ect i on. The fAnot very pr ol
on intuitive, engineering judgment, and it means that one anticipates great difficulties
for the implementation of the ideas still to come, or a low impact on the global
performance of the concepts to be delivered. In addition, so as to monitor the solving
of key problems, the TRIZ consultants may fill in a datasheet whether the quality of
proposed ideas which solve each key problem is sufficiently high. Again, this is done
before any quantitative evaluation and ranking of ideas: it means that engineering
judgment and intuition help evaluating the ideas in advance, during the resolution stage.

1 Develop only ideas which have the biggest potential. Again, following the same
approach as above, only the ideas with the best potential are substantiated, i.e. deserve
the writing of a specific sheet containing arguments for this very idea, e.g. the existence
of a company which manufactures an equipment which fulfils the same fuasttbe
proposed idea.

1 Solve secondary problems only for some promising conceptual ideas.
Evaluate and rank carefully only the promising conceptual ideas.

91 Develop some concepts, not all the possible concepts. One brutal force approach is to
systematicallyonsider all possible combinations of ideas. This can bedonsuming
for no specific added value. Rather a sample of-aleisen combination of ideas can
be much more interesting for the client. The main point here is to show the most
interesting compl@entarities of technologies and ideas to the client. This has been
done several times by the author for his clients with the help of a table with important
functions in columns, and corresponding combinations of technologies and ideas in
different, succesge rows.

1 Let the client evaluate and rank the concepts.

Let us remark that the proposed approach of accelerated TRIZ project execution in the present
article is meant as a possible basis for further improvement by the TRIZ community. It is clear

that evey professional TRIZ consultant could share his own experience and observations in

this area. Besides, a more systematic research on this topic would be welcome. One possible
direction for improvement is to get inspiration from the agile (project) manageechniques

[5]. Doing so, for instance, the flexible and dynamic character of TRIZ project execution would

be higher than in the approach proposed: the TRIZ tools themselves would not be chosen or
skipped in advance i n a rathgrtheneit TRIZ tomlswoald ber at e d
chosen or skipped as the result of the outputs of the previously applied TRIZ tools [6].

Let us finally remark that the proposed approach can also be used for the economic benefit of
the TRIZ consultants who make offdstheir clients on the basis of the added value they
bring, rather than on the amount of men.days; besides it can help them to increase their daily
rate, if any their offers are so defined.
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Conclusion

The three main services of TRIZ consulting companesproject execution, group facilitation

and training, are analysed, their MPVs are determined, and the expected performances of their
respective MPVs are compared. Current best practices of training and group facilitation
services correspond to speciftombinations of the three services. Some ways to improve
project execution services are proposed. Maybe the most difficult problem to solve is the
contradiction between cost and quality of the developed ideas. The solving of this contradiction
under theconstraint of limited cost leads to thesaled accelerated project execution. Based

on the real practice of project executed for clients, and the general observations of the author,
several ways are proposed, which altogether help the TRIZ practittoreach a high quality

of developed ideas under cost pressure: design of an accelerated project execution roadmap for
product innovation and practical dynamic selection of the most promising conceptual
directions, key problems and ideas to be developed.
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Abstract

TRIZ istheinnovation thedessystemwhichis integrated of technology system, technology evolution,
ideal solution, physical contradictigiresources and functienThese concepts and contemtslude
abundanthoughtsof dialectical materialismit will be helpful tounderstanéind mastemRIZ theory
through sudy and analyis Marxist philosophywhich containghe materialism and dialectias TRIZ.

It will guide creative work angbractice thuspromote the progress and development of TRIZ theory
itself.

Kewords: TRIZ, dialectical materialispmatrialist dialectics, philosophy
1. Introduction

TRIZ, theory of inventive problefaolving, iscalledfisuper inventioa andfiMidas touclo by
European and Americaexperts Practice has proved that TRIZ theasysuccessful use and
solving a lot of problems itarge weltknown enterprisedt is a creative and effective tool to
solve technical problems. The essence of TRIZ isfimanual typé knowledge, buin the
deepemphilosophical leve[l]. Firstly, the philosophy and inner essenaeeanalyse in TRIZ
study. It will helpusto masterthe essence GfRIZ theory andachieve the flexible use in real
work.

2. Marxist philosophy and TRIZ

Marxist philosophynsistsontheboth materialistic and dialectiocabrld view toknow, explain
and reformeverythingincluding nature, human society and human thinkivigexism reveals
the general laws of the worldl) the world is magrial; (2) the material world is the motion,
change and developme() motion, chang and development of the material world is regular
(4) people can know thlaws and uskwsto changethe materialworld. Mr. Archie Schuler
said that our minds should reflect the complex, actived adialectical developing world
correctly TRIZ innovatian theory enrichedhe philosophical connotation gbme lawsof
dialectical materialisnsuch aghe unity of oppositesthe interchange ofjuality andquantity
andthe law of negation of negati¢a].

2.1. The basic content of Marxist philosophy
Marxist philo®phy adheres to the unity of materialism and dialectics. Dialectical materialism

suggests thatnaterial determines consciousness; consciousness has active effect on material,

material and movement are indivisible; movement is the fundamental atoflooéderial;time
and space are fundamental attrilsubé movement time, space andhovementcannot be

a7
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separated Dialectic materialismlooks at the problem byrelated, developing and
comprehensiveriew: contact means that mutuedfluencing interrelatedand interactional
relationsbetweerelementsandthings;development is théorward movementandits essence
meanghe creation of new thirsgand the perdition obld things. Modern science has proved

that everythings in extensive and universal relatidmgg with the surrounding thingda the
exchange and transmission of material, energy and informgg]omhe basic concepts of
material, energy, information, time, space, connection, development, contradiction and law
constitute the foundation of Marxighilosophy.

System theory + dialectical materialism + epistemology

L aws of technology system evolution

Technology System Contradiction Resour ces Idealization
. . ) Contradiction Resour ces
- " =
8.% Sbject-filed System anlys's analysis analysis Innovative L3
3 P—— thinking 8 <
a3 - - Physical 3g
® Stand solution Base of science Techn!cgl contradiction development 8=
theory Contradiction analyss

‘ Inventive problem solving algorithm ‘

‘ Patentsanalysis ‘

‘ Nature science ‘

Figl The ClassicalRIZ theory system

2.2. The frame o€lassicalTRIZ

Classical TRIZ is mainly composed lmyne contentsthe evolution laws of the technical
system, IFR ideal solution, inventive principle, engineering param&tesstradiction matrix,
physical contradiction&separation principle, objefield model, standard solution, ARIZ
inventive problem solving algohitn and scientific principles effect databa¥4][ as shown in
figure 1. TRIZ is a complete innovation system based on dialectics, system theory and
knowledge.

2.3. Studying TRIZ antarxist philosophy

The concept and content of TRIZ are vabstract, buthe problems irinnovation practice
arespecific Actually somepeople which are trained lapundantlassical TRIZheorem were
confused to solveractical problemsbecause they did not understand the nature of problems
well [7]. We shouldtake theabstract philosophical conceptTRIZ asa powerful weapoto
solve practicalinnovation problems Analysingthe relationship and difference between the
content conception of TRIZ and Marxist philosophy, and understartiendialectics and
materialism oMarxist philosophy in TRIZresignificant to understand and master TRIZ.

3. The dialectical and materialistic basis of TRIZ

3.1. The unity of theory and practice implemented by TRIZ

The unity of theory and prace is the most basic principté Marx doctrineTRIZ is founded
by Soviet inventor, Genrich S. Altshuller, in 19485, analysing2.5 million patentsA TRIZ
theory systenhas beerstablished, whicbontainskinds ofmethods ad algorithmfor solving
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technical problemsand realizinginnovation developmat [6]. Invention patents are the
summaries and distillations of human creative activities. TR&nes froma mountain of
invention patentss the development arstiblimationbased innovation practic€hepractices
have proved thalf RIZ theory hadeenhelped many famous enteiges with solving problems.
Many enterprises of the world's top 500 hdteir own TRIZ innovation teams. TRIBas
become an effective todb solve technical problems1]. Meanwhile TRIZ is constantly
developing and perfectingrtough the innovation practice. Tpesitivecircle of TRIZ between
building the innovation theory system by analysing patents and guiding the inngrattine
is the specific cognitive process of EpistemolagyMarxist philosophy

3.2. The objectivity ofechnical system and function

The system which is defined biig great scientisfTsien Hsueshenis an organismwith
specific uinctiors that iscomposed ointeractve and interdependent componeritee popular
book of classicallRIZ defined the technologgystemas: technology system refers to the
human design made for a certain function of a synthetic systemTR&]. is an evolving
application disciplindor studyingproject and other artificial systems [Zheresearch object
of TRIZ theory belongs to the engineering technology systhithis established for a specific
purpose System sciencdeemedhat real things exidty the way of systemthingis system,
and in the systenTRIZ theory analysethe composition and structuoé reality on problem
analysisand solves the problems biianging the composition and structure of the system.
iS objective reality in artificial systerthat the TRIZ studies angroblem solving tlough
objective technology

For the technology systemRIZ thinks that it isimportantin the function ofsystemnotin
system itself System function refers to character, ability and funciiothe connection and
interactionbetweenthe system and the external environmeadso is existingpurposeof the
system System science and TRIZ theory highlights the significance of fundRIZ theory
deemghat function is theffect oftechnology system to maintain and change the attributes of
the object, is the sownd existencevalue of the technicakystem.Function is attached to
technology system, and is not the same as technology syi&ehnology system is the carrier

of function It andreceptor must be materidBecause of dnctionasa kind of substance
"properties”, namelinherentnatureof technical systemit is objective function

3.3. The materiality of objediield model

In philosophythe materialbelongs tathe philosophical category of objective reality, is the
entity of reality, which does not rely on the human consciousness, but cafidated by
human consciousnes$ objective reality In the objecfield model, theobjectis a complex
program with arbitrary entitieshe field generated energy flow, information flof@yce flow,
interaction, reaction, etc. [4Firstly, objectfield modeladmit that the technology systam
substantiveand material,and is interactivebetween the object, rather than anything else.
Therefore, the object and field awbjective reality, and belong to the philosophy of material.
All technology syeemsarecomposed of interaiete objects The objectfield model isthatthe
functions of componenbf technology systerareanalysé, valueevaluaéed, valueoptimized

to realize the innovation.

3.4. Scienceeffect, resourcare theviewpoint of dialectical materialist

Dialectical materialisneems thathe movements of thingre regular. And the regularity is
universal, which can be understood and used bysaientific effect databases formed by
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analsing and summaring scientific and different field® knowledge in TRIZ. The
complicatedandprofoundscienceknowledgecan be easily used by science effect database.

People can make use of the natural science knowledge directly to innovation practice, and no
longer trapped in personal knowledge is limitedesolve the problenscienceeffect in TRIZ

theory becomea powerful toolsolve the invention problerny the motion law of objective
things.

TRIZ theory deemsthat resources areverythingin order to solve these probleniBhe
objective existencewhich can be developed and used by humaainly incluce material
resources, energy resources, information resources and time resources, spatial resources,
resources function, system resources, etc.TA§ matter is objective existenc&he nature,

social exisence, and all sorts of things and phenomena belong to the category of the material
and havehe material property, such as sports, time, space, law, productionpractee and

its results.The use of these resources via#t lowercost, but will bring a lot of unexpected
beneficial effectin Marxist philosophytheabstract categoriesich asnatter, motion, energy,
information, time, space, ooedion, developmentcontradiction, law, are endowed with new
contentsandpositive maning in the theory of TRIZhese willhelp us to break through inertial
thinking andobtaincreative thinkingwill become powerful weapdo solve the problem and
realize the innovation.

4. TRIZ conforming dialectical materialism

TRIZ theoryanalyss andsolvesthe problem byheconnective, developing and contradictory
views. In TRIZ concepts of technology system evolutim®galism contradiction and resource
are philosophical significanbased on the comprehensive foundation of dialectics, system
theoly, epistemologylt is similar tothe dialectical materialisfil].

4.1. Innovative solution, the unifying of the opposites

TRIZ has a clear viewwithout solving conflicts, there ino innovation. Lenin believes that
dialectics is a theory which studies the unifying of the opposites. Dialectical matesaliyn
contradictory. The law of contradiction is the essence and core of dial&t¢teedialectical
materialismdeems thatiny «isted relationships of objects in reality are both opposite and
unified.

If it can@ understandhe conce of contradiction and is not similarljunderstanding TRIZ

[7]. TRIZ subdivided contradiction into management contradiction, technology conwadicti
and physical contradiction. There are technical contradictions in the management
contradiction; technical contradiction can be transformed into physical contradistion
analysis. Therefore, it is important to solve the problems of physical contradidine
physical contradictiowill maketwo opposite requiraents of the same parameteraasfystem

or elementTherefore, physical contradiction includes at least two unities of opposites, namely
the contradictionsTheessencef physical contradictionan alsahink as other two aspects of
technology systemform contradictionthrough the system conflict/elementglaterialist
dialectics can realizenity of thecontradictionof both sidegshought by changing conditions
TRIZ theory solvaethe contradictn by invention principle.

To solve physical contradictions, we mainly Use separation principléme separation, space
separation, condition separation and system separation. Each separation principle contains
several invention principles. Under thelidance of contradiction theory, the separation
principle takes the contradiction as a unity and catches unity and harmony as the basis of
contradiction, which promotes the conversion of contradictions [12]. TRIZ solegdhifsical
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contradictionby invenion principles, implements the conversion and unification of the
opposite sides under a certain condition and finally achieves innovation.

4.2. ldealism, ideal final result, technologyolutionadmitted thehings
are cevelopment and forward movement

The dialectical materialism of Marxist philosophy points out the developments and changes
are showing obvious direction, forward and upward trend. Since 1970s, TRIZ developers has
widely used some famous laws of didleal materialism, such as tieentradicton theory, the
guantitative to qualitative changing rule, the negation of negation tlaliscuss the
technoloy system evolution [13]. Ideaim, idealfinal resultand technology evolution theory
arethecomprehensive application of above laws.

TRIZ beleves that the evolution of a system always leads to the ideal direction. The evolution
of technology system is not random, but follows the certain objective law. As the evolution of
biological systems, the evolution of technology system also theesatiral selection and
survival of the fittest. TRIZ proposdise idealsmequals that the sum of all favourable factors
by the sum of system cost and harmful factors. TRIZ holds that the opmvention is "out

of thin air", is naive. Inmodern technologythere are tens of thousands of inventioneach
systemlt is necessary and important to consider realistic problems systematigalynically

and interrelatedly. lonesystem, there are both fawable factors and harmful factors, namely
the positveness and negativenesBy continuously solving contradictions, increasing
advantageous factors and redudivagmful factors, the evolution of technical systesti be
achieved andwhich conforming tahe contradiction theory. The idealization of the Iegé
humanthought will improve the produdunction, which conformingo the quantitative to
qualitative changing rulédnd the idealization is a process of the negation of negation.

Ultimately the ideal systemvhich existsin subjective sens#goes not eist as a physical entity.
But it clearlypoints out the direction of the developmeFteevolution of technology system
admires that objects are development and forwtdrg ultimate ideal system is subjective
consciousnessThe contradiction of ideal anckality has become an important power to
promote technology progress, is also active role conscioysmeative performancendthe
main content about the relationship between physaral consciousnessn dialectical
materialism

4.3. TRIZ innovative thoughtis the application of dialectical materialism

Connective view and development view are the general view and chatagterfislialectical
materialism[2]. There are some classic TRIZ innovative thougi®svindows method,
miniatue dwarfsmethod goldfish method, ideal final result, STC, etc. The core of TRIZ
innovative thoughts is that the world is a universal connective, developing and material world.

4.3.1. 9-windows method
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Figure2 9-windows

9wi ndows met hod divides O0the worldd into nin
the ordinate axis, it sets the segments as system, sub and super system; with time as the
horizontal axis, it sets the present system, past system and future.s&stamding tothe
dialectical materialism, the ietnalandexternalfactorsarethe basisand conditionof object
changesrespectively The object analysisshould be taken fronboth internal and external
aspectsThe concepts of system elements, envireninand condition in systematic theory are
similar with Swindows method. TRIZ theory holds th#tings andtheir interiors are
interactive and interrelated in space and timewirgddow method directly showshe
relationships among present, past and fusiigations, environmental and internal factors,
which breaks the limitations afertia of thinking. And 9vindows method considers things in

a developig and interrelated view frotime and space dimensions.

4.3.2. SIMS method

Thesystenparsare representagith many active SIMS respectiveBifferent SIMS perform
different functions or different contradictiaris allows them to play a role, exemifunction

by combing these SIMSf nine screen method is standing at the macro perspective, on the
contrary, SMS requireghatthinkers think and look at things micro angle.Becausehe real
world we live is multi-level, the different conclusions are appeared from different view
ImportingactiveSIMS oneperson thinkingvill becomemany people thinkingt will be from
macroscopic thinking into micro thinking will be morecomprehensive and objectit@see

a problem, break through inertial thinking to make way for further widened.

Quality mutual change law of materialist dialectics thought not only tingber change can

cause qualitative change, the change of the structure can also cause qualitative change, the
change of the structure is a form of quantitative chalgelern system science thought the
function of the system related to the structiiRlZ theory using the method 8iMS, through

structure changes cause qualitative change to the solution of the problem, to achieve innovation
and materialist dialectics point of view is consistent.

4.3.3. STC

STC means an innovative approach respectively considénmdactors of space/size(s),
time(t) and cost(c), and of which the essence is the application of quality and quantity changes.
The law of quality and quantity chargy@escribes the basic form and type of development,
namely the quantitative charggnd qualitative change According to the most basic attributes

of time, space and cost of material obje&§C operatofinds the solutiorvia the dialectical
relationship between the quantitative chaswed qualitative changeBased on this wknow

that aslong as the change of a parameter or element in a system exceeds a certain limit, the
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quality change will be taken place, which brings the contradiction tnansfg and achieves
solution.

4.3.4. IFR

The goal of a system is relationship between regularity anddcity of system development,
showing the direction of the system development [12]. The ideal final result(IFsprpatical
restrictions asidand builds an ideal model with the ideal system, ideal process, ideal resources,
ideal method, ideahachine, etc. By the ideal model structure, problems will be analysed and
final solution will be found. According to the technology evolution theory, TRIZ sets the goal
and direction of the development technical system, which guides thinking and promotes
problem solving.

The dalectical materialisnthoughtthatthe world is changingndit look at problems from the
view of developmenBefore thinkingthe idealfinal result(IFR) put aside the reality problem

of various constraint§ he ultimate ideal maal is establishedsing theideal systemprocess,
resources, method, machimeaterial,namely the optimal ideal model to get the ultimate ideal
results as the pursuit of goalS’he system purpose is the development regularity and the
unification of theperiodic systemand performsertaintyof system development directidn

[19] TRIZ theory confirms the developing directiomnd goalsof technology systenby
technology evolutionln turn, development direction and goats usedo guide thinking

4.3.5. Goldfish method

4.3.6.

Humaninitiative is that people can consciously set the goal of activities, create thoughts in
mind, and turn them into reality existences by practical activities. The thinking process of
goldfish method is an iterative decomposition processnofual change of quality and
guantity. It separates the practical parts from the impractical solution, causing quantitative
qualitative changeuntil the problem solving. Adopting the goldfish method is helpful to
change the ideal solution into practisalution. Goldfish method makes full use of thinking
initiative to discover the cause of contradictiohménate conflict conditionsandsolve the
contradiction.

5. Marxist philosophy, the core of TRIZ

5.1. Studying TRIZ, studying Marxist philosophy

Last delineation of TRIZ is made l&enrich Altshullerin the 1980s, including contradiction
theory, inventive principles, standard solution, technical system evoluties, ARIZ,
functional analysis, tailoring, causal chain analysis, and <}.dn[TRIZ theory,the abstract
philosophy that is incomprehensiblehe philosophical concepts and ideas, specific and
practical becomes specifand practical] and also is aiseful tool tosolve the problenand
achieveinnovation.TRIZ theoretical systemnvolving lots of contents, is difficult for people

to fully understand in a short tinjg]. Through the studsand analysi®f the philosophical
theory of TRIZ, especiallyMarxist philosophy, we can better understand and grasp TRIZ
theory and apply it to guide our innovative work and practice.

5.2. Marxist philosophy guiding the development of TRIZ

In 2014, the international TRIZ Association revised the basic theory, and pouttéIZ is
still in the proess of further developmefiz]. TRIZ is summed up in the period of Soviet
Union. Considering the history and times limitation, some content is no longer suitable for the
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present requests. And it is necessary to improMs.iGenrich Altshullebelieved thatTRIZ
is not a completed theory, but a theto be improved continuousliow, the world is in the
third revolution of science anddenology TRIZ theorycannotsolve the problems current
era of information technology, biotechnology, aerospace science and techrenegyy
revolutionand must have innovation and development of TRIZ.

China’s socialist construction basedMarxist philosophy has made a great achievement in
the field of social scienc@ series of philosophical thouglstformed The rise of the system
science and complexity science is increased a lot of new important contdhargist
philosophy It promotesthe corinuous progresand development of TRIZ theoby theguide

of Marxist philosophy

5.3. China's unique advantages, TRIZ theory learning and development

China is at the key node of development from learning to innovakio&.development and
design person nds a set of efficient, scientific innovation theory to guide the daily activities.
TRIZ, the complete innovation theory systemgetsthe needs of the modernization
construction of Chinalr’heMarxism philosophyhat is a basitheoryin Chinaand makes great
achievemenin Chineseconstructionalso m&es great progresdtself. It can be a unique
ideological advantagéor studyng the theory of TRIZ.Marxist philosophy and the TRIZ
theoryareconsisent. Theycan learn from each other, prometch other, and make progress
togetherLearning TRIZ theory need to learn dddprxist philosophyPevelopment of TRIZ
theory, also need tdarxist philosophy thought as the instruction.
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DEVICES: DESCRIPTION AND TRIZ
RECOMMENDATIONS FOR DEVELOPMENT
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Abstract

Appcessorys hybrid device consisting of at least three parts: smart phone, accessory device
and special application (software component) required to perform useful function for
interaction of the first two componentThis novel type of device is evolving within the
framework of Internet of Things (IoT) trend in such categories as products for home, health
care, fitness, lifestyle and entertainment, automotive, agriculture, smart watches, retail, tags
and trackersays, jewellery, productivity tools, and many others.

The article briefly describes this novel type of hybrid device and provides selected TRIZ trends

and recommendations that can be used for the development of new appcessory products. The
study is based oresearch of products of successfulstag c ompani es and fAmos
Amost popul aro products in Technology Catego

Keywords: Hybridization, Hybrid, Appcessory Products, New Product Development

1. Introduction

The definition of the word fappcesghysicaly 0 may
objectthatcan interact with an app on your mobile phone or tgBletBut in reality the

appcessory is a very complex category of hybrid devices consistingeaisatiree parts:

a smart phone, a physical accessory device, and a special application (software component)
required to perform a useful function in the interaction of the first two components. These
devices are evolving within the framework of InternétTbings (loT) trend, and their
development is fueled by both by venture investments and crowd funding.
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Venture Investing inloT by VentureScanner
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The graph above compares total venture funding in loT to the number of companies in each category. As you
can see, User Interface and City + Infrastructure have the most funding as compared to number of companies.

Fig. 1.Venture Capital Investments and Number of the Companies emerged in 10T

According to predictions [3]he number of registered Internet of Tdgsn(loT) devices will

exceed that of mobile phones in the next two yediss trend is fueled by rapid
development of connected cars, and ironically, the connected car can be considered as one
of the biggest appcessories. Given that most physical praahedisrned into the connected
products, it is important to study trends of their evolution.

Since appcessories are hybrid products, the main question is why some appcessory products
are good while others are useless to customers. However, the ansugesitaple question

is complex. Examples of appcessory products were studied and some of them were chosen
and described below to explain seleci®lZ trends andnakerecommendations that can

be used for development thiis type of product

2. Selected Eamples and Trends

2.1.Applying Trimming Trend toward control organs

Since the appcessories are hybrid devices where one or more accessory (physical object or
product) is interacting with a mobile device (smart phone or tablet), the key to creating an
idea for successful product is distribution of User Interface betweesigahybject and
smartphone. Let us illustrate with an example of thermostat controllers from different
developers.

The Nest controller (left side of fig.2) is considered by many specialists an exemplary
device among the existing thermostat controllerqravides to the customers the very
convenient and complex interface of the physical device, that incorporate a rotating bezel,
which is used to increase and decrease temperature. For additional convenience, a round
touch screen is located in the centiethe device. Also, temperature control is provided via

the smart phone application, while additional control is available through the website.

The Tado thermostat/heating controller (right side of fig.2) has almost no control organs on
the physical devigeso users can only view the current temperature and adjust the
temperature by using arrows. As one can see, the physical device has a very limited control
interface. Most of the control is provided via the smart phone application.
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Fig. 2 Nest (left) ad Tado (right) thermostat controllers (Image source [4] and [5])

The development of control organs of the physical devices is much more expensive when
compared with the devel opment of smart phone
way to trim ghysical control is to transfer them to smart phone Ul.

Key steps of evolving of appcessories along the Trimming Trend are:

- Evolving from full extent of traditional control organs on physical object and providing
additional User Interface via smart phapplication instead

- Limiting control organs on physical object and extending control via smart phone
application

- No control organs on physical object and full control via smart phone app and web site
2.2 Applying Hybridization Trend

Many innovations in thinternet of Things (IoT) area are only adding internet connectivity

to traditional devices. It may not be enough to create a successful product that provides a
meaningful user experience and improves the lives of customers. Take the example of
connected ifjhting. Following the traditional line of thought, many inventors and
developers proposed concepts of smart light bulb that are controlled via a smart phone up.
However, this type of appcessory device has a limited market. In the case of smart lighting,
more successful innovation is achieved via hybridization. One such successful appcessory
product is the twen-one light bulb with speakers. Most probably, the hybridization
problem was how to achieve successful crossing of LED lighting with portable speake
and male screw of traditional incandescent light bulb in order to power the device. In
addition, smart bulbs can be connected into smart lighting system and wireless speakers
capable of playing music in each room with all systems controlled throughra [Enone
application.

Key steps to applying the Hybridization approach are:
- Studying supesystem and environment
- Selecting prospective candidates for hybridization

- Applying hybridization algorithms (feature transfer, cegndpaste, cut through,
multiplication, etc.) to create novel concepts of hybrid appcessory device

2.3 Controllability

Appcessory devices are based on connectivity of physical object with smart phone or tablet.
Some devices may be directly connected to the Internet. But many are netteontdue

to cost and power limitations. Currently, following types of local networking may be also
used for appcessory devices [3]:
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- Bluetooth. Classic Bluetooth requires maintaining a connection between the appcessory
and smart phone and could drain tladtéry of appcessory device. Bluetooth LE (Low
energy) is developed for devices with power constraints and transmits data at regular
intervals.

- ZigBee and ZWave. Loypowered radio networks, suitable for battpoxvered devices
and designed for use in hormetomation. These networks can be extended through the
mesh networking, extending the range of networking.

- RFID. Radio frequency identification uses electromagnetic fields to transfer identifying
data from small tags to reader. Passive RFID has randédLOm. Active RFID with
own power source has range- 100 m.

- NFC. Near field communication used for very short range (few centimetres) and that is
why it is often used for mobile payments.

Due to power limitations, many appcessory devices connect tatér@ét and thus to the
smart phone not continuously, but intermittently. This can create small delays. This means
that the appcessory devices will behave differently from the physical déisce internet
connection can sometimes be unreliable.

Returning to the example of th#hermostat controllers from different developers,
specifically for observing controllability of the appcessory device, one can see an array of
older generation devices with physical switches on the device, followed by raamick

switches on the screen of the smart phone.

capability, so after installation of the device, it asks the consumer to adjust the temperature

of the home manually, so that rtempgeratwes e r S
preferences anahdmemedi meadbyiomanual increasi
temperatur e. The following week, after this

behaviour by collecting the data, and offers the option to tufhnAru$ ®hedul e, 0 so t
I

f
Key steps of evolving of appcessories along the improvement of Controllability trend are:

the device can control the system itse

- Physical switching of device (i.e. manual contsbthe device)
- Smart phone applicatiahatmimics physical switches
- Self-controlling (selflearning) system

2.4 Import of Functions

One of the directions of evolution of the appcessory devices is importing functions
performed by other systems. Many apgsm@y devices are not only connected to the smart
phone or Internet, but also possess several sensors. This is particularly important for
importing functions usually provided by suggistems. For example, an interesennected
robotic vacuum cleaner hascamera, and it is able to move around the house. In the
framework of the smart home as a super system, it is natural for avaoaum cleaner to
import security functions, so it can provide to the owner access to the video stream of the
home environmerthrough the smart phone application. It is an especially attractive feature
when the owner is out of the home and intrusion is detected by motion sensors.

Key steps of Importing of Functions are:
- Describe the existing appcessory system or its concepésists now
- List supersystems and their functions
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- ldentify how functions of selected supgrstem can be carried out by the new
appcessory system using its sensors and othesystibms

- Describe the concept of next generation of improved appcessory product

3. Conclusion and future trends

Based on observations of various appcessory products recently introduced by companies, start
ups and crowdunding platforms, several trends importamt their evolution were described.

Since the evolution of physical products toward connected appcessory products is a common
trend, it is recommended that innovators consider TRIZ insights about trimming control organs
and taking steps along the controlld trend to greatly affects user interface. Also, applying
hybridization and import of function trends helps to increase potential consumer base and
increase the chances of product survival on the market. The recommendations that are
summarized in tabléfig. 3) can help innovators check the abowentioned trends during the
development of their own appcessory products:

Selected TRIZ Trends and Recommendations for
Development of Appcessory Products

Trimming Trend Hybridization Controllability Trend Importing of Functions
for cc.:-ntrctl orfg a"ns | ’ zlt,'l,lfilr\'flof]llllr:::t"v"tem and +  Physical switching of device +  Describe of the
eaving full extend v Ceu
o . ication i / n
traditional control organs +  Select of prospective +  Smartphone application is appeessory system
on physical object and candidates for mimicking physical concept
providing additional User hybridization switches +  Listsuper-systems and
Intelljfac? via smartphone . Apply hybridization . Self-controlling (self- their functions
application algorithms (feature . ) i i
Limited control organs on transfer, copy-and-paste, learning) system * Identify how functions of
physical object and cut through, multiplication} selected super-system
extended control via smart for creation of novel can be carried out by new
:\)‘hone am:hcatmn Z'.’)'!.ifl’.}?ﬂl'ﬁ’}?é'd apcessory system using its
. \ r \ /
o control organs of sensors and other sub-
physical object and full
control via smart phone systems
app and web site . Describe concept of next

generation of improved
appcessory product

Fig. 3 Summary of Selected TRIZ Trends and Recommendations

Follow-up study for revealing of additional stitends in development 66T and appcessory
products is required, since continuous evolving of regular products toward connected products.
Also, new sukrends are regularly appearing due to steady progress of 0T products supported
by numerous manufacturing companies.
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Abstract

This paper aims to exploit Flow Analysis as a powerful problem identification tool in electrical
power transmission & distribution (T&D) segment. Function analysis is performed on the
electrical transmission & distributi®@ystem to understand the components and their functions.
Type of flow was identified based on the level of function performance and type of performing
functions. GEN3 flow partition model and operational flow model are built to identify the type

of flow disadvantages. Based on the type of disadvantage, flow is analysed and
recommendations are given to eliminate disadvantage i.e., in the current study to reduce the
T&D losses.

Keywords: TRIZ, Flow analysis, transmission losses, corona losses.

1. Introduction

Power generated in power stations pass through large and complex networks like transformers,
overhead lines, cables and other equipment and reaches at the end users. It is fact that the unit
of electric energy generated by Power Station doésnatch with the units distributed to the
consumers. Some percentage of the units is lost in the distribution network. This difference in
the generated and distributed units is known as Transmission and Distribution loss.
Transmission & distribution lossecan be broadly classified into two categofigschnical

and nontechnical. The technical losses are due to energy dissipated in the conductors,
equipment used for transmission line, transformertgdsmission line and distribution line

and magnetidosses in transformers. Technical losses are normally 22.5% [1], and directly
depend on the network characteristics and the mode of operation.

This paper focuses on the technical factors resulting in losses in T&D. Technical losses can
further be classifié as permanent/fixed and variable. There are around a dozen fixed technical
losses contributing to overall T&D loss. Minimizing the losses arising from transmission and
distribution of power is one of the major challenges to achieve increased energneffici
sustainable living and reduction in g@mission.

This paper aims to address the technical T&D losses from a TRIZ viewpoint by employing
flow analysis to understand the bottlenecks and use flow trends to arrive at potential solutions
to minimize thdosses.
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2. Technical Background

Fixed technical losses
Fixed losses do not vary according to current. These losses take the form of heat and noise and
occur as long as a transformer is energizéetween 1/4 and 1/3 of technical losses on
distributionnetworks are fixed losses. Fixed losses on a network can be influenced in the ways
set out below
i. Corona Losses

ii. Leakage Current Losses

iii. Dielectric Losses

Iv. Opencircuit Losses

v. Losses caused by continuous load of measuring elements

vi. Losses caused by continuooad of control elements

Variable technical losses
Between 2/3 and 3/4 of technical (or physical) losses on distribution networks are variable
LossesBY increasing the cross sectional area of lines and cables for a given load, losses will
fall. This leadgo a direct trad®ff between cost of losses and cost of capital expenditure. It
has been suggested that optimal average utilization rate on a distribution network that considers
the cost of losses in its design could be as low as 30 per cent.

vii. Joule lossgin lines in each voltage level
viii. Impedance losses

ix. Losses caused by contact resistance.

3. Flow Analysis

Flow analysis is an analytical method and a tool that identifies disadvantages in flows of
energy, substances and information in an engineering sy2isi4]. Flow analysis was
employed to categorize the major technical andtechnical losses of T&nto thetwo types

of flow disadvantages operational flow disadvantage and flow partition disadvantage.
Operatiomal flow disadvantagaredisadvantages relating to the level of function performance.
They can further be classified as conductivity disadvantages and utilization disadvantages.
Flow partition disadvantageslate to the type and number of performing functions. They are
classifiedasharmful wasted inefficient usage dflows.

Table 1. Analysis of flow disadvantages for various T&D losses
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In this paper flow trend is used to come out with solutions in order to minimize Corona losses.
Electric power transmission deals in the bulk transfeeleétrical energy, from generating
stations situated many kilometers away to the main consumption centers or the cities. For this
reason the long distance transmission cables are of utmost necessity for effective power
transfer, which irevidently resultén huge losses across the system. Minimizing those has been

a major challenge for power engineers of late and to do that one should have a clear
understanding of the type and nature of losSesora effect in power systei one such loss

which has a gdominant role in reducing the efficiency dfi¥ (extra high voltage lines) [5

When an alternating current is made to flow across two conductors of the transmission line
whose spacing is large compared to their diameters, then air surrounding the asnduct
(composed of ions) is subjected toetiectric stress. At low values of supply end voltage,
nothing really occurs as the stress is too less to ionize the air outside. But when the potential
difference is made to increase beyond some threshold val®wid 30 kV known as the
critical disruptive voltage, then the field strength increases and then the air surrounding it
experiences stress high enough to be dissociated into ions making the atmosphere conducting.
This results in electric discharge arouhd conductors due to the flow of these ions, giving
rise to a faint luminescent glow, along with the hissing sound accompanied by the liberation of
ozone, which is readily identified due to its characteristic odor. This phenomenon of electrical
dischargeoccurring in transmission line for high values of voltage is known as the corona effect
in power system.

Corona loss is of importance only on high voltage lines of 345 kV and higher, because it is an
effect caused by geometric enhancement of the eldetidcat the conductor surface, and the
starting field is lower on lines of lower voltage class. Once a power line has been built, the only
way to reduce the corona loss would be to reduce the voltage. While that is generally counter
productive in terms adystem operation, there may be some situations in which a line is being
rained on, is not heavily loaded and could be operated at a slightly reduced voltage. The corona
loss changes as a power of the voltage, so for example a loss reduction of 25%aohag\eel

with a voltage reduction of perhaps 5. [The 5% reduction in operating voltage increases

the ohmic line losses by 10%. Therefore, reducing corona losses by decreasing the voltage
could be implemented during periods of low line loading, if teeefits can justify the effort

[7]. The overall impact on efficiency would be climatependent. Major sources of corona are
voltage of line, radius of conductors, irregularities on the surface of the conductor, weather
conditions, spacing between the taanductors, air pressure etc.
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4. Results & Discussion

As Corona loss was one of the major factors affecting the efficiency of transmission of power,
flow analysis was performed on it. The trend of flow enhancement [8] has 2 subtrends, each
with 2 subsubtrends:

1. Improve useful flows

a. Increase conductivity of the flow
b. Improve flow utilization

2. Reducenegative effects of harmful/incidental flows

a. Reduce the conductivity of the harmful/incidental flow
b. Reduce the impact of harmful flows

The corona losses, &s clear from the explanation in the previous section, falls under sub
subtrend 2 reduce the impact of harmful flows. The different techniques listed by GEN3
Partners Inc. as potential paths to redim=eimpact of harmful flows were studied and are
discussed below.

1. Reduce the density of the flow: Voltage reduction is one of the ways of achieving reduced
density of current flow. The disadvantage of this, though, is that this will lead to loss in the
guality of the power transmitted. Another way is totfa@ same given current flow, employ
larger diameter conductors which in turn would reduce the density of the current flow.

2. Eliminate resonance: Supply frequency in the transmission lines plays a vital role in the
corona losses. Generally, the resistandée interiors of the conducting lines are higher in
comparison to the resistance of the exterior surface of the lines. This gives rise to increased
corona losses. A change in the supply frequency to the effect that the difference in resistance
betweenhe interiors and exterior surface of the conductor decreases will reduce the corona
losses.

3. Redistribute the flow: The flow of current can be performed by Creating a voltage gradient
across the crossection of transmission line such that the inner aiseoconductor tramsits
higher voltage in comparison to the outer surface. Lower voltage along the outer axis that is
closer to the atmosphere would lead to lower corona losses.

4. Modify the flow:

a. Corona loss is known to increase with decreasing raditiseofonductor. Hence, an
increase in the radius of the conductor will result in a reduction in corona loss. But, the
secondary problem that needs to be solved here is huge increase in cost due to bigger
conductors to be deployed over a very long length.

b. Corona loss can also be decreased by increasing the distance between two conductors.
By increasing the distance, the skin effect and the interference of corona effect from the
two conductors can be reduced.

5. Modify the damaged object:

a. Anti-corona materialsan be coated on the conductor in order to reduce the effect of
corona losses. The constraint in this is that the solution is not practical for existing
transmission lines. This can be implemented for transmission lines that are newly
deployed.
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b. The condudhg wires can be dispersed with namaterials of antcorona materials.
To account for the reduction in conduction due to presence ota@mina naneo
dispersoids, radius of the conductor can be increased correspondingly.

5. Conclusions

TRIZ basedflow analysis was employed to investigate the lossefomny distancepower
transmissionFlow analysis was performed to identify the type of losses, technical loss types,
correspondingléw disadvantageand finally the dtails ofthe identifiedflow disadvantage

As a case study for flow analysis, corona loss was selected to further analysis. The subtrend
corresponding to corona loss was identified and the potential solutions provided by GEN3
Partners [8] were employed to come up with solutions t@mize corona losses in the long
distance transmission lines.
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Abstract

This paper proposes iaew application of TRIZ concepts in the teaching of effective research
communication skills. A pilot test was designed and implemented in a workshop organized by the
authors. The participants of the workshop were Japanese engineering students whngre steite

their first papers for an academic journal. In the workshop, the TRIZ concepts of technical contradiction
and function analysis were introduced as a tool
objective and the conclusionh& students could successfully use the proposed method to visualize the
contradictions and to analyse the key components that form the core of their research. The activity
helped the students clarify their core research objectives making it easier to rioatmuesearch

content and thus save time when writing.

Keywords: Research Communication Skill, TRIZ, Technical Contradiction, Function Analysis,
Academic Writing

1. Introduction

The ability to effectively c¢omnaadéamcpuirre@lsone s
or conferences is one of the most important skills for university student. Universities also value
publication of research in reputable English language academic journals for a variety of reasons
including the responsibility to share raseh benefits with society to the need to improve their
international standing.

In Japan there is little opportunity for use of English in daily communication. It is widely
recognized that English language tests such as TOEIC, TOEFL and IELTS are imfoortan
improving and measuring English language skills. Greater vocabulary and grammatical
knowledge tend to effectively increase the marks on these exams, but while it may be true that
higher marks in these exams are a good measure for English learmsreyident that many
Japanese students still need still need support for their academic writing.

Many Japanese students usually need native checking before they can publish an academic
paper. But even so, it is important for them to ensure that whatwéetyto communicate is
precisely communicated to the translator, and after translation, to check that the translation
adequately reflects their message. Therefore, one of the most important skills for Japanese
students in relation to academic writinghe &bility to check whether the essence of what they
want to communicate remains intact when translated to Erglish

Another essential skill needed even before writing is started is the ability to extract essential
information from a wide variety of soces (such as from related work). In Japan, many

67



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

engineering students usually begin to write a journal paper after multiple experimentations and
trials, reading a large number of related studies and finally getting permission from their
research supervisto proceed. At this stage, the information collected by the student through
literature reviews, discussion with colleagues and supervisors, experiments, simulations,
analysis and result data are intricately tangled up together. This is where manyssitatat

much time on writing and rewriting their papers, and when it comes to writing in English, the
situation becomes worse.

I n this paper the authordés propose and exper
techniques in supporting students in theitial stages of writing academic papers. Basic TRIZ
concepts such as solving contradictions, the 39 parameters and function analysis are used in
the initial organization and clarification of research objective from the multitude of information
obtainedd r om t he studentds research wor k.

2. Past Academic Writing Workshops

For the past 2 years, the authors have been developing a workshop program tailored for
engineering students at Nagoya University to learn important concepts for effective technical
English writing. The authors started the workshop program focusing on grammar and
vocabulary for technical writing in engineering specialized fi¢iisThese workshops were

later designed to be completed in a short time frame so as not to burden manyuafehts s

who were busy with tight deadlines for research paper writing and submission to academic
journals and had no little time to delve into deeper English language learning.

The workshops consisted of three main sessions: Learning about the typictirstof an
academic paper, Clarifying Objective and Conclusion,usity the 3C method (Correct, Clear

and Concise). The workshop was attended by more than 50 participants. Below we briefly
explain the content of each topic.

1.1. Typical structure of Amdemic Papers

In this session, the basic format of a typical academic paper was introduced. While there are
slight variations (for example, some formats combine research background and research
objective or analysis with discussion), the generally accepésgification of sections which

is: title, abstract, background, objective, methodology, results, analysis and conclusion was
used[3]. With examples similar to what is shown in Fig.1, the concept of a topic sentence and
supporting sentences that fornetharagraphs that make up a section of a journal paper was
further explained. Participants were also encouraged to organize their paper such that topic
sentences form a story and thereby making it easier for the student to write, as well as for
potential eaders to grasp the general content of an academic paper by perusing through the
topic sentences.
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Background
Objective
Methodology
Results

/ Analysis
. Conclusion

\

Sections

Abstract <

Paragraphs Topic sentence

Supporting sentences
Fig. 1. Sections and paragraphs in a journal paper

1.2. Clarification of Objectives and Conclusion

Without clear guidelines, the authdravenoticed that studenis Engineering spend more

time trying to create a simple flowing research story ftheir researcloutcomesTo address

this, this session emphasized a process of writing where the students first createsadesn r
objective and conclusion, which are the two sections that form the core of a journal paper. T
research objective relates to the social background and technical problems in previous research
works which in turn forms the Introduction section. Similarly, the conclusion has the essential
information for the sections of analysis, results and metigyolDuring the session, the
participants areasked to describe their research objective and conclusion in one or two
sentencesThe process instructs an inexperienced writesygiematially select the essential

pieces of information from the clarifiedctive andconclusionstatements and expand into

an academic paper. The topic sentences for most of paragraphs are also created through this
process (Fig.2).

| Methodology
Introduction — | Results
|| Social background / Research objectivg | Analysis
{” Technical problems in
previous works Conclusion

Fig. 2. Research objective and conclusion as core of a journal paper

During this session, the authors noticed that many participantsskemging to definethe
research objective and the conclusidable 1 lists typical research objectives and conclusions
given by the workshop participants. Here, XXX refers to some form of technology targeted in
the research. A research objective, suclitaslucidate the mechanism of XXXmay not

have been theote research objective but a partial problem found irekperimenral process

during the research. Research objectives that were not clearly designed tended to limit the
students ability to create a logical flow when attempting to write the conclusiah. An
conclusions derived from such misstated objectives temiss the point and limited the

s t u d ability td eate a logical flow when attempting to write the conclusion.
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Table 1

Typical research objectives and conclusions

Research objective Conclusion

The objective of my research is to deve| XXX was successfully developed.
XXX.

My research is aiming to elucidate t The mechanismf XXX was elucidated.
mechanism of XXX.

The goal of my research is to seek | XXX may be possible.
possibility of XXX.

This research is aiming to find effectiy Effective methodologyfor XXX was found.
methodology for XXX

1.3. The 3C method (Correct, Clear and Concise)

The 3C (Correct, Clear, Concise) is an English writing technique which stresses thamcgor

of correctness, clearness and conciseness in technical English sentences. This method is
popular among Japanese technical English translators. Japaneseefepéxcessive use of

difficult vocabulary and passive tenses in longer sentences wbidd be a result of the
English education method in Japan. Though the techniqgue may be one of the most useful in
technical writing, it has not been widely taught in schools. The authors decided to introduce
this technique as deemed it helpful for studenisg to write technical papers while armed

only with thegrammaticaknowledge taught in high school.

3. Application of TRIZ concepts in Research Communication

The author$ past workshops receivegositive feedbackrom the participating students.
Howe\er, the authors noticed that there was a neeldvelopother workshop activities that

can complement the above workshops by helping participants pinpoint and clarify their core
research objective and conclusion.

According to TRIZ, most research is basedsolving technical contradictigd]. Although

TRIZ is known as a methodology for innovation, the authors saw a potential for its use as a
support tool for clarifying the research objectives and conclusions in technical writing. The
following sectionintroducesa preliminary workshop conducted with the aim of helping
participants gain more clarity of their research topics using concepts from TRIZ.

Activity 1: Finding Contradictions

The authorslesignedhis activity with the belief that recognizingrdoadiction embedded in
research will help the participants get deeper understanding of what they want to communicate
about their research. It is composed of the following 3 stafbsthe handouts shown in Fig.

3-5.

Step 1: The first step of the activiflfig.3) asks the participants to write the purpose of the
technology being developed in their research. Usually, when participants are asked for the
research objective, the answers tend tgibelar to those shown in Table.1. Focusing on the
purpose of ta technology being developed clarifies the question.
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1. What is theourposeof the technologypeing developed iyiourresearch?
Write it with a few sentences.

Fig. 3. Writing research objective

Step 2:n the second step of this activity, the papanits are asked to select a parameter from

the 39 parameters of the TRIZ contradiction matrix (Fig.4) which they intend to improve
through their research. They are also asked to select another parameter which becomes worse
due to the improvement of the pameter they selected. This activity encourages the
participants to notice a contradiction their research is trying to overcome.

2. Select a parameter which you are trying to improve through your res:
Then, selectrotherparameter which gets worse when you improvetieve

parameter

1, Weight ofamoving object
2, Weight ofa stationary
object

3, Length ofa moving object

4, Length ofa stationary
object

5, Area ofamoving object
6, Area ofa stationary object
7, Volume of amoving dject

8, Volume ofastationary
object

9, Speed

10, Force

11, Tension/Pessure

12, Shape

13, Stability of composition

14, Strength

15, Time of actionof a
moving object

16, Time of action by a
stationary object

17, Temperatue

18, Brightness

19, Energyspentby a moving
object

20, Energyspentby a
stationary object

21,Power

22, Loss ofenergy

23, Loss ofasubstance
24, Loss ofinformation
25, Loss oftime

26, Amountof substance

27, Reliability

28, Measurement accuracy

29, Manufacturingaccuracy

30, Harmful factors acting on
an object from outside

31, Harmful factors
developed by an object

32, Manufacturability

33, Convenience of use

34, Reparability

35, Adaptability

36, Device complexity

37, Control complexity
38, Level of automation
39, Productivity

Fig. 4. Selecting from list of applicable parameters

Step 3:In the third and final step of this activity, the participants are asked to define the
contradiction by using the technical woldstheir fields based on the parameters selected in
the previous step. The participants states their contradictions by fillng the blanks in the
sentences shown in Fig.5.
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3. Fill the blanks to define the contradiction in your research with
respect to the parameters you selected in the previous activity.
(Use technical words in your fields.)

In order to improve

— > getsworse.

But

In order to improve

— getsworse.

Fig. 5. Defining contradictions

Activity 2: Defining key technical components

Simple function analysis was also introduced as a tool for defining the key technological
components in the participantsdé research. Al
in a technologicalystem[5], the authors experimented with its use as a tool for the participants

to check if any conflict exists in the way they present the key technical components in their
paper. This activity is useful for the participants to organize the key compdnethisir

research with simple combinations of subjeetb-object.

First, participants were asked to illustrate and visualize the interaction of the key components
in currently existing systems (Conventional System), as well as those included in tiomsolu
proposed in their research (New System).@#tpows a part of handout for the activity with a
simple example of Earthquake proofing system for buildings.
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List the components included in your research for both convent
system and new systemhich you are going to propose through y«

research.
Conventional system New system
Ground Ground
Building Building
Shaking Rubberbearing
Shaking

Draw a function analysis model of the conventional system of
research.

Support

T

Ground Shaking —2>¢—{Building

Generate Destroy

Draw a function analysis model of conventional systéiyour research.

Key technology of research

___________

Ground |——+{Shaking Building
Generatp i
: /Absorb :
1
Support iRubber bearing Support
\ /

Fig. 6. Defining key technical components

4. Preliminary workshop and future work

A preliminary workshop using the method introduced above was implemented with 10
participants from the school of engineering. The students were from different fields of
engineering. According to the questionnaakenafter the pilot activity,7 in 10 participants

answered they noticed new contradictions in their research through this activity. iore8dit

in 10 realized that recognition of these contradictions facilitated a new clarity that would make

it easier forthem to communicate their research findings. At the end of the activity, all of the
participants were able to define the contradictions and find the key components in their research.
This was the initial goal of atthisenenvemethadwéss hop s
successful in this regard.

In future workshops, the authors are going to develop more activities which utilize function
analysis to encourage deeper exploration of the key components in order to promote correct,
clear and concise canunication of research.
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5. Conclusion

The ability to communicate research work through effective academic watamgmportant
skill for university studentt publishwork in academigournals.In cases where students have
little opportunity toadequagly improve theifenglishwriting skills, anewstratey to support
studentétechnical writingis needed This paper demonstrat@ new application of TRIAs

a tool for supporting clear definition of tset u d reseadrod sbjective and the conclusibine
TRIZ conceps$ of solving contradiction based on tB8& parameters/ere usedin organizing
the multituce of informationa student needs to sort during theisearch activitiedzunction
analysis was also used to clarify the technical key point of particip@ssarchWhile this
new method is still in initial development stage, the autirexeived positive responses from
participants ofthe preliminary workshop. This worksposerved a strong motivation for the
students to rethink their approach of communicating their research findings.
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Abstract

This paper analyses the procegsich dfect the production efficiencyin the process ofproduction
proces$ased on a compam@pout theadvanced manufacturing systdiruses conflict theorieof TOC

and TRIZ to confirm the existing conflicts in the optimization of advanced manufacturing syskems. T
aim of this paper is isearchof ideal solutiondased orthe 40 principle®f TRIZ and then confirms
the optimization scheme of advanced manufacturing systemas to increase productivity, reduce
costs and improve the competitiveness of enterprises.

Keywords: TRIZ; Advanced manufacturing syste@CT
1. Introduction

With the development of market economy and global economic integration, entegrases
confronted with fierce competitiancreasingly. Due to the rapid developmehscience and
technol@y and increased competition in the market at home and abroad, entergyises @
attention on the management of their manufacturing process and continue to explore effective
process management to improve their competitiveness and viability. TRIZ andh&€i@s
provide a favorable solving idéa dscover and solve conflicts in the process management of

e nt e r advancedcensadufacturing system.

2. Advanced manufacturing system

Manufacturing industry is the pillar industry of the country, whil@nufacturing technology

IS necessary to support the manufacturing production, improve labor efficiency, reduce costs,
meet environmentally friendly production and guarantee qudlitg also the source energy

for the sustainable development of the nmaioeconomy. Advanced manufacturing systems
theory originated from the western developed countries which is the summary of their
manufacturing production activities and management methodolidgyhe achievements of
modern science and technologgnd ato owing to the development ofodern management
theory.

AMS (Advanced Manufacturing System) refers to a manufacturing system which can well
meet the market demands in the aspects of time, quality, cost, service and envirtiraient

get good social benefits throughsing advanced manufacturing technolpggdvanced
manufacturing mode and coordinated operdtion.
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With the development of manufacturing technologgny AMS areappearedsuch as FMS

(flexible Manufacturing Systems), CIMSComputer Integrated Manufacturing System
AM(Agile Manufacturing), LP(lean production), CE(Concurrent Engineering), IM(intelligent
manufacturing), Reengineeringnd so onAll of them havethe samecharacteristics of
flexibility, integration, intelligent andetworked Their common goals ate improve product

quality and production efficiency, shorten design and manufacturing cycle, reduce production
costs, furthest increase the resilience of the manufacturing sector towards the market and meet
customer ness.

3. TRIZand TOC
3.1TRIZ

TRIZ (a Russian acronym$ a theory which means solve the problem of invention and
innovation It is originated from the Soviet Unioand betranslated in English ake Theory

of Inventive Problem Solvingrhich abbreviatedas TIPS. Based on the world famous patent,
G.S. Altshullergetssome principls of inventions to eliminate the conflict and establishes a
knowledgebased logic method to eliminate conflicts. These metltod$ain40 inventive
principles, ARIZ (Algorithm feo Inventive Problem Solving), 76 TRIZ standdrid/entive
Solutions Substance Field analysegheeffect and so on

With the furtherresearchof TRIZ, its basic ideas and tools have been applied in the areas of
process management. Companies tend to TlREZ to analyze various problems in the
productionprocess and develop programs to improve the technical. Howlesgh a v aat 6 t

a good effecbecause there are tomany technologies improvement prograimsdentify the
priority for the enployees.

40Inventive
Principles
Similar standard \L > Similar standard
problem solution
39 Applied technical
_ _ N < knowledge
engineering g
Special problems to New problem
besolved ........................ /]\ > solving me'[hod

Brainstorming
method

Fig 3.1. General methods of TRIZgolve invention problef
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3.2TOC

TOC is a collection of management philosophy and thinking tool which is originally originated
from OPTWhich first refers to optimized production timetables and then refers to optimized
production technology. OPT was-tmunded by Dr. Goldratt andtherthree IsraelisThey
brought it to American in the latter half of 1988d therestablished Creative Output Cpany
wherethe TOChas been known by people today years lateHe first proposed the TOC in

the bookThe Goalwhich published in 1984. Wang Yurong, a TOC experhadean in-depth

and extensive research on this theory. She prdwadeslatively perfect definition foit that

TOC is a set of advanced management concepts concerning how to improve and implement
the improvemenbestl TOC alsodeveloped a logical, systematic problem solvimgthod-

TP (thinking processgswhile more gople begn to knowit. TOC tinking Process inclues

CRT (current reality tree), CRD (contradiction resolution diagram), FRT (future reality tree),
PT (prerequisite tree) and TT (transition Tree).sEi®e logical charts are established on the
basis ofsufficient logic and necessary logighich guide designers to follow a fivetes
solution of structural problemdhe fivestep solution is identify problems, establish the
solution, decide obstacles that need to be solved and implement solutigpadr will
confirm the conflicts in th&MS with CRT and CRD.

CRT, which is established omifficient logic, descritesthe reality of a given system. It reflects

the causation chain of a given system under certain circumstandesncludes the root cause

from the obviously exigig problem in the system. Current establishment of reality tree starts
from Arootso, and devel ops t o darethetundendentaind A b
i ssues. ATrunko and Abreavhesh@finahresalts. Currené r me d i
reality tree answers the first question raised by the sytaimvhatshould bechange.

Adverse outcome

Adverse outcome

A

e

B

~N Z

A\

Adverse outcome

Root causé

Adverse outcome
D

<

B

e

AN

outcomeA

Intermediate

Intermediate
outcomeB

N

Core issue

Fig 3.2. Structural draw of current reality thée

77

Root caus®




Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

CRD, al so cal l, esdstablishedeoa the Hadisoolirbaessary lagich can
display all the elements the environmentand therdetermine the conflict and find solutions
to solve problems.lt can be used toedermire the existence of a conflicidentify the main
problems leading to the conflj@nalyz reasons for problemsdetermire a win-win solution
andconfirm all settings esting between the problems and conflicts.

B D

Requiremen Pre

A . .
OBJECT Contradicton

C Do

Requiremen Pre

Fig 3.3. Conflictresolving chaff!
CRD, the ASteam Cl oudo, g e n e wlach Ingluding ane a f |

objective, two basic requirements and two preconditions, as shown in Figure 3.3. In order to
achieve the objectives At must have the basic requirements B; In order to achieve the
objectives Bjt must have the preconditions Dleanwlile, in order to achieve the objectives

A, it must have the basic requirementdrCorder to achieve the objectivesiOnust have the

specific preconditon®6 . There i s a confl i chb, bethwedin carue
the target A difficult to ehieve.Generallyspeakingthe conflict between precondition D and
D6 is the bottlenecks that restrict t he pe]

therefore it should be studied as the primary object of technical contradiction.

TOC can baisedas aprocess management methekiich on the basis of bottleneck capacity.
The method which breaks through the limitations of traditional process managemens, start
from breaking business process bottlene€kenit discoves and solesnew constraint links

to improvethe entire system continuallfOC is an extremely effectivbeorywhich has a set

of methods and practical tools for solving specific problems and technological conflicts. One
of themost important contributions is to guide company to comatnits limited resources on

the most critical areas and maximize the efficiency of entergflSdsainy companiesf the
fortune 500such as 3M, Amazon, Boeing, Delta Airline, Ford Motor Company, GE, General
Motors, Lucent Technologies and sq appliedTOC technology in their process management
and ha gotsignificant improvements.

3.3Design method for process improvement on the basis of TRIZ and TOC

Studies have shown that the CRT and CRD tools have played a prominent role in defining the
key issue anddentifying the contradiction in the process improvemBased on the study
achievements mentioned above, we build the process improvement plans acoidi(g

and TRIZ There ardive stepsas shown in Figure 3.4.
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Starting Process

Existingprocess analysis

DetermineCRT

CRD analysis determine the conflict

Whether the
contradiction is
resolved

Improved process plan

Using TRIZto solve problem

End Process

New solution to the conflict resolution

Fig 3.4. Process improvemeplans on the basis ofOC and TRIZ

Step 1: Analying current situation of existing processdsing CRT to draw the function tree
of processSetting up the function tree of current process.

Step 2: Builihg CRD of the processAnalyzing the basicequirements and preconditions of
the processDetermining contradictions.

Step 3: Sding up process improvement program to solve contradictions. As for the
contradiction concluded by the results of CRD analy@sting up the process improvement
program if it can be solved by current technological totils i t becavedittwill be
consideed byTRIZ to solve the contradiction creatively.

Step 4: Umg contradiction analysis tool and methafd'RIZ to getnew contadiction solution.
For all those unsolvable contradictions that proposed by CRD, repeating thisstegtl the
contradictions are solved.

Step 5: Evaluang contradiction solutions and chang the best process improvement.
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4. Case analyses
4.1Backgmound

The case iaboutguard decrease and weight loss progoém typeguard assemble process at
the background of S c¢ompanydusng thelpvoaesscdad ma n u f
production. The core idea of lean production is elinmgat/aste, streamling the organization
and continuous improvemenits purposeis to gettingmaximum outputwith minimum
investmenby the way oimprovingtechnological to eliminate invalid labor and wastetiogt
costs, ando on The A type guard inclu@és two parts: the left fender and the right fendsr,
shown in Figure 4.1ITheleft fenderwhich is84KG weightcomprises a welding curved plate,
decorative panels and leftiding doors The right fendewith theweight of 102KG comprises

a cabling charel, a curved welding plate, rigltiding doors, a CRT box and decorative
panels. Such a large weight brings serious difficultiessemblyworkers andalsoaffects the
efficiency of the assembly.

Left guard plate comprises a
curved plate welding, decoratiV
panels]eft-sliding doors, et. Right guard include
trucking,welding
curved plateright -
sliding door, CRT
boxes, decorative
plates and other
protective

Fig 4.1.The arrent situation of Aypeguard assembly
4.2 Conflicts Analysis of existing process improvement

Through the assembly process analysis tfp®guard,we can sethat two basic requirements
must besatisfed if we want to make fenders easy to assemble and maintained to improve
assembly efficiency: Bind C must be filledThat is to say, the fender must lightbut also
maintain a certain strength and weight in order to work properly. In order to fulfill these two
basic requirementshere aregwo preconditiongnust be satisfiedD andDa But D andD6
conditiors have a conflict abowéducing the weight of componenthich isshownin Fig4.2.

In order to figure out the nature of the conflicteWeed to describe and analyze the existing
conflict in CRD sufficiently and then agffective tools to reslve the conflictThedescrigions

of CRD areas follows:

(1) In order b achieve Acondition, Bconditionis necessaryin order toachievethe basic
requirementthatr e duci ng f e themecanditionafeDi cgrdition must be
achieved.

(2) In order b achieve Acondition C conditionis necessarylin order 6 achievethe basic
requirementC condition,the preconditionof Domust be achieved.
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(3) On the one hanitineed D condition on the other hantineed D6 . These t wo
are mutually excluse for they cannot be achieved at the same tiBoehere isa physical
conflict between them

(4) D condition harm<C condition.

(5) Décondition harms Acondition.

B D
Guardneeds Redudng the weight
to be lightened of eachcomponent

A

Easy tobe conflict
assembld

C Do
Guardshould No need tdRedue
beheavyand the weight ofeach

strongto component

Fig 42. CRD analysis of Aypeguard
4.3Using TRIZ to aalyzeandresolvethe conflict

As shown in fig 4.2there is d@echnical conflict between 8nditionandC condition andalso
a physical conflict between Bondition andDdcondition. The Gnflict Matrix of TRIZ may
solve the conflict exigtg in the process o€AD. We may use some of tHf89 engineering
parameterso describethis phenomenonTheseparametersre No.13structure stabilityand
No.l4trength Using theséwo engineering parameters in conflict matrix of TRiie can get
two recommended inventiy@rinciple 5 and principle.6As shown inTable4.1.

Table 4.1Analysisof the conflict and solving principle

The mai ns|D DQ
whi cheheenRedundgghe weie@llNo neefle deutch
byYRD component wei gkt cbinpor

No. 14 Stren
needs To r e
force and

i nternal str

St andeargd n(No. 13Structur
parameter sineeds t oasnariung
Descriptiointegrity)

l nvention |[No” Bo. 6
No:GombiningSPmi harpbbj ect
Solve profllinked tpegdtorer ptacd al | el o]
the I nvent|No6: -Mwhaecti onal ity Princi
Maiknagn obj ect or systemspe
teli minate the need for o
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4.3Using TRIZ invative principle to design improvement plan

On the premise of guarantee the strength and the original funet®uase inventive principle
5 and 6 to combine different parts and to implement integrated désighown in Figure 3.
and Table 4.2: the left fender combines the decorative pafitblshe curved plate and left
sliding doors It reducedts weightfrom 84KG to 68KG. As shown in Figureddand Table
4.3, the right fender combingkecurved platevith the CRT boxes, decative panelsand the
right-sliding doors Four partsare combined into oneThe weightchangedirom 102KG to
87KG by reducing the stiffenesndusng hollow out design. In the practical applicationsth
modified planhas a good effecon shortening the asembling perio@andquality improving.
& -
ay [ 7

N ]

\ \
The original weight is 84 kg  The nodified weight is68kg

Fig 43. Comparison of left fender before and after the improvement

Table 42 Comparison of left fender before and after the improvement
Pardef ore the i1 Pardafst er the in

curved pl at

| edlti di ng doc | edlti di ng do
decorative p

[~

N

—
|

The ori gi aakkg v Theodn fi ed8Wegi gh

Fig 44. Comparison of right fender before and afterithprovement

Table 4.3 ©@mparisorof right fender before and after the improvement
Partsbefore the improvement Partsafter the improvement
curved plate

right-sliding doors

CRT box right-sliding doors

decorative panels
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Fig 45.A typeguard afteimprovement

5. Conclusion

Innovation is one of the key factors for a company to win in competition. Both TOC and TRIZ
are theoretical methods and tools for practical problem solving, which can guide companies to
use various resources rationally and to solve the key problem inrdlsesp of process
management and improvement. It also enables company to use the shortest time and the
minimum investment for the maximum return. TOC can guide company find the bottleneck
problems and conflicts in the process of process improvement WRiilecan provide various
methods and tools to break bottleneck and to solve conflicts. Combiningvit®@TRIZ in

process management can effectively improve the process management of the enterprise, so as
to create more benefit for the enterprise.
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Abstract

It is the core question that what mbieutilized to describe and represent systems engingaaicgss.
After analyzing the advantages and disadvantages of cladsitakystemsengineeringmodel and the
evolutionof systems engineering process madedm TRIZ perspective, this pag@opossthePERA
threedimensional lean R&D systems engineering abstd model framework based on the
enhancements and extensiondHall's systemsengineeringmodel. The application of the proposed
abstract moddrameworkand its nstantiatiorare also discussed from TRIZ perspective.

Keywords: TRIZ, systems engineeripggcess model

1. Introduction

For quite some timgpeople havenade the mistake of thinkingroduct design activii#gsoccur

only in the early stages of the product tifecle, such as conceptual design and detailed design;
manufacturing activies occur oty in the midstage of the product lifecycle, i.e.
manufacturing and production phases. However, the reality is that the design and
manufacturingactivities especiallydesignactivities, can take placthroughout theentire
productlife cycle, not just astage ofit. The reason for gamisunderstandings theconfusion
between thartfacts' cradleto-grave maturity growing up process and the problem solving
thinking process oéll stakeholder®f the product lifecycle, and thesimplistic view of the
product lifecycle as onalimensional lineasequentiahctivitiesalongtime-axis.

In fact, as early as in the 1960s, along with systems engineering in the successful practice of
manymajor projects, thendustry and academi the United States summeg uhe systems
engineeringpractice andoroposed later weknown Hard System Methodologywhich has
severalimportant indicatas: Arthur D. Hall publishedhe book A Methodology for Systems
Engineering in 1962 then he proposed a thredimensionalmorphdogical mode[1] for
systems engineering 1969;finally thesystems engineering standaased on thelall Model,

MIL -STD-499A, wasreleasedn 1974

In TRIZCONZ2009 the author[2] proposed anhancement to H&l modeland introducel
DIKW (datainformationtknowledgewisdom hierarchy into the knowledgedimensionin
order toanalyzes @mputerAided Innovationprocessand identify the interactions among
R&D staff, technicalsystens, and the cognition resslof the product life cycle from the
systems engineeringperspective This paper continues toropose a new thregimensioml
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systems engineering framewdrksed orHall's model and analyzes tegolutionof systems
engineering process moddtom TRIZ perspective.

2. Traditional SystemsEngineering Process Modeby A. D. Hall

Hall's model (see Fig1l) emphasizethe neef regardingsystems engineering as a practical
programof problemsolving and separatdahe system life cycle stagesd problem solving
logical steps into two dimensionwith morphological analysjstherefore the above
misconception islarified andeliminated Theknowledge dimensioaf Hall'smodellists eight
professions following theecreasing order of the degree of formal or mathematical structure
These professionare the application areas of tio-dimensionalsystems engineering
activities matrixconsisting othelogic dimensionandthetime dimension[1]

A Knowledge - professions

problem definition
value system design
systems synthesis
systems analysis
optimization
decision making
planning for action

Logical - steps

s A

L1 1 |

& -\oQ : s ;
o) program planning or portifolio design

0(9 project planning and preliminary design
system development or implement project plan
production or construction
distribution and phase in
operation or consumption

retirement and phase out

Time - phases Source: Arthur David Hall lll

Fig. 1. Threedimensional morphological modglr systems engineerifij

The biggest advantagef Hall's model is the strictly separatetiinking about systems
engineering process withe dimension oproblem solving by individualand organizations
(i.e. the logic dimension) and tliémension ofartifact systems maturity growing up (i.e. the
time dimensio That meanghe onedimensional linear produ&®&D processs added with a
newdimensiorandbecomes two-dimensional planélhe No. 17nventive principleof TRIZ,
ChangeOverto Another Dimensionsays thatidding anew dimension measa brand new
perspectiveor totally change of viewpoint tthe problem or systeof-interesf and new
available space resources or characteristicearatgingopportunitiefor problemsolving or
systemsvalue addingThe new added dimension is not from nowhere, ngtsponse to the
progresses of s¢ech in the middle of last century thetpand human being'ability to know
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and transform nature and presents new challenges to handle the complex systems R&D and
operation.

As the evolution of a technical system, tvelation of the system of product R&D processes
and PLM processes models should be consistent withTteeds of Technical Systems
Evolutionin TRIZ. For example, When thErend of Harmonization of Rhythms applied to

the system, it means that the untemding and abstraction of product R&D and PLM processes
tend to harmonize rhythms of their compondgnts the models) and with their supersystems
(i.e. the engineering practice of product R&D and PLM, enterprise R&D system development,
and the environmet of new scitech and industry revolutionyluring evolution The
morphological analysis Hall'smodeltransforms theystems engirexing process modé&om
onedimensioml to two-dimensioml, and then tthreedimensioml. It exactly reflects the Line

of Geometric Shapes Evolution (point>Line->surface>body) under the Trend of
Harmonization of Rhythmsoordinatirg theinteractons between the subsystem of R&D staff
problem solving thinking process model and the subsystem of artifact systems maturity
evolution model, as well as between the system and the supersstennment

The biggest problenof Hall's modellies in its knowledge dimension-or example, most
Chinese interpretation of this dimensismlist of arbitrary disciplineandcompletelychangs
its original meaningtherefore thearrowsof this dimensiorlosesboth itsbusinessmeaning
and modelnherentcharacteristicssuch agbstract, seriousness and universaktythermore
the position andole of thethree dimensions of H&lmodel aredifferent, thelogic dimension
andthetime dimensionwhich form thewo-dimensional systems engineeregivities matrix
arethe foundation of Hab model, and the varioyzofession®r disciplinesin theknowledge
dimensionareonly certainapplicationarea of the matrix.

Eventhe arrow ofknowledgedimension of the original Ha&l modelis meaningfuland the
three dimensions cate detailed with more professions subdivice phases and steps
respectivelyaccording tousets own viewpoint whaever a profession in thkenowledge
dimension iswhether anapplication ofthe matrix or the collection of knowledge and
technologies supporting toomplete systems engineering pro¢espoint in Hall's model
threedimensionakpacecan only bea guide of aphaseanda stepapplied to a professioor a
certain knowledge subject areagéntbooks,whoseforms areonly paperbasedor electronic
documentsit greatly reduce instructive and practical operatiorvalue of the knowledge
dimensioncompaing to the other two dimensionk.means thaalthoughtraditional systems
engineering approach represented by 'Blatllodel was successfuh aerospace andefense
industiesin the United StatesvesterrEurope andChinain thelast centuryit has bea facng
enormous challengesncethe turn of the centurgnd nowadaysThe rapid development of
information technology has greatly increased the complexity of the various artificial systems,
revolutionized human warfare patterns and lifestyl@scumenicentric Hall's model and
traditional systems engineering approachotable tohandle thecomplexityanymore

Fadng thesechallengs (demandpull and technology pu$hasthe approachppling systems
thinking, principles and ntlkods to solve complgxoblemsandensure thabeople ddaheright
things and dacomplex things rightsystems engineering must change with the tiares
demand, abandon hHe outdatedess oftraditional methodscreae new paradigrs, and
transformHall's modelto the next levein accordance witkhe Trendsand Linesof Technical
Systems Evolutiotowards thee-coordination withthe supesystemenvironmenbf new sci
tech and industry revolutioMany advanced technologigslot projects inEU and the United
States are movinguch a coordinated effort to match projqutspose and demonstrate a new
modelbasedparadigm In the newparadigmmost errors are nipped in the bdkere isno
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rework, most of the physical testrisplaced withdigitized simulation insteadAnd its R&D
efficiencyincreaseslozensf timesmorethan traditionhsystems engineering approach.

Why does thenewmodelbasegparadigm haeso much power and potentialttansformHall's
model to next step of evolutionary transition and break the impasdecompkexity? It is
necessary toralyze not only the shortcomings dflall's model, but also the defects
documenicentricparadigm and the new featuresnabdetbased paradignand therpropose
the enhancements kall's model.

3. New 3D Framework of SystemsEngineering ProcessModel by PERA

In the 1990s the popularity dhe PCand the applicationof office software achieve the
transitionfrom paperbasedlocuments to electronamesandfacilitate document storageopy
and modifcation, but those inherent defects of thdocumentcentric paradigm, such as
semantic ambiguity, statpropery of textrepresentatiomonassociation between documents,
has nobeenchangedFor thedynamic managemenf thousands of requirements and 100,000
of the interfaces between subsystems and componedtsumenicentric paradigmis still
powerless.

IT tools,especiallyCAXx tools, greatly impro# R&D efficiencyonly for specific domainshe
interactiors between professionalomains,subsystems, the phasa® still documenicentric
and based on thi#arow-overthe-wall mode.Due tothe lack of information modeling and
cdlaboration means to support complex products and systems decompositiod
transformationfrom requirements into functignto track the changes ofequirements and
desigrs, to quanttatively represent the interfaces and design solutions involving
multidisciplinary and system elements interacs with the exponential growthradeoff and
optimization, communicabn and decisionmaking, verification and validationV&V) of
designssolutions tostakeholderequirementsthe documenicentric moderesuls in a large
amountof quality problemsandhidden trouble needinginkering and reinveirig the wheel
duringverification, integration andperation stages

At the wrn of the century, witthe emerging and application ysML, STEP, Modelica, FMI
(Functional Mockup Interfacg, etc.a series of information modelingystem modeling,
system simulation standards and MBSE, Piddls and platforms, system&ngineeringstarts

its transformation frondocumenicentric paradigm to modebased paradigm to overcome
above shortcomings becausetlod consistency, traceability, verifiability, dynamic relevance
along the entirdéife cycle of the model Thenthe fence grid resulting frontall's modeltwo-
dimensional systems engineeriactivitiesmatrix and thethrow-overthe-wall R&D modeis
expanded toa 3D collaborative space across tkatire system life cycle,all systems
engineeringechnicalprocesssand enterprise intellectual assetsolevalue chain
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A cognition
Wisdom + dimension

Knowledge +
Information +
Data +
Solution Physical
,Domain Domain
Introduction ' A

Requirement V&V Domain logic

Stage Domain dimension
Growth
Stage
Maturity
Stage
Decline
Stage
system
dimension

Fig. 2. PERAthreedimensionalean R&Dsystemsengineering abstract modfshmework

In order to cope with the transformation of systems enginedryrapplying the ChangeOver
to-AnotherDimensioninventive principleand Line of @ometricShapesEvolution, the author
makescertainmodifications, extensions and abstras to Hall's model, including changing
the name ofknowledge dimensionto cogniton dimension, time dimensioto system
dimension, introdwing DIKW hierarchy into the knowledge dimension introducing the
meaningof time intoall three dimensions, so thhearrowsof all threedimensiors have actual
business meaningnd propos¢he PERA threalimensionalean R&D systemsengineering
abstract moddramework(see Fig2), details as follows

(1) The replacement dfnowledge dimensiohy cognition dimension

This change adds nevusiness meanirgndvalueto thethird dimensiorof Hall'smodel The
DIKW cognition dimension represents the valadded ordepf the intellectual hierarchy of
individualsand organizations, reflesthe cognitive processe$subjective world transforming
the objective world, including botie generaibn, conversiontransitionand managemeiof
DIKW during artifact systems lifecycle and the applicationof existing DIKW within the
organizationto theartifact systems lifecycle which coverboththe application scenarios of
original Halls model knowledgedimension and the Chinese misinterpretationof this
dimension. Thereforghe paperanddocument basedknowledgedimensionof Hall's model
becomes planein the cogniton dimensionof the newmodel. The rew cogniton dimersion
can record the cognitive processes and resulthefsubjective world understanding and
transforming the objective world. With deepening the understanding of indivicunals
organizations to artifact  systems, the accumulated cognition flow
(data>information>knowledge>wisdam) is exactly the subject anterpriseR&D capaility
developmensystem The rew cogniton dimersionis the dimension of matteand business.
The IT platforms oPDM/PLM, knowledge management/knowledge engineering, technology
managemenbelong to thisdimension This new dimensionresponses thkatest progressf
scitech and industry revolutiorsuch as industry 4.0 andthe deep integration of
industrializationandinformationzation promotel by theChinagovernment with theupport
andpromotion of industrializatioby new IT suchasbig data, cloud computindpT etc, deal
with the increasing complexity challengedarige scale cybgohysical systemand introduce
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the R&D organization cagality developmentandits maturity growing-up process intdhe
systemof complex productsral system&&D.

When reviewing this change from othBrends of Technical Systems Evolutiparspective,

we can obtain moreuseful enlightenmentFor example, from thelrend of System
Completenesaind theTrend of Energy Conductivitpoint of view, theDIKW cognition
dimensionsupplementhe system of product R&D processes and PLM processes mutlels
theControlUnit andthe Measuremeritnit, and support the representation and implementation
of eight echnical management procesges project plannig, project assessment and control,
decision management, risk management, configuration management, information management,
measurement, and quality assurgrasel six eganizational projeeenabling processése. life
cycle model management, infrastruetuinanagement, portfolio management, human resource
management, quality management, and knowledge managenhaystens engineerinf].

The working mediaof traditional systems engineering procéssed orHall's model is the
documentwhich cannot playthe Control Function and the MeasuremenEunctionon the
systems engineering procemsd needull involvementof people Under the new paradigm
based onthe PERA threalimensionallean R&D systemsengineering abstract model
framework, model is the new worlg media with much lessvolvement of peoplegworkng

is substantially reduceaindcommunicatiorefficiencyandeffectivenesdecome much higher
and thusthe information/energy transmission lasssignificantly reducedThe system of
product R&Dprocesses and PLM processes modafgperform part of @ntrol Functionand
MeasurementFunction with its own components In order to further improve the
information/energy transfer efficiency, redube loss ocommunication of interdisciplinary
modeb, format conversion, interoperable information/energy conversibe, efforts of
utilizing one singlform of informationénergy fieldacross the entirproduct lifecycle and
systems engineering processes are emerging, such as STEP#RCards, ontology
engineering, architectueentric model managemenproduct data collaboration center and
model bus, etcThe fact of educing human involvemeandchanging the working mediaf
systems engineering procdssm documento modelalso fitsthe Line of Repladng Difficult
ControlledField with an Easily ControlledOne

(2) Renamdime dimensiorwith system dimensian

The new systendimension focusson the evolution of artifacsystens (such as technologs
and productsvhich are objectbeingundersbod andtransforned bythe subjective worldyith
maturitygrowing up.The rew systemdimersionis thedimension of objects.

(3) Abstract original seven steps ihme old logical dimensioninto four domains, i.e.
requiremenfor problem),solution verificationand validation andphysical domain

The new logicdimension descris the problemsolving thinking processf the subjective
world based on the systems engineetaahnicalprocesss. The Bw logic dimersionis the
dimensionof humanthinking. CAx applicdions and other IT tools athe extension of the
abilities ofhuman and organizational thinking and probkstving.

(4) The PERAthreedimensionalean R&D Systems Engineering abstract mdaahework
can becustomized anthstantiatechccordng tothe fractaland classifiec¢haracteristicsf the
three dimensions and theprovide humanobjectsmatters systems engineering model
framework to specific business scenarios
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Fig.3. a PERAhreedimensionalean R&Dsystemsengineering modehstance

The four abstracisystem life cycle stages the system dimension can lmeistomized and
instantiatedo differentsystem hierarchievel, such as systepf-systems, system, subsystem,
andcomponents, et@and different R&Dscenariossuch agechnoloy R&D, product R&D

or bothtechnoloy R&D and product R&D (see Fig3), and even architectural design and
intelligent city planning and design.

In the logic dimensionit is the core question that what mbdke utilized to describe and
represent systems engineeritgghnical processThe waterfall model oy Dr. Win Royce,
1969), the spiral modeby Dr. Barry Boehm, 1983), & model (late 1980s), the feedback
model (n Systems Engineering Management GuideM®Q$ 1990), the elliptical modeir(
MIL -STD- 499B, 1994)the circulation modelslfy Walter Hammond, 1999), theudl Vee
model py Kevin Forsbergand Harold Mooz, 2009[5], as well as TRIZ inventive problem
solving processes aadl problem solvinginstane models in thdogic dimension.The Vee
model hasa milestone significancdt is not justa bert waterfall model or serial development
processAccording tothe ChangeOverto-AnotherDimensioninventive principle adding a
newdimension means brand nevperspectiveo the problem or systemof-interest. The shape
of Vee providesan accurate representation of th@nking processevolution from system
decompositiortio system integratioand visualizeshe systems engineering technipebcess
which makes ieasy to manage.
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Fig.4. Architecture and entity ees intersectingn dualVeemode[5]

The evolution of systems engineering process modeltiervIL-STD-499B elliptical model
to 2D Vee model and then to 3D duaV/ee model with the consideration of concurrent
development ofsystem architecture and system elements entrtéélecs the Trend of
Transition to Supesystemof TRIZ, which makeghe systems engineering process madel
achieve quiteax highmatuity level. Besides theecusive application of the chitectureVee
and entityv eesin along differensystem leved (see Fig4), dualVeemodelcan becustomized
andinstantiatedo those systeroharacteristis, such aseliability, safety, supportability, etc.
to those R&Dscerarios such asew product design, existing product improvemeritfa
diagnosisand troubleshootingndto those software development mode, suchvadutionary
developmenandincremental development.

In the cogniton dimension, DIKW framework, methsdand tools can be applied by different
levels of the organizational structurejght technical management processexl six
organizational projeetnabling processes of systems engineeriagtioned above, and DIKW
integration, analysis, miningyvisualization scenariossuch as egineering massive data
industry big data, internet big data, product model information management and collaboration,
knowledge management, knowledge engineeifinginess intelligence and so on.

(5) The Measurement Unitsf PERAthreedimensionalean R&Dsystemsengineering model
instancesire thoseapability maturitymodels for the three dimensiol@MMI is the enterprise
process capability assessment model, in which the technploggssesan be applied to
upgradethe logic dimension capability maturigndtechnical managemeptocessesan be
used to enhance the cogarti dimension capability maturity. Peopl&MMI is the
individualdorganization capability maturigvaluaion model,whichcan be applied topgrade
human resource management capability maturity the cogniton dimension. TRL
(Technology Readiness LevelRL (Integration Readiness LevelBRL (System Readiness
Level), and MRL (ManufacturingReadiness Levelare technologyand product capability
maturty evaluation modehstances in theystemdimension

(6) Deeper applicationf the PERAthreedimensionalean R&Dsystemsengineering model
framework and instancas to analyze the interaction detaldstween eachwo dimensios,
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especiallybetweenthe cognition dimensionand the system dimensiorand between the
cognition dimension andhe logic dimension, and thysoviding inputfor specific scenarios
threedimensioml spacenodelingof businesgequirementsand business logic.

4. Conclusions

After analyzing the advantages and disadvantages of clagdalbé systemsengineering
model and thevolutionof systems engineering process medebm TRIZ perspective, this
paperproposs the PERA threedimensionallean R&D systemsengineering abstragnodel
frameworkbased on the enhancements and extensioHslts systemsengineeringmodel.
The application of the proposeabstract modeframework and its nstantiationare also
discussed from TRIZ perspective.

TRIZ and Systems Engineering share cartaiherent consistemes because the two
methodologies focus on problem solving both. They coafdagtement each otheery well.

Each methodology should earn benefits when being reviewed from the other perspective. It is
necessary to increase the commatan andshare inspiratiobetween the two communities.
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COMBINING HIDDEN CUSTOMER NEED TOOLS AND MPV
TO GENERATE PRODUCT CONCEPT
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Abstract

TRIZ is already very sophisticatedly developed in solving technical probittmagever, more and more
companies and researchers are exploring how to use TRIZ to develop product concepireTfiesve
research results in this area. This article explores the principles and practices about how to use hidden
customer need tools to identify and evaluate MPVs (Main Parameters of Value), how to generate
product concept using TRIZ tools. More spedifig, this article reveals how TRIZ tools could be
combined with Repertory Grid and ethnography to identify and evaluate potential MPVs, how we could
combine these tools to generate ideas and concepts. This initial research implies new opportunities in
discovering new product concepts, which extend the applicability of TRIZ.

Keywords: TRIZ; Hidden Customer Need; MPV; Facilitation; Concept Development.
1. Introduction

TRIZ is already very sophisticatedly developed in solving technical problEmdraditional
application field of TRIZ is technical problems, ahé tommonly used tools include problem
analysis tools, problem modeling tools and problem solving tools, resting mainly on the
concepts of ideality and contradiction [1, 2].

In recent years, TRIZ pratibners were more and more involved in developing brand new
products, which is not only about the technical problem solving, but also about the product
concept development. While product concept i
technolg vy . TRI Z experts have used the so called
new product ideas and concepts. Some of the commonly used tools include Engineering
Evolution TrendsProblem Hierarchy, Ideal Final Result, and 9/12 Windows anabtsiAll

these tools are related with the engineering system itself, but the development of product
concepts rely heavily on understanding market trends and customer needs.

Few TRIZ tools address customer needs up to Nate Parameter of ValugMPV) is one of

them. Main Parameter of Value is a description of the parameter(s) that contribute most to
Customer Value. However, there are several issues related with MPV. Firstly, there is no
consensus about how to define MPV for a certain product, andediffeeople could list
different MPVs; Secondly, how does MPV link to problem solving or product concept
development is not clear. This article suggested a thinking process and an algorithm to generate
product concept based on customer perceived valugtjdaality and MPVs.
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2. Main Function, MPV and Kano model.

Main functiondefines the main useful function of an engineering system, the main purpose
why this engineering exists, for example, the main function of a car is to move people, and the
main function of a fan is to blow air. Based on these, people easily assume pgaatheters

for main function is also the MPV. For example, parameters of a fan that are related with
effectiveness of blowing air, such as power, shape of blade, etc., should be the MPVs. However,
MPV is not the same with the parameter for the main fancBy definition, MPV is the
parameter (s) that create customer satisfaction and plays an important role in customer purchase
decision. There is an inherent issue regarding MPV. As the products are mainly in competitive
market, if the MPV is fulfilled andccepted, then the competitors will follow up, and the MPV

will be just a basic parameter. For example, Volvo launched the vision of zero accidents on
Volvo cars, which means they choose 100% safety as a MPV. If this proves to be an effective
MPV, all other automobile manufacturers will follow up, and when all competitors achieve this
target it wondét be MPV anymore.

So, thereisnoclearut criteria for determining MPV, an
changing along the time. In theClrve, MPV s a little different in different stages. As shown

in the below figure, MPV is increasing along with time in Stage | & Stage Il. However, in Stage

[l and Stage IV, the MPV increases very slowly and even decrease. This implies that MPV is

not where custonme pay a lot of intention anymore. In other words, in Stage Il and Stage IV

the current MPV is not that important anymore.

MPV

I
Stage | Stage Il Stage Il Stage IV
I

Time
Fig.1. SCurve and MPV

How should we determine the MPV? As MPV is the main parameters that determines the
values for customer, K@ model may provide some hint. Kano madedtool aboutcustomer

satisfaction developed in the 1980s by Professor Noriaki IK&inavhich classifies customer
preferences intdifferent categoriedased orhow they are perceived by customers and their

effect on customer satisfactiofihe main three types of customer preferences include Basic,
Performance and Excitement. Basittributes are the x pect ed attri butes ¢
product, and do not provide apportunity for product differentiatio®aformance attributes

are those for which more is generally better, and will improustomer satisfaction.
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Conversely, an absent or weak performance attribute redustsner satisfactiokxcitement
attributes are unspoken and unexpected by customecaiuesult in higlevels of customer
satisfaction, however their absence does not lead to dissatisf&tmiement attributes often
satisfy latent needsreal needs of which customers atgrently unaware.

Satisfaction

/

Excitement

Performance

_ Fulfillment
Basic

Fig. 2.Kano Model
Source:Noriaki Kano,1984[3]

ProfessoNoriaki suggested to focus on performance attributes and excitement attributes. For
performance attributes, we should outcompete among the market players. And we should
identify excitement attributes that others d

In general, as shown on the below figure, along with time, the excitement attributes will
gradually turn to performance attributes, and then to basic attributes [4]. Imagine if we focus
on i mproving the MPV of a pr oduatohg wahntle it 6 s
competition, the MPV changes from performance attribute to basic attribute, which means
however we improve MPV, the level of customer satisfaction will not change. For example,
right now, as voice recognition is applied in vehicle navigasigstem, the accuracy in voice
recognition is one of the MPV, but when the accuracy is more than 95%, consumers are not
that keen to the accuracy, so accuracy is no longer a MPV because it becomes a basic attribute.
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Satisfaction

/
3
\

Excitement

erformance

\ = Fulfillment
\

Time

Fig. 3.Kano Model: Changes ovéme

SourceZultner, R. E, 2006 [4]

3. Perceived ValueFunction-Parameter

By definition, MPVmeans the parameters that create value and leads to customer satisfaction.

In the field of marketing psychology, there is a term called perceived value. Penraiveds

the collection of benefits that custorftamsumengets in return fothefinancial investmenin

a consumption behaviour [SFor example, when consumers choose a car, they buy it because
they believe itds t hei thepurchasing decisioh, theyperaeive Be f «
the value. When choosing a car, some people choose gas mileage as a key parameter, some
other people choose brand as a key parameter.

In general, perceived value consists of functional value, emotional value arid/aba For
a car, the comfort of seat is a functional value for users, but the feeling of superiority when
driving a nice car is a social value [6].

Functional Value

Perceived

Emotional Value

Value

Social Value

Fig. 4. Three types of perceived value
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In that sense, if we could articulaihat is the perceived vad, then we could design the
product to achieve the values. Functionality, one of the key pillars of TRIZ philosophy, is
closely related with perceived value. As it point out, what we should focus on should be the
practical use or benefits that an engimegesystem brings to the user, instead of the engineering
system itself. By definition, functionality is the quality of being functional, i.e. achieving
customer perceived value. In TRIZ, for a certain function, we have certain tools to improve it.
For exanple, Function oriented search (FOS) provide a possibility to improve the functions [7].
So the authors suggest use a Perceived MalmetionParameter triangle to define the MPV.

Function

\

Fig. 5. Perceived ValdEunctionParameter Triangle

For examplewhen weuse washing machine, the perceived value is fresh and clean clothes,
and the function of washing machine is to clean clothes, the parameter is efficiency of cleaning.
See below table for more examples

Tablel
Example of Perceived ValtleunctionParameter
Product Perceived Value Function Parameter
Shaver CleanChin Cut hair Lengh of hair and its
variability after
shaving
Chopstick Convenienceluring Move food Effectivenesawith
dining different type of food
Bike Easy transportation Move People Speed

However, there are still 2 questions regarding MPV. Firstly, is MPV a single MPV or a group

of MPVs? As we may be already aware, for a simple product, we may make decision based on
a single parameter, but for most products, there is no single parameteould create
perceived value and satisfaction. For a ball pen, maybe we only make decisions based on the
writing performance, but for a car, few people make decisions based on only one parameter.
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Secondly, are MPVs fixed for a certain product? Or are MPVs a clusters of parameters but
different combinations really make the difference? The author suggest that due to the variability
of preferences among different people, there are no fixed MPVs. ldowes could define the

key MPVs and create a MPV pool, and we could produce different product concept based on
combinations of MPVs.

Overall, the author suggests to study the functions and parameters based on the following
process:

Function

Perceived Product

MPV pool

Value Concept

Parameter

Fig. 5. Overall thiking process of MPV based product concept development
4. Perceived value and hidden customer need tools

Perceived value is the collection of benefits that custtmmesumergets in return fothe

financial investmenin a consumption behaviaukccording toZeithaml[5], perceived value

is ficonsumer 6s overall assessment of the wuti
of what i s r eceiMaleesdaracnitdria @ohsaniers use to gustify their actions

such as purchase decisiond. [8

Consumer 6s perceived value, one of the pow
increasing importance for both academics and practitioners in the tfishtyentury[9]. A

critical review of the perceived valligerature revealed that tlencept has been scrutinised

from utilitarian perspectives includingrice or benefits/costs ratio and from broader
psychological perspectivg¢$0]

Sheth et al[6] suggest thgterceived value consisté five subdimensions: functional, social,
emotiond, epistemic and conditional valuBurther progress suggesisnditional value to be
nonapplicable aproductlevel because it only reflects temporary aitdational benefit§9].

And mainstream psychologists suggests that interest and curiositgrisaen type of emotion

[11], so we mainly refer perceived value as functional value, emotional value and social value.

Functional values defineda s ft he perceived utility acquire
functional, utilitarian or physicalpef or manceo6. Social value is de
utility acquired from an alternativeds asso
Emotional valuas definedasit he perceived utility acquired

arousd eel i ngs or affective stateso[ 6].
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Regarding perceived value, there are already tools from other disciplines that have addressed.
When we identified a certain group of target customers, there are 3 tools that the authors use
most frequently for identifyingerceived value.

Ethnography. Ethnographyis the systematic study of people and cultures. It is designed to
explore cultural phenomena where the researcher observes society from the point of view of
the subject of the studiyt2]. Ethnography hasstroots planted in the fields of anthropology

and sociology and its application in market research has been quite effe¢fid¢
Ethnographic market research comprises a range of techniopieskey characteristic of all

is the need to talk toustomersn their own environments, where they tend tani@re open

and honest in their answers, and to directly obstiiem® using products rather than relying on
explanationsof how they use produdtsd]. From ethnography we could understand the
perceived valueand also some understanding about the parameters. Ethnography could help
identify all 3 types of perceived values: functional, emotional and social values.

ZMET. The Zaltman metapheglicitation techniquéZMET) is a technique that elicits both
conscious and unconscious thoughts by exploring people's-lneral or metaphoric
expressions. It was developed by Dr. Gerald Zaltman at the Harvard Business School in the
early 1990sltc an be used to elicit comekewneaofa@c me ani
and then map those meanings as mental m¢t&]sThe term mental model is a broad term

that includeattitudes, emotions and feelings, symbols, actions, goals, pevsiduas, images,
memories of past consumption everaad sensoryexperiences, etclhe output of ZMET

include personal mental map and group consensus map, etc. ZMET could be used to find out
the perceived values. ZMET is normally used for identifying emotional and social values.

Repertory Grid Technique. Repertory GridTechniqueis esgntially a method of eliciting
constructs andnalysing relationships between theBements (alternative events, states, or
entities) and constructs (dimensions of similarity and differeeteeen elements) are central
to knowledge representation in rejmey grids. The most basic form oépertory grid is a
rectangular matrix with elements as columns and constructs as Ea®k. rowcolumn
intersect in the grid contains a rating showing how a person applied acgmstiuct to a
particular elemenftl6,17]. With a Repertory Grid study, we understand the major criteria of
consumer s 6 d Keperwry Gridlechm@dkdismgre suitable for functional and
emotional values.

Using the tools, we could have a pretty clear picture about the perceivesl Vidaa we could

start to think about the key functions and main parameters. For a typical consumer product
development project, the author suggests to de€@®Gepertory grid interviews, 120
ethnography contextual interviews and2@WZMET interviews.
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Repertory Grid
interviews (20-30
interviews) Functional
Values

Emotional
Values

Social Values

g
N
/S

Fig. 6. Different tools with different results

For example, in a research study ab@duum cleanewe used all the 3 research tools. In the
Repertory Grid Analysis, we tried to analyse the criteria consumers use to differentiate different
product inclae convenience of use, ability to clean in multiple situation, and noise. And in
ethnography research, we found that consumers use specific measures to determine whether
the house is clean or not. For example, if the floor is shining, if there is noheéusidden

corner, then it is clean. Also, they get frustrated because after using the vacuum cleaner, they
still have to use mop or rag to clean the stains on the floZMET, we found that using

vacuum cleaner to clean house mainly help to enhance¢the s e of HAhomed, whe
enjoy safe and eagyoing time, and pleasant relationship with family members. Also,
housewives see themselves as the manager of family health and hygiene. They feel proud if the

family is healthy and hygienic. Finally, tiee el i ng of fAunder control ¢
housewi ves, if there is something they Amust
example, if there are a lot of dust and hair in the corner of bedroom, but they could not clean it
as i ta6csssibepthey feel anxious. Combining these tools, we have a much deeper

understanding about the perceived values of the consumers.

5. Parameter of Perceived ValueRPV)

When we have a profound understanding about customer perceived value, we havedery go
basis for future product developmeRarameter of Perceived Val(@@PV)is the parameter

that defines the level gferceived value. When we understand the customer perceived value
well, then we could study the parameters that determines the perceived As there are
functional value, emotional value and social value, PPV is actually a group of parameters. We
could build up a PPV pool according to the customer research. For example, in the vacuum
cleaner project, if one of the perceived value fromsconers is the ability to clean in multiple
situation, then one of the PPVs should be effectiveness of cleaning different kinds of corners.

For every single perceived value, there is at least 1 PPV, and because PPV is the deterministic
parameter, it is ndhe design specifications. When we have a complete list of major customer
perceived value, then we have a complete list of PPVs, i.e. a PPV pool.
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6. Key functions, criteria and parameters.

When we have a PPV pool, then the next question is how should we pick the key values and
key parameters to focus on? By definition, MPV is the main parameter of value and should be
the most important parameter.

When we combine -€urve and Kano model, wegld have a new perspective of MPAS

shown in below figure, we could divide theCsirve into 3 different phases: excitement phase,
performance phase, and basic phase. In stage I, MPV is still an excitement attribute, as it is not
widespread yet; in stagé MPV is a performance attribute, and in stage Il & IV, MPV
becomes a basic attribute. In that sense, the author suggests that we should see MPV as a
dynamic concept instead of static concept. In some stage, it is a MPV, and sometime later, it
may notbe MPV anymore.

So in different stage, a parameter may or may not be a MPV. In excitement stage, as the
parameter is not still the mainstream yet, s
MPV as itds the most | eanpeceiviedavalte. Iitlmsictstagebtust or
not MPV anymore, as customer satisfaction level does not increase along with the parameter.

MPV Excitement Performance Basic

Stage Stage Stage

Time
Fig. 7. Kano version Surve

Also, when we take different parameters into account, we could map them oiCthreeS

Along with time, the parameters move towards the right direction. In this model, MPV is
defined as the PPVs in the performance stage. So instead of defining the only MPV, the author
suggests to define a PPV pool, in the PPV pool, every parameter couMm®é, @epending

on whether 1tds in the performance phase. Se
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Value Excitement |F'erformance Basic

Stage

Stage Stage

Time

Fig. 8. PPV pool mapped on-Gurve

For example, currently, for electrical car, there are several PPVs, such as recharge mileage, charging
speed, cost per mil€-100km/h accdration time, autarive safety, remote control accuracy, audio
recognition accuracy, etSee below illustration.

MPV Excitement Performance, Basic
Stage Stage Stage

1
1
1
: 0-100km/h acceleration
1

cost per mile

racharge mileage

ch

1
I
1
1
1
1
I
]
1
1
1
I
]
1
1
1
| rging speed
]

1

1

1

1

U Y R - L

auto-drive T'afety

atldio recognit{on accuracy
remote control accyracy
1 1

Time

Fig. 9. PPV pool mapped on-Gurve: an example of electrical car
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7. ldeation and product conceptdevelopment

After mapping the PPVs, then we could combine different PPVs and come up with different
product concepts. Normally, we should define a MPV (in performance stage), and then we
could combine with other PPVs.

8. Algorithm for MPV -based product concept development
Forbetter application, the audr developed an algorithm to articulate the process.

Step 1 Customer profile. Choose a specific target customer group and describe them.
For example, Pink Collar workers, female-£% years old, fashionable and healthy
lifestyle.

Step 2 Application scenario and perceived value. Study the target customer and identify
perceived values using hidden customer need research tools, such as ethnography,
repertory grid techniques and ZMET.

Step 3 Define key functions and PPV pool. Bhea perceived values, define the key
functions and MPVs.

Step 4 Map PPVs on the Kano version eé€&ve.

Step 5 Concept Development

9. Case Study.

Background: A team of product developers are developing a new shower and they are searching
for new productoncept. The product itself is already quite mature, and the company need a
differentiated product to increase market share and profit margin.

Step 1 Customer profile. They choose the female white collar workers as their target customer.
Their age rangesi2545, married with a kid, fashionable and healthy lifestyle.

Step 2 Perceived value. After studying Study the target customer and identify perceived values
using hidden customer need research tools.

Table2

The Shower Case Study: Consumer Perceivedégal

Functional Valug 1. Clean body

2. Sense of immersion

3. Convenience of usage

4. Clean for special purpose
5. Listen to music

6. Keep skin healthy and beautif
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Emotional Value| 1. Reduce Stress

2. Feel young and energetic

Social Value 1. Connection with lover

Step 3 Define key functions and PPV pool. Based on perceived values, define the key functions
and PPVs.

Table3
The Shower Case Study: Perceived ValbesctionParameter
Perceivedvalue | Key Function PPVs
Functional Value 1. Clean body 1. Spray water 1. Sprayvolume per

2. Sense of 2. Immerse body second

immersion 3. Clean private par 2. Water shape and
3. Clean for special or clean for kids angle

purpose 4. Play music 3. Constant
4. Listen to music temperature

5. Maintain skin
5. Keep skin healthy health

and beautiful 5. Water
purification

4. Easy Control

6. Audioquality

7. Skin care
effectiveness
Emotional Value 1. Reduce Stress | 1. Relax skin 1. Water massage
2. Feelyoung and | 2. Refresh body effectiveness
energetic 2. Refreshing
effectiveness
Social Value 1. Connection with | 1. Improve sense of| 1. Quality of
lover intimacy after interaction during
shower and after shower

Step 4 Map PPVs on the Kano version éE@ve.
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Value Excitement Performance, Basic
Stage I Stage | Stage

1 1
1 1
: : Easy Control
1 1
1
1 1
1 \Constant
1 Itemperature
1 1
1 1
1 Water shape and angle
1 1
1 1
1 I
| Spriay volume per second
1 1
1 1
1 1
1 1

Audio quality ' * Water nlﬂassage effectiveness

Water pdrification Réfreshing effectiveness
Quality of interactian during and after shower

Skin care effectiveness |
1 1
1 1
1 [

Time

Fig. 10. The Shower Case StudyPV pool mapped on-Surve

Step 5 Concept

Development

Combining the PPVs together, the team developed several pootheetpt. See below a partial

list.

Table4

The Shower Case Study: Product Concept Development

Key Function

Combination of PPVs

Product Concept

Spraywater

Spray volume per second; audio quality

Music fountain shower

Spraywater

Water shape and anglefreshing
effectiveness

Multiple refreshing
spray patters

Massage body

Watermassage effectiveness; quality of
interaction during and after shower

Couple water massage
shower

Clean and
recover skin

Water purification; skin care effectiveness

Waterbankskin
refreshment shower

10. Conclusion & Further issues.

In conclusion, this articleexplores the principles and practices about how to use hidden
customer need tools to identify and evaluate MPVs (Main Parameters of Value), how to
generate product concepsing MPVs When using TRIZ in concept development, the PPV
pool would be essential. The author suggests that MPV is dynamic and changing, thus we
should manage the PPV pool and track the dynamics of MPVs. The author also proposed a
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Perceived Valud-unctimm-Parameter logic to identify the key MPVs. We need to use market
research tools to identify perceived values, including functional, emotional and social values,
then we could analyze and define the key functions and parameters based on perceived values.
This initial research implies new opportunities in discovering new product concepts, which
extend the applicability of TRIZThe future research should explore a more detailed version

of MPV algorithm, and how does MPV link to other TRIZ tools is alsold G&interest.
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Abstract

Trend hcreamg idealty of system na only meansto increase the idef) of manmadesystems
(MMS), but alsomeango increase thaleaity of the human systeiidS). Therefore, it is neessay to
makeunified thinking that we added the H8to MMS. MMS andHS are forminga evolutiontrend--
conjugate evolution.

Two new evolutionargubtrendshave been identified by tteithor one is therend of increasing the
biological characteristics dIMS; another is thérendof syncretism oMMS and HS both belong to
the Trendmcreamgideaity of system.These twasubtrendshavedifferent starting poirst first oneis
to makethe MMS to learn frombiological systemsincluding learn from HS.e., peoplenae better
and betteMM S, second onés to makeéhe MMSto strengtheidS,i.e., MM S servepeople better and
better Finally, two newtrends converge in human bodieshe most adanced creaturas nature.

Keywords: technology systerfisS) manrmade system (MMS), human system (E&)lution,trends,
biological properties, syncretisrmonjugate evolution

1. TS, MMS and HS

Thesystensin substancevorld are divided into natural systelMS and composite systems.

In most caseghetechnicalsystens (TS)arecompositesystens composed by the mamade
system(MMS) and natural systems (humans, plants, air,.etteye MMS has the similar
meaningwith Artificial or Synthetic systemg¢Fig 1).

When previously talked abouttendof increasing ideality of systemive tend to think about
that talkingTS refers only toMMS, which is actuallyoneof the inertia thinking. The author
believe that th&Trendof increasing ideality of system", not ortty be usedor MMS, but also
for the HS, i.e. to increase the ideality ¢iS. Therefore, it is neessay to makeunified
thinkingthat MMS and HS
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Technical
System

Man-made
System
(MMS)

Fig 1. The scope of Technical System

All MMS aremadet 0 me e tsnepdsangithe deSign purposeto buildthe MMS (such
asdentures, hearing aids, clothing, transportation,,etefo compensate human capacities
and to expand humafunctions (such as space telescopes, mass memory, the Internet, the
human brain chips, et¢c.hereforeincreae the idealty of TS, finally increase the ideaity of

HS. MMS andHS areconjugate evolution, promote each other, it is a clear trend.

Increagng the ideaity of HS, requie us todo the R&Daroundpeople. Inorder to meet the
peopleoriented socialrequirement the times iscalling for the new evolutionary trersl
Authors propose two new evolutionaybtrendsas bellow.

2. Sub-trend of increasingthe biological characteristics ofMMS

In thedevelopment prazssof a TS increasing certain biological characteristics is a clear trend
from theoutsideto the irside of the structurefrom elements to subsystems, from execution
systems to the control systems, from el@uchanical bodies wrganismsetc Evoluionary
path is:

Appearancevith biological characteristids Partial structures with biological characteristics
f Overall structure with biological propertiés Man-made nornbiological body + Partial
biological bodyf Man-made norbiological body + comg@lte biological body.

(1) Examplesof appearancwith thebiological characteriste

such as toysvith various animals shape, astadiam t h a birdés nest appe
and highspeed rail appearantike adolphin,aerofoil likea bird wing setton, marmade turf
etc

Germany's Universum Sci ence wiaemndagiantBusseime n 0 s
(Fig 2).

Fig 2. Universum Science Center Bremen

The Seed Cathedrain Shanghai looks like dedgehog It is formed by 60,000 slender
transparent fiber optic rods. Each fiber optic rod is 7.5 meters long and encloses one or more
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seeds at its tipAll the rods passhrough the wall or the domeight can transmitlong with
the optic fiberod from different direction(Fig 3).

Fig 3. Seed cathedrat Shanghai

(2) Examplesof partial structuresvith thebiological characteristg

Hankook and Pforzheim University in Germany jointly designed three cool future racing tires,
wherein

Boostrac desert typéesign, its uniqgue honeycomb structure can spread out into a large gear
tire, greatly enhance the grgapability, Alpike snowtype canlaterallytransformto increase
ground aredike abear's pawit is suitablefor the paved roadith thicker snowHyBladerain

type has fitype blades and drainage channils suitablefor fastandstabilizeddriving on

the road withwater(Fig 3).

Fig 4. Boostrac desert typélpike snowtype,HyBladerain type

(3) Examplesof overall structurawvith biological properties
Examples

Robots withvisual, auditory, tactile and tatlg capacitiesmanmade insed; swimwear
imitated shark skin structure.

Obsewring ashark skinwith electron microscopet is composedy thenumerous Cortical
ScalesPra r udi ng" . T h e s dhavesgmaveéserstlide lopgitudinat direclion, go
water flow on its surfaceanbe adjused,and can prevent from forming whirlpools or vortex
turbulences. This special skin structure, will not only prevent parasitic algleii body, but
also significantly reduce water friction. Swimmers wealiinig swimsuit, havebrokenthe
world record many timesKig 5).
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Fig 5. "Cortical ScalesProtruding"andswimsuitwith this structure

(4) Examples oMan-made norbiologicalbody + Partial biological body

Examples:absorbable suture catgat biochip containing human gendsological machines

(Fig 5.

Fig 6. A biochip containing human genasd thebiological machines
(5) Examples of Maimade norbiological body +complete biological body

Examples:blinking keyboardused byHawking detector dogs wearing test equipment
spacecraft with animal experimengtc (Fig 7).

Fig 7. Blink keyboardthat is being used byawking

August2015, several Germany insect expetiggestd to train bees as a nedetecttool of
narcoticsFirst, trainer placed bees into odor to be identified, put syrup in front of them, let the
bees to build up the link "smell" and “food", later, if encounter the same odor they would stick
out ther tongues.

After the training, the bees will be put into a special suit¢ast@é a group of 6 bees)there
are somenfrared inductos inside Once3 inductos detectecbeedtongue it will alarm. (Fig
8).
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A group of 6 bees

Fig 8. Infrared inductodetected bedgsngue to alarm thenarcotics

Although this sulirend looks very like the bionics, but the exampleg$4)are not belong to
bionics It is not the MMS learn some features from creature, but directly added the creature
(HS or animal) into MMS, creatutgecome a subystem.

3. Sub-trend of syncretism ofMM S andHS

MMS are all built to meet the needs of people, and therefore a clealgreiMiS gradually
entering intoHS: body surface attachments, mutually embedded with human bodies, or
implanted intohuman bodies so that it becosrart of HS, thereby significantly increasing
humancapabilities

This trend has two intertwined evolutionary paths:

MMS substitute human element (vitro body surfacé cross embedded vivo) f MMS
substitute human functiofvitro f body surfacef cross embedded vivo) f MMS
substitute human organ (vitfo body surfacé cross embedded vivo)

(1) MMS substitute human element (vitro body surfacd cross embedded vivo) ----
dentures perhaps were the first nmaade eleménpartially embedded in the human body.
Artificial bone, synthetic skinsetc., also belong to such products.

Earlier2016 scientists at Stanford and UC Berkeley both developed entirely synthetic skins
that are sensitive enough to detect the touch ofteerfly. Both rely on a combination of
flexible rubber with either nanowires or electrodes. And synthetic "skin" would do cyborg
doubleduty: ultrasensitive human prosthetics or robot linibgy 9).

Fig 9. Synthetic skins are sensitive enoughdy surface)

Percutaneous pedicle screw spinal surgery is a minimally invasive sufterysteel ails
replacel the defective parmf lumbarto support and positiothe lumbar(Fig 10).
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Fig 10. Steel milsto support and positiothe lumbar(vivo)

(2) MMS substitute human function (vitfto body surfacég cross embedded vivo) ----
Wearable device aredeveloped rapidly in recent years, from rings, watches, bracelets, arm
bands, to intelligent glasses, intelligent helmets, smart underwear, pove&ekston These
devicescanexchange data, perceive information self-organizednetworks etc., mainly to
substitute, strengthen and extend the functions of HS.

Samsung Innovation Lab has developed a prototypensorto detectwhether the wearer
stroke(judgment function)lts appearance is similar adeadset, andonnecedwith amobile
phoneto monitor brain waves of the wearamdmatch withthe particular software algorithms,
itcand et er mi n e sriskhoéstrokes el wigethér he wilheedany medical treatment
(Fig 11).

Fig 11. Wearable devicenonitoring whether the wearer strof@ody surface)

Powered exoskeleton is an intelligent bionic wearable dewiegterd the humarmmovement
functions Exoskeleton worn on the human boggrceivehumanmoveabldantention to drive
servo mechanisnm theexoskeletorto produces the correspondiagtion(Fig 12).

Fig 12. Powered exoskeletqiCrossEmbeadded)
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Deeply embedded human eye cammaaimitate human visual function. kkonsists of three
parts: a tiny camerauigeexisting colonoscopy camera), a batteagd a wireless transmitter
thatcan capturpictures and then sending thertoiacomputer. The wearer cagean external
radio controldevicesto controlshooting(Fig 13).

Fig 13. Cameraembeddedeye orbit(Embelded)

(3) MMS substitute human organs (vifro body surfacé cross embedded vivo) ---- Man
madesystementeringhuman body, is an important trend in medical technology development.

Many parts of HS, like skin, eye, blood vessel, brain, stomach, etc., lmarthesites of
implantation. here are someinporary implant deviegsuch as imaging capsuéan perform

inspection tasksn h u ma n 6 s asdintestirees. Mhere are alsomepermanent implant
devicessuchas a mammadevein. According to the US® report, pofessor Theodore Berger

has develpedt he wor |l dés first brain prismaplkepi s, a
patients regain the ability to store new memor@spyand substitutéhe human memory will

be realized in the near future.

A boneanchored hearing aid (BAHA) is a type of hearing aid based on bone conduction. It is
primarily suited for peog who have conductive hearing losses, unilateral hearing loss;single
sided deafness and people with mixed hearing
or Abehind théig&dar o hearing aids

Fig 14. Boneanchored hearing aid (BAHAbody surface)

Implaningadipintohumanés br ai n hasThanewspaperedisngiond pr ec
"Wen Wei Po" has reported thétarbison aBritish color blindness artistvas giverasurgery

to implanta specialchip intohis brain,then hecan "listen”the unique vibration frequerydo
distinguisheachcolor, so thahis monochrome worldhas beemrantedfull colors (Fig 15).
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Fig 15. Implaning a dip into human brairto Alisten colob (Vivo)

Today,al TS are gradually turningmart evenntelligent, we have to seriously think about the
relationship betweeRS and MMS According to this sultrend, at ltimate intelligent stage,

a large number of micrmtelligentMMS could bemplanted into certaiflSto substitutesome

of their subsysten{tissue or organ, even some nerve dockitmsignificantly enhance the
abilitiesof people, reduce or eliminate the risk of disease.

4. Conclusion

Often, TS are compositesystemsthat contains bothMMS and HS, or evenother natural
systems. Increasing the degredd#ality of TS,will not only increasdhe Ideality ofMMS,
but alsoultimately ncreasehe Ideality ofHS.

Two new evolutionarysubtrendshave been identified by thauthor one is thetrend of
increasinghe biological characteristics MMS; another is thérendof syncretism oMMS
and HS both belong to the Trenahéreasg idealty of system.These twaosubtrendshave
different starting poirgt first oneis to makethe MMS to learn frombiological sysems
including to learn from HS.e., peoplenake betterand betteMM S; second onés to make
the MMSto strengtherHS i.e., MM S servepeople better and bettdfinally, two new sub
trends converge in human bodiesthe most advanced creaturigs nature to form the
Conjugate Evolution.

The updatedrchitecture of T&volutionarytrends(Fig 16).

Trend of S-curve Trend of syncretism
evolution of human system
t & man-made system

Trend of increasing |
‘ ' ideality of system | ‘ ‘ |

Trend of Trend of Trend of | trend of increasing
o Trend of system ] . .
Transitionto the Increasing degree flow biological
completeness . . i o
super-system of trimming evolution characteristics
Trend of decreasing| Trend of increasing | |Trend of transition to the
human harmonization micro-level &increasing
involvement f Su-Field interactions
Trend of increasing
Trend of non-uniform controllability
evolution of
sub-systems [Trend of increasing
dynamization

Fig 16. The update@rchitecture of T®volutionarytrends
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Abstract

Being a component of function analysis, rules for function formulation are well formalized and usually
dondot c au feresgarcleefs.| Aefunestion is defined as an action of one system component
(function carrie) upon another one (function object) that leads to variation of function object
parameters. As a rule, the primary focus in the course of analysis is placednge cfiastate
(parameters) of function object. Function performance in actual systems is always accompanied by
change of functiortarrier state. For example, if functiorarrier heats function object, this function
object cools the functioparrierat the ame time. Actually, we deal with a pair of oppositely directed
functions. However, distinct recommendations regarding formulation of such pair functions are
missing.

The article is based on practical experience of the authors. It deals with formulaganhopair
functions and contains recommendations on:

9 Classification of coupled functions
9 Formulation of coupled functions
1 Proper choosing between model with one function and model with coupled functions.

Keywords: TRIZ, Function analysis.

1. Introduction

According to the definition, a function is an action of one object (engineering system
component) upon another one [1, 2]. However, one of the fundamental principles of natural
science lies in the fact that action is always an interaction.

This princige in classical mechanics was formulated as early as in XVIII century in the form

of3Newt onés | aw and | ater it was accepted as

Heisenberg uncertainty principle. In thermodynamics this principle is manifastezglsecond

law of thermodynamics, In electrodynamice n t he f orm of Maxwel | 6s ¢
engineeringi i n the form of L e n zidGirs thegiarm of te Ghétedier i n ¢

principle, and so forth.

Though in natural science thigciple was not generalized, such generalization took place in
philosophy in the form of law of unity and struggle of opposites. So when university students

|l isten to their phil osophy | ecturers, t hey
fundamental principles of their future profession (whatever field of engineering it would belong

to).
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2. Coupled functions in engineering systems

Accordingly, in engineering this principle is manifested actually everywhere. Brake shoes
decelerate V@cle wheel, and at the same time the wheel abrades brake shoes in the course of
braking process. At all steps of mechanical processing, the process of cutting by a tool is
accompanied by a process of tool destruction (blunting). Electrical currentufitentcof
charged particles) heats a conductor, and at the same time this current is dissipated (slowed
down) by the conductor. Moreover, dissipation of charge carriers in the last example represents
a direct cause of heat release.

In the generatase, performance of any function is accompanied by performance of another
oppositely directed function describing the influence of function object on function carrier (i.e.
product upon tool). From this point on in this article we will call these twafuno ns fAc o up |
functionso, and term Acounter functiono wil
functions to one another.

With strict approach to the analysis, it follows from the aforesaid that when one builds a
function model, he should supplent any function with an oppositely directed counter
function. Obviously, such step would make function model more sophisticated (though
formulation of counter function usually does not cause any difficulties). At the same time,
benefits of such approach& not obvious at all. Let 6s mak
functions and then formulate recommendations on their introduction into function models on

the basis of our classification (or on disregard for these functions).

It is important to be notedpupled functions are not a pair of independent interactions between
two system components but two interactions when one of them is caused by another and scales
of these interactions are depend each to other.

3. Classification of coupled functions

In pradical work on model construction one function (out of the pair) is defined quite
unambiguously one should start building a function model from the main function of a system

and then the model iI's suppl ement eidapairdsh ot he
the first function (perhaps, it would be bet
these terms are already used in function model).

Based on our experience in function analysis, we distinguish the following typical situations,

in which it is feasible to analyze coupled functions:

3.1 First function is a useful one, while counter function is a harmful one

Such a situation is encountered quite often when analyzing the operation of engineering
systems, in which either tool wear significant variation of tool parameters takes place. Two
typical situations could be singled out depending on the rate of such variation (i.e. on level of
harmful function performance):

1 Time scale of analysis involves significant variation of fwerameters; and
1 Time scale of analysis is much less than characteristic time of significant variation of
tool parameters.

For instance, when driving in a nail with a hammer, the latter (tool) moves the nail in (thus

transferring kinetic energy to thmil). In its turn, the nail absorbs kinetic energy when being
moved in, and with each hammer stroke this energy is completely expended and hammer speed
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drops to zero. From the standpoint of process duration, this function (i.e. energy absorption) is
a hamful one.

Now an opposite situationslow wear out of tool. When a nail is driven in by a hammer, the
latter moves the nail in, while the nail wears out (abrades) the operating surface of the hammer.
In actual practice this wear out is often neglectatithacounterfunction is excluded from the
model. This is quite an adequate approach, but only with one reservation. It is important to
keep in mind that slow wear out would lead in the final end to significant variation of
parameters of the first function carrier amorsening of parameters describing the level of this
function performance (when a hammer is used on a permanent basis, its operating surface
would get deformed, thus requiring adjustment). In other words, wheargerfunction is
excluded from the modehere is a risk to omit important factors influencing the level of first
function performance.

3.2 First function is a useful one, and counter function is also a useful function

Similarly, two typical situations could be singled out depending on tieeofaparameters
variation:

1 Time scale of analysis involves significant variation of tool parameters; and
1 Time scale of analysis is much less than characteristic time of significant variation of
tool parameters.

Let6s give two s i nmpehtefamreteetrinmakette heatbl\eatet. A countere | e
useful function is performed concurrenflywater cools down the heating element. This
function is very important for normal operation of the teakettle because switching the kettle on
without water insié it would quickly lead to breakdown of heating element. This is a typical
situation of implementation of coupled functions operating in one time scale.

A cone in electrodynamic loudspeaker is held in place by means of a gpepase
suspension (usuallig is made of polymeric material or rubber). The suspension performs

useful functions it o hol @,t iofn dplr@ceé O . Concurrently, tFh
operation Akneadso suspension, i . e. dihanges
system acquires optimal sounding only after several hours of operation. This is a counter
function having significantly larger time scale as compared to the first function.

A similar classification can be used in the case when the first functitve giir is a harmful
one.

3.3 First function is a harmful one, and counter function is a harmful one

Destruction of mirrors by light flux may take place in higbwer laser systems. This process

is described by a pair of har mful functions:
flux destructs mirror 0. Iisperfarnsed all the tiene, etslathen g t h
counter function emerges only starting from a certain threshold value of light flux power.

3.4 First function is a harmful one, while counter function is a useful one
Such a situation may arise, for instance, in the course of analysis of heat flows in electronic
devi ces. A situation el ement A rel eases h e

har mf ul functi on AfA heat s Bo. Goomitted &ram f unct
consideration despite its importance.
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4. Recommendations on formulation and use of pair functions

Despite the fact that functions always exist in pairs, not always counter functions should be
included in the model and analyzed in detailvééheless, a number of typical situations could
be distinguished, in which analysis of coupled functions is feasible:

4.1 In the case of two coupled useful functiefer example, multiayer packaging materials

on the basis of aluminum foil. Thefuné on At o stop oxygen fl owo |
|l ayer on aluminum foil surface. Concurrently
|l ayer o. I n the majority of such casefect t he f
relationshipnd often separated in time: barrier pr
emerge due to the fact that that counter function of oxygenis alpeady f or med (At o
(met al surface) o). A sdffiningewidgleusesl ingahspopdtian ofo me n o r
bulk materials: a flow of substance forms an additional barrier layer, and this layer, in its turn,
slows down the flow (thus, protecting the housing proper).

4.2 I n the case of coupl ed f unc pe Actnallyp\le fiusef

deal hear with a contradictidnia usef ul action should be per
useful ness, and at the same time it shoul dn
function that accompani e sadidtidnef thesatypel is easilg f u | é

identified in a doubled conflicting pair (when function carrier implements useful function
directed on element B and harmful function directed on element C). For coupled functions such

a contradiction is much less obviolssadvantages of this type are identified later in the course

of causee f f ect analysis (in the mode of search
coupled functions notion allows identifying relevant disadvantage at early stages of analysis in
theorm of contradiction. Letdos take a system
example (removal of organic matter from sewage water). Bacteria decompose organic matter
to phosphates, but phosphates suppress bacterial activity (that same oltdleQtrinciple,

but with an emphasis on biology). Currently the problem is solved partially by artificial
intensification of bacterial activity, which leads to a large number of secondary problems.
Formulation of problem in the form of contradiction ffwsubsequent resolving of the latter)

would enable to increase system efficiency quite significantly.

4.3 And, finally, failureanticipation analysis [3, 4]. Though faildamticipation analysis often

gives good results, its methodology is characterizedhb presence of very important but
poorly algorithmized step namely, identification of latent harmful functions. The efficiency

of performance of this step depends largely on practical skills of researcher. At the same time,
formulation of harmful funttons and inclusion of ALL of THEM in the model would help to
compile a list of latent harmful functions. Later these functions can be analyzed according to
well-described methodology of failuanticipation analysis. Particular emphasis should be
placedm counter f unectteromm st ihnaevisncgalidoo,ngi . e. to t
change parameters of function carrier (i.e. just to those functions that are usually omitted as
being of low significance). For instance, vacuawaporating apparatusase widely used in
production of potassium fertilizers. The customer of one specific project indicated to the
authors five problems associated with sudden breakdown of apparatuses. All resources of repair
and maintenance department were allocated forlimenation of these problems. However,
simple analysis of repair and maintenance department expenses showed that 80% of time and
funds are spent to eliminate subsequences of usual sluggish corrosion.
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5. Concluding remarks

Based on the experience oétauthors, after construction of function model, researcher should
analyze all functions included in it for the significance of coupled functions. Though it may
seem that such step is characterized by high labor consumption, actual expenditures of time
andlabor are not too significant. A standard operatioradigable model usually includes06
components and 105 functions. Formulation of counter functions (as indicated above) usually

is not difficult (at this stage a researcher is well acquainted gthubject matter of a project).
Checking the functions identified in this way in terms of high significance or low significance
may turn out to be more difficult that identification of these functions. But it can be
exceptionally useful from the standpbof function analysis efficiency.

Particular emphasis should be placed on situations when a pair of oppdséetgd functions
implements positive or negative feedback. That same old Le Chatelier principle implements
typical negative feedbadkup to complete stop of chemical, electrochemical, biological and
other processes. In contrast, coupled functions associated with corrosion processes are
characterized by typical positive feedback. The larger is a degree of corrosion, the higher is the
corroson rate. Irreversible consequences often appear all of a sudden. Another ekxample
situation with traffic on the roads. Minor increase in traffic density (as compared to previous
point in time), whichis insignificant when taken alone, suddenly lead tdfitrgams (or
obstruction on conveyor belts in production processes).

The presence of important coupled functions represents an indirect indication on feasibility of
conducting the function analysis in a more detailed vay one system level. In othesords,

it makes sense for researchers to consider funcigoner as an independent engineering
system and conduct functional modeling for this function carrier.
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Abstract

According to several yeaexperience of applying flow analysis in industries, combining with the Su
Field Analysis, authors simplified 10 defective flows into 4 defective flow models, anthdileap a
new process to use flow analysis techniques to solve engineering problems

A case study shows thtitis new process cabe usedo "The low pass ratef productionof powder
metallurgy (a new materiapressuralie forming', the problem collapsef produdsbedge and vertex
areresolved based diow analysis. As a resulthé pass rateasincreased by 16%, while the ideality
is improved based on the minor change ofptfesssureadies.

Keywords:Technical System (TS}|ow Analysis(FA), SuField, defectivemodel,trend, evolution
minimal problem, causeollapse edge, vertexpowdermetallurgy forming dies.

1. The Brief Introduction of Trend of Increasing Flow Efficiency

Historically, G. Altschuller was the first to formulate theTr end o f Mi ni mum [
Conducti vi t gstudentfgortGedadv tad putdorward an idea to propagate this
trend to the entire period of the systembds
course ofTS evolution the conductivitgf its components carrying energy flows normally
increases.

This trendhad a lot of names:was cal |l ed the ATr end Adfr elnrdcr e
of I ncreasing Conductivity of Substance, Ene
Conductv i t y offi TRleomwds cof Opt i rkinaha it wasnamadifT r RInaw sod .

|l ncreasi ng Ef forfdrene of tngreasinig Flowks Bfficisndy

Flow analysis(FA), trend ofincreasing flow efficiencyare thenew took in modern TRIZ
systemFollowing please se@Architectureofe v ol ut i ¢Ag. 1)t r end s o

122



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

Trend of S-curve

evolution

T

Trend of increasing

"| ideality of system |

Trend of
Transition to the
super-system

Trend of system
completeness

Trend of Trend of
Increasing degree | | |Increasing flow
of trimming efficiency

Trend of decreasing
human

involvement

Trend of non-uniform
evolution of
sub-systems

Trend of increasing
harmonization

Trend of increasing
controllability

Trend of transition to the
micro-level &increasing
Su-Field interactions

Trend of increasing
dynamization

Fig.1 Architectureof evolution trends

This new and innovativanalysis methodan increase the TRIZ applicatissope to solve
engineering problems. In recent yeangthors havé&iedto useFA as a primary toobombined

with other TRIZ toolsto solve some engineering problemglifferent industries.

While usng FA to solve theproblem, firsty, we must converthe engineering problemisito
the correspondingroblems ofdefecive flows. There are two type (A, B) alefecive flows

(Conductivity andJsability),and 10typical problems ofdefecive flows.

(A) Conductivitydefecs: 1. bottleneck 2. stagnant zonge3. poorly transferablélow; 4. long
flow; 5. channelhas higher resistance6. low flow density 7. large number of flow

transformations

(B) Utilization defecs: 1. gray zone 2. channel damageflow; 3. flow damage channel 4.

flow damages itself{Fig.2).

‘ Engineering Problems ‘

‘UsefuIFIow‘ ‘DefectiveFIow‘ ‘HarmfuIFIow‘

‘Conductivity disadvantages‘

‘ Usability disadvantages

1. bottleneck; 2. stagnant zone;

3. poorly transferable flow; 4. long flow;
5. channel has higher resistance;
6. low flow density; 7. large number of

flow transformations

1. gray zone;

2. channel damages flow;
3. flow damages channel;
4. Flow damages itself.

Fig.2 The 2 kinds oddefecive flows

Then we can use the problem solving tadfsred in théiTrendofin c r easi ng
to eliminate problemef defedtive flows that have been found

2. Build-Up Simplified Defecive Flow Classification M odels

Whensolving problemsvith FA, theauthors believe thabnvering engineeringroblems into
the corresponding 10 defective flows is a difficult and complicatedess. fen authors
workedto analyethedefective flows combinedith SuField analysiamodel.After a igorous
and arefulresearchingtheauthorssuccessfullyconvered10 defedtve flowsinto 4 defecive
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flow modek. With the simplifieddefective flow classification modelgan helppeopleto
analye theflows combinedwith SuField analysigools,andachievethe mastery(Fig.3)

‘ Engineering Problems ‘

‘UsefulFIow‘ ‘Defective Flow‘ ‘ Harmful Flow ‘

‘Conductivitydisadvantages‘ ‘ Usabilitydisadvantages‘
1. bottleneck; 2. stagnhant zone; )

3. poorly transferable flow; 4. long flow; 12 g;zﬁﬁglngéma os flow-
5. channel has higher resistance; . g ’

3 flow damages channel;
6. low flow density; 7. large number of 4 Flow dama%es itself.
flow transformations

Just |(Insufficient|( Excessive Harmful
. : . . Useful & Harmful . i
Effective |!| Interaction || Interaction . Interaction |;
i Interaction Flow -
Flow )i Flow Flow Flow

Fig.3 Build up thesimplified defective flowclassificatiormodels

This figureis one of the basic processeatthuthorsuse regularly t@nalyze arengineering
problem combined with SFA (Strield Analysig. (Fig.4)

|DefectingIow} | Harmful Flow | Useful, Insufficient, Excessive, Harmful Co-exist

e T~
— — F F F
Conductivity disadvantages| | Usability disadvantages| o o 8
/1. bottleneck; 2. stagnant zone; (. . N (5 (s, (s, s, (s, S,
3. poorly transferable flow; 4. long flow; ; g;:{;:{'g;ma es flow:
5. channel has higher resistance; 3 flow damagesgchanneI" F F)
6. low flow density; 7. large number of || 4 Flow damages itself. ’ \ \ o

\flow transformations FAN / Jpn §g) | Bylpanan 8.1 (S,

.

‘ After convert, there have 4 defective flow models ‘

Interaction Flow Interaction Flow Interaction Flow

defects defects defects

Insufficient Excessive Useful & Harmful
L J L J L J L Flow defects

Harmful InteractionJ

Fig.4 Abasicprocesses tanalyze an EP
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3. Establish A New Process To Solve ggineering Problems
Now we canestablisha new 5 stepprocesgo solve the problems: (Fig.5)

Flow analysis combined with other TRIZ analysis tools,
like SFA, RCA, RA, etc. To define the minimum problem,
to analyze causes of defective flows, get spatial zone
($Z) and time zone (TZ) of minimum problem.

Convert problems into Check the corresponding
4 defective flow models flow improvement trends
Convert T l Application

‘ Engineering Problems ‘ ‘ Final Solutions ‘

Fig.5 Themainprocess of solving the problemwvith FA

Step 1: state the EngineeriRgoblems (EP)- Descrbe the process defeat$ production in
details, i.e.the patial andime zone of the problerhappened

Step 2: convert EP into 4 detective flow modelsMake FA, convertthe problemsin
production process iathe new defecte flow model.

Step 3: make FA witbvolution trendand witho t h er T R Znalpsiganlg likeSkA, 6
RA (Resaurce, Analysig, RCA (Root Cause Aalysig , etc., the malysispurposes are tefine
theminimal problem analyze causes of defective flowsd finally, get spatial zone (SZ) and
time zone (TZ) of the minimal problem

Analyze the defeote flowsin the minimal problem zonéy applyingSFA, RCA and RA, at
the different system level@=ig.6)

Field attribute

Field
parameter

[SUbStanCe} [Substance attri-

bute parameter
Supper
system

)
e ||
)

Sub-
system

(e [ e |
)L
) JL
J JL

Fig.6 System level SFA, RCA and RA

Step 4: check ajpossiblecorresponding flow enhancement trerdBdentify some available
flow evolutiontrends that couldolve the probles) aiming at the cause of defective flows
formed.

The principles ofbove step, i6 f i r st e asy .Appyngidestifiedfobw frehdsc ul t 0
one by onegradually solve the engineering probldind out thefeasibletrends

Step 5: get final solutiorisTransfer thdeasibletrends to reasolutiors.
Below s thedetail process of solving the problemvith FA Fig.7):
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substance ‘ Substance attri- H Field attribute

bute parameter parameter ‘ Field |

E-I | I
|_system |

system | | \ |

s [ - . p—
system | | ‘ ‘ ‘ | ‘
f

1 macro defective flowﬂ ’

To aim at the causes
’ of defective flows, to
(minimum problem ’,’ find out the flow

defective fl . \improvement trends
zone defective flow) Minimum problem, Analyze the p

causes of defective flows, got
spatial zone (SZ) & time zone (TZ)
of minimum problem.

2 micro defective flows !

Convert problems into Corresponding flow

4 defective flow models improvement trends
T Convert l Application

‘ Engineering Problems ‘ | Final Solutions |

Fig.7 Thedetail process of solving the problemvith FA

4. Case $udy: Solve A Real Ehgineering Problem (EP)

Authors have successfully resolved sever@aPsin the fields of "electronic circuits, Internet
hardware, cloud platforms, powdaetallurgy'; these EPs all belong thardEPs in industries
and enterprisesThesolvingideas arevery simple, directect theroot target of the problesn
For examplea case studiSolving theproblem oflow yield productiorof power supply circuit
with a 2mm red gum line, 'has been published ia new book "TRIZEnhancement and
Practical Application§ by ProfessoMin Zhao.

The following contentlescribesiow theauthorsuse this nevb stepsprocess to solva real
hard EP in theressure die formgindustry.

Step 1: State EBsituation escriptior): The low pass ratef pressure die formingf powder
metallurgy productionvith a new material

When customer usedreew type of metal powdematerialin the productionof pressure die
forming, if product has a&complex shape, after thpper die and lowetdie separabn, the slight

collapsewill be happerat thep r o dsedge d vertex, cause the product wastee groduct

pass rate is only about 75%this case(Fig.8)

(> [ ]

5 Suppose the
Upper Die product has the

complex shape
< Product’s edges

or vertex will

have a slight

collapse.

LowerDie

Fig.8 Complex product's shape will causallapses of edges& vertex
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Step 2: Convetthe problemsThe low pass ratef pressure die formingf powder metallurgy
productionwith a new materialinto the4 defecive flow modek.

Step 3: MakeFA, authors éund theminimum zone of the defective flow, identified the
minimum problem zone of defeet flow model also, found that theseful flow and harmful
flow were oexistence

(C) A harmfulinteractionflow made aseparahg trend.
(D) A useful flowwas aninsufficientflow with the converging trend.

If the harmful flow(C) is greater than the useful flo{fld), the edgeor vertex will collapse
duringupperandlowerd i e s 6 s Etpeausetultflowasrgreater than the harmful flow, the
product willkeep agoodshape

The minimal problenspatial zon€SZ) is the local tip position whettgarmful flow is greater
than the useful flow.

The minimal problentime zone(TZ) is the moment of uppeand lower died  aragiqn.
(Fig.9).

Minimum problem zone: || Useful flow is greater TZ: upper & lower
harmful flow is greaterthan|| than the harmful flow dies’ separation
useful flow. SZ: at the local

edge or vertex position. p= = =

Harmful flow haN =
more “separating | "™\ Upparels o
Trend”. T
Lower Die
Useful flow has less Insufficient
“‘converging trend”.

Fig.9 Theminimum problenof SZ & TZ

Then, authorsralyzal the defedve flows in the minimal problem zondy applyingSFA,
RCA and RA, at the different system levéSeeFig.10)

Substance Substance Field Field
Parameter Parameter
‘ Pressure, Electricfield,
Super Press machine, . Pressure, Temperature, C

system Power Suppl Electromagnetic Electromagnetic field Magnetic field,
y PPl field 9 Gravity field
Upper and lower Shape, Adhesion Magnetic field intensity. Magnetic field,
System dies, Powder, force, Density, Magnetic field, Pressure, Pressure field,
Magnetic core Time Temperature Thermal field

Sub- Dies material, Material molecular Substance enerayv field Electron field,
system Powder shape shape, Force 9y Molecular field

Fig.10System level SFA, RCA and RA of the EP

Base onthe causesof "more separatig trend (hamful flow)" and ‘less convergng trend
(insufficientinteractionflow)”, making acomprehensiv@System level and Skield resource
a n al ,yr@m 3degels (system, super system, saystem) and at the 4 sectiorfsubstance,
field, subséince parameterfield parameters), trio find thespaial/time causes in the minimal
defective flow zone.
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At this step the authorsstrongly emphasied thecooperation betweeRIZ experts and
industry experts to findutthe realcauses

Make a RCA Root CausesAnalysig about why "separating trend" is more than the
"convergng trend.

Through RA (Resource Analysis), we can try to find the forming reasbarafful flow and
otherdefective flovs.

RCA for cause otmoreseparatig trend(hamful flow)™ Die inner corner sipe,Adhesion
force,Electromagnetic force, etc.

RCA for cause of'lessconvergng trend(insufficient interactionflow)™ Powder material,

Die material,Die pressurePressing timeTemperaturegtc

Step 4:Aiming at the root causefor the defective flows, finding some availabldlow
improvement trends that mayplve the probles (Fig.11) We selected 2 options (E, F).

Insufficient Excessive Useful & Harmful Harmful
Interaction Flow Interaction Flow ‘ Interaction Flow ‘ Interaction
Model Model Model Flow Model
. 2. To reduce the negative
1. TS Sl;\f%rlef?gsvthe effects of harmful and
occasional flows

utilization rate of of harmful and
the flow (9) occasional flows (7)

low of continuity
(14)

impact of harmful
flows (11)

( A. increase the ‘ B. increase the ‘(A Reduce continuity ( B. to reduce the
fl

Fig.11 Find some availabftow improvemenevolutiontrends

(E). Solving the problemscome fromi h a r imtéractionflow modeb ¢heckthe"reduce the
impact of harmful flows (1itemg", find out the corresponding flommprovementtrends.
(Tab.1)

To reduce the impact of harmful flows (11 items)

1 Incorporate Gray Zones in the Path

2 Reduce flow density

3 Eliminate Resonance

4 Reassign flows

5 Incorporate a Flow and an Anti-flow x
6 Change flow v
7 Change damaged objects

8 Pre-set substance, energy, information to v
neutralize flow

9 Bypassing

10 Transport flow to supper system

11 Recycling or reply accidental flow

Tab.1 Find out the corresponding flamprovementrends (11 items)

Base on the abovanalysisresults, select three (5, 6, 8 items) flow improvement trends to
reduce the harmful slow.
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A5 F dlowmandantiflow; 6 Change flow8 Presetsubstancéiow, energyinformation to

neutralized | ow. 0

To apply above availabligow improvementrends onédy one withapr i nci pl e of t

easy t o p wedangrddudlly sbhe thER. O ,

(F). Solhing the problens come fronfi i n s u fintelaatianflowd check theilncrease the
continuity off | o(Wdems), find outthe corresponding flowmprovementrends(Tab.2)

To increase the continuity of flow (14 items)

1 Reduce the conversions of flow

2 Transition to a more efficient flow effect

3 Reduce the length of flow

4 Eliminate gray area

5 Eliminate bottlenecks

6 Use bypassing

conduction

7 Expand the flow channel of each independent part of the

8 Increase the density of flow

9 Apply an useful effects of a flow to another flow

10 Apply an useful effects of flow to channel of another flow

11 Let a flow carries other flow

12 Assign many flows a channel

13 Change flow to increase the continuity of flow

14 Let flow pass through the channel of supper system

Tab.2 Find out the corresponding flow trer(tld items)

Base on the root causes of insufficient action in accordance with the flow: Sele€2 8o
items) flow improvementrends to eliminate the insufficiarflow:

A 2  Titioratm amore efficient the flow effed Increase the density flowv

Step 5: Aplying selectedtemsto makethe feasible solutiar(Fig.12)

Fl'here have three trends to eliminate
the insufficient detective flows:
5 incorporate a flow and anti-flow;
6 change flow;
8 pre-set substance flow, energy,
\information to neutralized flow.

/There have two trends to eliminate \——" | =
the insufficient detective flows:

2. Transition to a more efficient the
flow effect;
\ 8. Increase the flow density.

Fig.12 Select the corresponding trends as the solutions

According to the principledfif i r st easy

theseb fiow snprovemerttfendsc u | t o0,

were applied t@adjustthe production processd powder metallurgy dieSelect 1 or 2 of them
to make deasiblesolution. Finally, authorachieved very good results: theostcollapseof
product®edge & vertex were eliminatethe pass rate increased to 90%.
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5. Conclusion

Deep understanding and applying FA is very useful to solve the EPs. Authors used the FA to
build up a new process to analyze and solve EPS.

Firstly, aminimal problem zondave beendefinedby using FA the defective flovs have
convertedinto defecive flow modek. Secondly, the substance, field and parameters of the
system, subsystems asdpper systenmave beeranalyzed with the resources of substances
and fields. Lastlythe major causewhat resuktd thedefective flowshave beerfound, and
some flowimprovement trendsaveapplied to solve the problesn

A case study shows thihis newprocess has been sotven EP'The low pass ratef pressure
die formingof powder metallurgy productiowith a new material'The problers of collapse
of product®edge and vertekave been wellesolved The productspass ratéasincreasedo
90%, while the idealitynas beernhancedbased on the minimal change of firessurelies.
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DEFINITION OF SYSTEM INNOVATION DEGREE AND ITS
APPLICATIONS
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Abstract

GenrichS. Altshuller hasproposedive levels of innovationgLol). While, in creative works, people
usually use this concept in a single direction.

To distinguishthe dfference of the innovations whidbelong to the same innovation levlis paper
proposeanew concepBystem Innovation Degrgé&iD).

SID is ameasuremerib theinnovations whictiocate athe same level ahnovationdefined byGenrich

S. Altshuller.

With a practicakcasestudy, the main applications &ID in inventionworks areilluminated.

Keywords:Levels of innovations, Technical Predict, Patent Strategy

1. Introduction
GenrichS. Altshuller hasproposedive levels of innovationgLol) as Table 1 shows [1]

Table 1 Levels of innovations

resolution of a physical
contradiction

!evels O.f Description Knovv_ledge Object Status
innovations Required
Technology Transfer Within the trade Does not change
[ S@St |-asimpleimprovement of a reletvant o that
technical system system
Knowledge Exchange From different Changed but not
Ao & -an invention that includes theg 2¢as within the substantially
[ SOSH resolution of a technical |trr11dustr3t/ relevant tg
contradiction € system.
Knowledge Collaborationan | From other Changed essentially]
A invention containing a industries
[ S®St
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Knowledge Innovation a new | From different Totally changed
technology is applied which | fields of science
[ S@St | contains aresolution of
contradictions with better
approach tddeal Final Result

Innovation Networks New knowledge | Entire technical
R discovery of a new system is changed i
[ S@St phenomenon or substances which this object is
used.

As we know the high or lowlevels of innovationslo not means the related solutions is good
or bad, becausecustaneroften relictantly acceptssubstantl changesto his existingsysten.
For solvinga problem he perceiveshatit is necessaryo changesamething in the existing
systembuthetriesto implement thesehangesninimally to facilitateprompt introduction [1].

With the help oknowledgeof levels of innovation, people cdf predict the trend of existing
technologies and products aRjiset up the patent strategy for leisisting technologies and
products

While, according to the definition of the levels of wwations proposedby Genrich S.
Altshuller, people carjust distinguish the levelsf innovationin a single direction. In other
words if there are two or more innovatiomghich are labeled in the same level, how can
people distinguisithenf

Even thoughrsome peopl¢houghtthat distinguishing of the different levels of innovation is
more important thathe distinguishingwithin the same levdR], butin mostenterprisesfor

the innovaibn usually is an asymptotical process with lewibn of resourcesor some
economidactors,people usually will choose the solutions within the same level of innovation,
which indicates thatistinguishing the degrees witim the same level is meaningful.

2. Description of System Innovation Degree

In order to evaluate thaiegree of an innovation whichlgcated athe same innovation level,
a new concept imtroduceal whichis called as System Innovation Degree (SID). ibisieasue
theinnovations whichHocate athe same level ahnovationdefined byGenrichS. Altshuller.
SID is distinguisted by theknowledgeappliedfor the solution. Se@able. 2. for details.

Table 2 Description ofSystem Innovation Degree

System

Innovation 1 2 3 4

Degree
From different

Knowledgethe | Within the areas within From different

. . From other ,

Solution trade relevant | the industry industries fields of

Applied to that system | relevant to the science
system.
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With the help of SIDzonceptthe degree of innovatiormsn nowbeevaluate in the same level
by adifferentdirectioncomparing wih Lol.

Same as thievels of innovationseventheSID is large or small does not meahsit the related
solutions isgood or bad, but with the help of SIpeople can 1) predict the trend of existing
technologies and products and 2) set up the pateegyrin a different direction comparing
with theLevels oflnnovationgLol).

Using the Lol and SIDa whole picture for the technicptedictingcan be obtainedh two-
dimensioms as showing irFig.1.

Fig. 1Lol and SID

3. Case Study

Here, a practicatasestudy has been introduced show how the I® applies in the real
invention job.

1418 whiwniple Sothiie
Fig.2. Wmd Turblnes in Worklng

http://img4.imgtn.bdimg.com/it/

Project name Wind Turbinelmprovemert.

Project Description: Wind turbine worksasthe opposite of a fansing electricity to make
wind, a turbine uses wind to make electricity. The wind turns the blades, which spin a shatft,
which connects to a generator and makes electricity. The electricity is sentglh
transmission and digbution lines to a substatidhensentto homes, businesses and schools.

Project Goal: Improves the productivity of the three blades wind turbine without increasing
the cost[3]

To simplify the process, solutions with the technical contradic{ib@) overcomingare
chosen, it is clear that the soluticare belonged to level&fined by @nrichS. Altshuller.

133


http://img4.imgtn.bdimg.com/it/
http://image.baidu.com/search/detail?ct=503316480&z=undefined&tn=baiduimagedetail&ipn=d&word=%E9%A3%8E%E5%8A%9B%E5%8F%91%E7%94%B5%E6%9C%BA&step_word=&ie=utf-8&in=&cl=2&lm=-1&st=undefined&cs=2923169906,3146562438&os=133384500,293537149&simid=4152798873,294521840&pn=2&rn=1&di=57496168840&ln=1000&fr=&fmq=1465894428519_R&fm=&ic=undefined&s=undefined&se=&sme=&tab=0&width=&height=&face=undefined&is=&istype=0&ist=&jit=&bdtype=0&gsm=0&objurl=http://pic39.nipic.com/20140315/8952533_144204998000_2.jpg&rpstart=0&rpnum=0

Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

To incressethe rotate speedr torqueof the gaerator in low speed ofimd, peopleneedto
increase the surface area of the wind blade, but it willteattrease afhe length of the blade,
thuswill got a technical contradiction (TC 1), which is shown in F@f3oursetherearea
seriesof pairs of TC in this projectand thesolving process ianalogical It is unnecessary to
go into details.

VTC1
) <::> Rotor
Blade “|  High rotational speed
Large surface area @ [ Blade }
P N— P>
Length
J

Fig.3. TC 1 in Wind Turbing3]

By means ofAltshullerés Matrix, four recommendation$or TC 1 overcoming are gotten
showsin Fig.4.

Tectnica SR

Recommendations:

Improving Area of moving object

Worsening Length of moving object

™ 14 - Curvature increase

& 15 - Dynamic parts
& 18 - Mechanical vibration

& 4 - Symmety change

Fig.4. Recommendations for TGivercoming [3]
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Based orthese recommendatiorfs]lowing solutionsareobtained asshownin Fig.5. [3]

3) 4)
Fig. 5. Final Solutions for TQ in Wind TurbineProject [3]

(1) Blade in form of MOBIUS Beltilluming from 14Curvature increase
(2) Flexible Wingi Blade illuming from 18 Mechanical vibration

(3) Variablerigidity flipper i blade illuming from 15Dynamic Parts

(4) Doubled propellei Doubled bladeslluming from4 Symmetry Change

For sOoBpEteanbteeWkngwl edtger bwiindéiins wi e(gdu)i r ed.
Var i-raibd iedi ttyhef Ikinmpvdredge from the sol ara power
di fferent areas within the i ndudgDoruyp Ireedl ewraompte |
the knooihbglgen aémasipsaecrge qui,frerd ,s(d@bnltadldey i n f or
of MOBI US Belt, the mathematics knowl edge i s
Accortdhcerg o ér R& Dteido ma, b coevaec h® s d bk g3 le@aise fe me &k
respeasi gskhobwn in Tabl e. 3.

Table3. System Innovation Degrder TC 1 Solutions in Wind Turbine Project

System
Innovation 1 2 3 4
Degree
From different
Knowledge Within the areas within Erom other From different
Applied 9 trade relevant | theindustry industries fields of
PP to that system | relevant to the science
system
Doubled Blade in form
Solutions Flexible Wing | Variable propeller of MOBIUS
I Blade rigidity flipper | Doubled
Belt
blades
Solution No. | (2) 3) (4) (2)
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Once ranked the SID of the solutions which belong to the same lavel of innovations, people
could make use of these different solutions in differnt way. They may use the soluions (2) and
(3) in the current productfenovaing orimproving and make use ofi¢ solutions (1) and (4)

in setting up the patent stratagy. The reason is the solution (2) and (3) agbsntial
changes tdhe existing systenbut solution (4) and solution (1), in particular,awgstantial
changes toheexisting system

4. Conclusion

Traditional poopGkassifcveERI Blvietl si tofidd sammitv géin ®u
the difference of the 1innovatdiosmtsii mgpuiosseh bk | o
i nnovahalomteelt si mogtedy rpmatt ent strategy and to p
existing product or technology
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Abstract

Because the lay problem of the folding chair in the narrow space needs to be solved, the TRIZ theory
is introduced to solve it.Ae scheme dfanging guitar chair is establishaccording to the goldfish and

the multiscreen method, and the folding idea is obtalmegkd on the dwarf methdad the designing
process, some conflicts are occurred, and these conflicts are described by the stagidasting
parameters, through querying the contradiction matrix, the recommended inventive principles are given,
and five inventive principles are selected according the actual situation, and the solving schemes of
guitar hanging chair are obtainddhehanging function of Ornaments chaisolvedbased on scientific

effects and the sizes, strength analysis results are provided.

Keywords: innovative design, guitar hanging chair, TRIZ innovative thinking tool, contradiction
matrix, scientific effects.

1. Introduction

Fig. 1 the fixed chaif1] Fig. 2 the folded chaij2]

Chairs arethe necessary furnituiia our daily life, most of the chair@reshown in Figure 1,
which area fixed form,and theyoccupy a certain space. And for the crowded space, such as
school studendormitory, factory employee dormitoryhey hope thah chair occupy a certain
space in use, and when not in use, can reduce the space occupedfading chairs are
developedwhich areshown in Figure 2. Although the folding chair to ease the demand for
living space, it is still facing how toestoread, and a new type chas necessary tbe creatively
conceivedor the crowded room

The innovative design about chair has nopped, for example, Pan, et al developed a new
kind of specialshaped shelthair which can be deformed and combined easily and can be used
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as a shelf based on TRIZ theory [3jang et al creatively accomplished a miilinctional

office chair which camealize the normal, comfortable office, and the rest by using TRIZ theory
[4]. Ma et al designed a computer chair by considering ergonomics which improves the various
needs of the human to the computer chair, increases the comfort, reduces the incidence of
occupational disease, and achieves satisfactory working condition [4]. Xu, et al created an
office chair which are fit for modern office work according to the sitting behaviouZl@hg

et al established a design method of working seat which can dbé&Bpatial position and

basic shape of six seat parts accoding the healthy seated posture information, constructed the
3D model, and verified the theoretical design results [6]. Jia, et al also built an innovation
method to design chair based on TRIZdty which can creatively conceive the structure of
massage chair [7Kulkarni, et al designed a transformable chair which would satisfy various
needs of people by using TRI[B]. From these studies, TRIZ theory is a useful tool for
designing the chairsyhich can help us to generate various new concepts, and solve some
difficult (such as conflicts) during designing process.

However, thee studies more consider the comfortable and +furitition, do little concern for

the storage problems after it foldinbn this paper, TRIZ theory is as solving tool to innovative
design the new chair, which it is not only reduce the space occupied during its period of no
working, but also can use as an ornament.

2. The concept conceiving based on TRIZ innovative thinkingpol

TRIZ theory help us overcome thinking inertia. In this design, the storage problem after the
chair folding need be solved, so the concept of new chair for this problem need be created. The
thinking tools, which is goldfishpulti-screen, smaltlwarf, are used to help us find the new
concept.

2.1Conceiving of the scheme of hanging chair based on goldfish andseralén

method

TRIZ innovative thinking tools have a lot of tools to help pedplink divergently, such as
multi-screen method, ST (Size, Time, and Cospperator method, goldfish, small dwarf
method, the ultimate ideal soluticand so on [A2]. Becauséhe foldingchairdoes not want
to occupy the ground spaisgthe fantasy, it is used to solve the goldfish method analysis.

According to the analysis process of goldfish, the chair innovation sckhenmeiving is
establisked, and shown iRigure3. First the obstacles to achieve the faniasgund, and then

the conditions of realimg fantasyandthe resourcethat can be used realize those conditions
are analyzed. Finallthe idea with usinghe non ground space (such as walls, ceilihgse
mainly refers to hang on the walk determine. It is not simple hanging on the wadllso
would beautifythe walls,so itbecome adecoration, and then the concept of ornaments chair
is put forward.

Furtherused with multiscreen method (as shown in Figd)eto analyze the problemhat
kind of decorative element®mbinedhe chair and thehinking is divergd. Consideedmusic
being enjoy for inspiration and spirit gfoung peopleso the music element selected tde
combined withthe chair, while guitar is more common muasimstrumentand is loved by lots
of young peopleln a word the guitar elemens selected to combineith chair, and the scheme
of hangingguitar chairs establisheds shown in Fig. 5
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Question: how to reduce the occupied grou
snace?

|
v ’

Reality: folding Fantasy: don't occupy the ground space]
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~
Why the fantasy is not realistic?
The chair is always on the ground.
J
\
Under what conditions, the fantasy can be turned into
reality?
S
\

Available resources:
Subsystem: chaiface, chaiback, chakfeet, etc.

Supersystem: room walls, etc.

J
)
New ideas
The folded chairtnanging on the wall, and for
J

Fig. 3 The solving process of goldfish
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@

Fig. 5 The solution scheme: guitar hanging

2.2 Solving the folding problenbased orthe dwarf method

After the idea about chair that acted agay hangingdecoratiorafter no using is determinged
the chair shoud be designed to foldable structure, wchichpsaformthe functions with sit
and decoratin. Thedwarfs methodn TRIZ theory isintroducel toestablisithe chair'solding
scheme. According to the analysis proaafisdwarfsmethod, first setpithe dwarfs model of
the original systemwhich the guitarss composed ofhe head the neck and the resonance
cavity, with two groups of dwés (headand neck for a group). And then the subjective initiative
of the dwarfds brought intglay, thepartdwarfs inthe resonant cavitg divided to two layer
andthesetwo layers can rotate mutually, and dvgairi the neck and resonance cavity consis
of two leg, which are supported the chair face layerd they are across each other, so the
preliminary blding schemés establisked andshown in Figures.

<

197,

B

—{

it
JY
o660

a hanging plhattehestdwanfurmodel of the origi
¢c) i mproved dwarifmprmoawedd chair structure

Fig. 5 The solution results: folding guitar hanging
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3. Conflict solving in the hanging decorationchair designng based on the
contradiction matrix

3.1 Conflict analysis

Some contradictions/ould beencounteretdh thedesignprocess of gitar hangingchair,such
as, the contradiction between the reliability the chair and the size of the foldgart,
ornaments coordination functioproduced gloomyeffect) and the support leg width (chair
stresds influenced) For theseconflicts, firstly, they are described lilie standard parameters,
gueryng with the standard engineering parameiteiTRIZ theory, guitathangingchair faed
two contradictions: 2+reliability /3 - moving object size; 3ltheharmful factors produckby
object /D - force (stress)

Table 1Conflict parameter standardization

No. Conflict Conflict standard
description
1 the contradiction between the reliability | 27- reliability /3 - moving

the chair and the size of the folded part | object size

ornaments coordination function (produd 31- the harmful factors
2 gloomy effect) and the support leg wid produced by objett 10-
(chairstress is influenced) stress

3.2 Querying from contradiction matrix

Based on thetandardengineering parametar TRIZ theory, theclassical TRIZ contradiction
matrix is queriedand shown inrable 2, the recommend&dventiveprinciples are obtained
15 Dynamics), 14 Spheroidalitycurvaturg, 9 (Preliminary anti-action), 4 (Asymmety)

(these four principle corresponds to thigst contradiction); 35 Parameterchangey, 40

(Composite), 1 $egmentation), 28 Mechanics Substitutign (these four principle

corresponding to theecondcontradictory). Comprehensiyeanalying for the inventve

principles, the inventive principles aboli5, 4, 14, 1, 28ure seleced to solve these two
contradictiams.

Table 2 Simple table of conflict matrix

3 11
1 2 : 4 9 |10 20
1 26 ! .
15Y9 14 l
27 |
| 4 4 :
28 30 I
35 28 1
31 I IR R :
> 40V
32 39
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3.3 Analyzing for the principle solution

According to theselectednventiveprinciples:15 (Dynamics), 14 Spheroidalitycurvatureg, 4
(Asymmety), 1 (Segmentation), 28Mechanics Substitutignsome insight are gained: 1) leg
is madeto sliding structure whenafolding chairis spreaded to chair for people sittingjaes
not affect the structural stabilitgnd afterit folded, the sliding leg caslip to the behinaf
guitar body surface, the appearaneaot being affeced 2) the guitar style elementare
intergated into the hanging chand the appearance ofrfgang chair is designed to kenilar

to the guitar surface, the decorative efisg@nhancd. 3) theasymmetry structure @fuitaris
retaired, which the shape of guitar is reflected in the new clpthe resonant cavity part (the
dwarf method also gahesimilar conclusions)s divided into two layers, the two layer can be
rotated each otheAt same timeit is split out a suppoteg, this legcan be relatively slied in
the behind of the resonant cavity p&the physical fields used todck the slidingleg, such
as locled bythe magnetic fieldis shown inFig. 6.

Fig. 6 The magnetic locked sliding leg

4. The hanging function solving of Ornaments chair based on scientific
effects

Whenthe giitar type hangingchairis not inusng, it is hanging on the wall as a decoration,
but the wall naihg a nailcanaffect the beaytof the room wallsthere arelanger as the nalil
bumps. How to solve this problentdr thid How to model,the TRIZ scientific effects
library is usedThroudh queryingthe scientific effectdibrary, the magnetic field effect (E13)
is used a piece of irons pre attached on the walind theguitartrype hanginghair inlaid a
magnet at one end (Figurg so that ornaments chaian beeasy to hang on the Wavithout
breaking bad wall appearance.
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Fig. 7 Magnitic hook
5. The guitar hanging chair structure and its analysis

Based on the above analysis, the back of the guitar resonanceisawiyled to two layer,
and they consist thehair folding mechanismThe positive shape is the guitaappearance
(guitar head and neck, resonanag)characteristicsThese structurensurs the appearance
and the function of the chais shown in Figure 8. Furthehe size of guitar hanginchair is
given (Figure 9), for processinty the mechanical analysedf guitar hangingchair are given
(Figure 10) andts strength to meet the requirement.

Fig. 8 The result of guitar hanging chair
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Fig. 9 The chair size
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URES (mm)
von Mises (N/m"2)
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1
| 23973772000 |
L 264284001

- 21,7343T0.000
. 2376e+001
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. 21144001
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. L057e+001
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5.284e+ 000

l 2.642e+000
1.000e-030

4,359,147.500

l 2,179,744.750
342,094

Fig. 10 Theanalysis of chair

Fig. 11 The 3D printed modebf chair

6. Conclusions

(1) TRIZ theory can help designers to quickly find the problem solutionthis paperthe
innovative thinking tools, contradiction matrix, invention principle, scientific efftiotary
are used to find the results of designing difficult in the process of guitar hanging chair

(2) This guitar hanginghaircombined thenusic elements arfdlding chair functionas it be
usel, it can be opeedas a chairWhenit is not in useit can be as a decorations hanging on
the wall, and the specific sizgiven. The strengthis analysed, and it satisfies the strength
requirement

(3) This guitathanging chair is printed by 3D printer, is shown Fig. 11. If produce in enormous
guantities, its practical and transferable can be considered. In the future, these factors should
be studied, and this chair are analysed by function model, which bring mawation idea

for improving this chair.
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DEVELOPING CREATIVE AND CRITICAL THINKING
SKILLS IN NEXT GENERATION WORKFORCE
Mark Barkar, Anatoly Guir?

aEducation for a New Era, Knoxville, 37922, USA
bEducation for a New Era, Moscow, Russia

Abstract
The latest World Economic Forum took place Januarg2@016 in Davos, Switzerland, with the
t heme AFourth I ndustri al 1R woridotcé wilhhave to @ligreits of t h

skillset to keep pacé&ive years from now, over ofthird of skills (35%) that are considered important
in todayo6s wor kf dhedop 4 skills| necedsaaywfor successin 2020dare:
1. Complex problem solvingl a person must understand the root cause and to address the root
cause rather than a symptom;
2. Critical thinkingi a method of thinking in which a person questions all incoming information
and even their own convictions;
3. Creativityii n a broad meaning, an ability to see s
4. Cognitive load managementin a world richwith information streams, formats and devices,
the ability to discriminate and prioritize, to filter out what is most important.

Unfortunately, modern school doesndt teach thes
approach to developirthese skills in grade school and university students.

Keywords: Skills for ZLCentury, creativity, critical thinking, education

AToday, teaching cre
important than teaching literacy
200 years adg
Sir Ken Robinson

1.INTRODUCTION

Educational system, as we know it today in most countries, was developed at the behest of the
first industrial revolution. Literacy was necessitated by changing industrial relations. The
predominately verbal forms of communication were no longer suffié@nthe support of
technological and business processes. Yet, the only available, at the time, industrial workforce
consisted of the former agrarian workers, who were moving to the big cities in search of gainful
employment at the factories since theyevierced from working the land by newly introduced
agricultural machinery. These people could not read, write or count. At the time, there was no
educational bureaucracy, the schools were created and financed by the companies, in need of
the literate workdrce. In the process, the needs of the first industrial revolution were satisfied
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to the extreme. Grade schools produced factory workers and soldiers. Uniformity of skills and
knowledge was placed at the base of the educational pyramid. Limited medi@essnade
lecturing the main method of instruction. Technological advances notwithstanding, lecturing
continues to be the main teaching method. Lately, an epidemic of standardized tests swept the
world. However, even the best of tests do not test allefrtiportant traits and skills of the

future associates of the companies large and small.

At the time, it was believed that plants and factories were the most progressive and efficient
production entities, thus every attempt was made to extend theircpgatii other areas of
activity. This explains why schools, hospitals, prisons, government bodies and other
institutions have many features of factory production, namely the division of labor, hierarchy
and complete facelessness.

Ironically, we continue teemploy Industrial Era educational system for education of the
Knowledge Era workforce. To compete in the knowledge economy, it is true that our students
need core skills like STEN! science, technology, engineering and niatbut to thrive, in
addition tothese, they alswequire other elements, including critical thinking, creativity,
leadership, global awareness, collaboration, an eagerness for lifelong learning, and the ability
to deal with constant change anaédskisnibshagtui t vy.
we need to teach kids how to think, not what to think.

We live in a rapidly changing world, and, accordingly, life in this world is increasingly
complex. Dynamism has become a characteristic phenomenon of our time. Not only is the
amoun of information increasing at a rapid pace, so are new technologies, and in tandem with
this, public viewpoints are ewehanging as online social networks proliferate. Today, the
ability to respond to abnormal situations is vital, to quickly and seawyiesserse oneself in
unfamiliar activities, to establish productive relationships with colleagues and partners, to work
in a team, to take risks, to try, to be ready when the opportunity arises.

But a successful life in these conditions requires vergwdifft competencies, a different kind
of education, and other technologies for assimilating the "new".

FOR A FAIR SELECTION
EVERYBODY HAS TO TAKE
THE SAME EXAM: PLEASE

CLIMB THAT TREE

Our Education System
“Everybody is a genius. But if you judge a fish by its

ability to climb a tree, it will [ive its whole [ife
believing that it is stupid.”

- Albert Einstein

Fig. 1 Standardized testing in nature.
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Personal Qualities Not Measured by Tests

CREATIVITY SELF-AWARNESS
CRITICAL THINKING SELF-DISCIPLINE
RESILIENCE EMPATHY
MOTIVATION LEADERSHIP
PERSISTENCE COMPASSION
CURIOSITY COURAGE
QUESTION ASKING SENSE OF BEAUTY
HUMOR SENSE OF WONDER
ENDURANCE RESOURCEFULNESS
RELIABILITY SPONTANEITY
ENTHUSIASM HUMILITY

CIVIC-MINDEDNESS

Adapted from Maria Montessori

Fig. 2. The things we dondét teach

2. THE PRESENT SITUATION

Every country on earth, at the moment, is reforming public education. There are two reasons
for it.

The first of them is economic. People are trying to work out, how we educate our children to
take their place in the economies of the 21st century. Homedio that? Even though we can't
anticipate what the economy will look like at the end of next week, as the recent turmoil has
demonstrated. How do you do that?

The second though is cultural. Every country on earth on earth is trying to figure out how we
educate our children so they have a sense of cultural identity, so that we can pass on the cultural
genes of our communities. While being part of the process globalization, how do you square
that circle?

The problem is they are trying to meet the futurelbing what they did in the past. And in the
process they are alienating millions of kids who don't see any purpose in going to school. When
we went to school we were kept there with the story, which is if you worked hard and did well
and got a college deee you'd have a job. Our kids don't believe that, and they are right not to,
by the way.

The way we address education for areas as different as medicine, physics, computer science,
law and art needs to also be very differ&tdme of these areas requstong theoretical
understanding, others require knowledge of a vast body of work, others require constant contact
with a fastchanging industry, and others require lots of practice and experfsoeividuals

grow and blossom in their own fields aocdimg to their own strengths, our approach to
education must support them in their particular development.

An analysis of today's global trends conducted by the International Laboratory of "Education
for a New Era" in 2000 revealed the key contradictiomsthe sphere of education.

Paradoxically, we continue to use Industrial Era educational system for Knowledge Era. They
relate, in particular, to the secondary education system, which by dint of its inertia and lack of
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effective mechanisms for change isiserious crisis. The crisis of the educational system, first
and foremost, of the grade schools, is especially acute in wealthiest countries, and is associated
with a rapid drop in student motivation when it comes to education.

In the U.S., Russia, arelsewhere, the educational system has changed significantly in recent
years. And yet, the influx of equipment provided to educational institutions, the use by teachers
of new technologies, the appearance of new mechanisms for measuring and managing
educaton quality has not really exerted a positive impact on the educational outcomes of
students in public secondary schools. We see this in the frustration of young adults unable to
forge a path in life, or even conceptualize one.

Unfortunately, we must condle that today's educational crisis, the essence of which can be
summarized as: "Life requires one thing, while the schools teach something else," has not yet
been adequately addressed. Life demands that we ourselves seek out what we need to know,
while theschools feed us information as a finished product, although it is obvious to everyone
that the transition from the introduction to the assimilation of a large volume of information to
an understanding of new types of activitiedesign, artistic, resedrcpromotes the formation

of such basic competencies of modern man, as "processing information” (the ability to work
with large sets of poorly organized and often unreliable information, analyze it, reformulate it,
apply the information to a variety of cqiex problems), "communicative" (the ability to
cooperate effectively with other people, be part of a team)-0sg#nization” (the ability to

set goals, plan, make full use of personal resources)edetfation” (the willingness to design

and implemetone's own educational trajectory throughout life, to acquire new competencies
that ensure success and competitiveness), “creative" (the ability to solve creative problems that
lack established algorithms in terms of a solution process).

We still educate children by batches; we put them through the system by age group. Why do
we do that? Why there is this assumption that the most important thing kids have in common
is how old they are. It's like the most important thing about them is tle of
manufactureYet, any teacher can list a plethora of differences, which have nothing to do with
age.

However, reality shows that although the school curriculum is designed to take age and the
students' psychological characteristics into accdbetfocus is still on the sealled average
student without any option for displays of personal interest, both as regards the content and the
process of organizing lessons. At the same time, beyond the teacher's ability to see them, there
is often a speciaroup of students, children who are gifted in different ways.

Thus, our analysis of the situation indicates that most educational institutions today fail us in
how they resolve individual problems, in how they socialize and instruct their students, such
that there is an absence of optimal mechanisms foosgdiization, both setiriven and
collective action by adolescents and also umess students.

This is happening against the backdrop of the friction caused by contradictions in education:

1 betweerchanges in the environment that lead to changes in the values and goals of
education and the existing system in which the school functions;

1 between the new problems set before the school, new requirements for
organizational and pedagogical conditions Hrastereotypes that have developed
about how to organize the educational process;

1 between the appearance of a new position in the education system (tutor) and the
unwillingness of teachers to change their professional and established positions to
new proessional competencies (supportive, moderator, facilitator, etc.);
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1 between the appearance of complex new educational technologies (open education
technologies, critical thinking technologies, TRIZ technologies, etc.) and teachers
who hold fast to traditicad methodologies and standard teaching practice;

1 between the new challenges faced by the family in raising their children, the new
roles parents play and the complete absence of preparation for today's parents by
the institution.

Then there is an issue wiotivation. Learning requires motivatidran individual matter. If a

group format of education is used, then how to resolve a contradiction between group and
individual education requirements. If an individual format of education is used, then where the
motivational resource may come from? (Teache
habit, and tutors are too expensive).

As a result, students are missing out on some great opportunities to develop various
intellectual abilities and acquire compatees outside the scope of the subject maiter
competencies that will equip them for the challenges they will face in today's world.

This is why it is vital that we teach children to perceive the world not through the eyes of an
outside observer, but astave participants in shaping their own destinies. Indeed, this is in line
with proposals for greater latitude in both the format and content of education. In this regard,
the introduction of original pedagogical technologies to develop creativestandrd
thinking in children rejuvenates the learning process, energizing the students and increasing
their desire to explore unchartered territory.

On top of this, scientific thought for some time now has recognized the need for substantial
changes in educatnal didactics and is prepared to introduce technologies for the development
of new didactics and its practical application in the family;gmeool, and grade school areas

of education.

The new curriculum is based on globathyown methods for generatingew ideas (from
brainstorming to the theory of inventive problem solving), adapted to the education system.

The methodological framework for the development of the new didactics includes methods for
generating new ideas, based primarily on TRIZ, whichbdeesn accepted around the world,

having proved its productive capacity in engineering, design, inventive and fragsct
education. These methods are adapted to the age and general education of the children, and are
complemented by interactive games,gical activities, and more.

3. WHATO6S NEXT

The three most important skills, companies are looking for when hiring new college graduates
are: knowledge of the subject matter, problem solving, and team work attitude. All three are
solely dependent on an indiual ability to think. And most importantly, to be a divergent
thinker. i Di creativggopemdnded thimkimgkaimedyat gergerating fresh views
and novel solution®'. However, one needs to be skilled at both, divergent and convergent
thinking modes, to be a skilled problewiver.

Divergent thinking isn't the same thing as creativity. We define creativity as the process of
having original ideas which have value. Divergent thinking isn't a synonym, but it's an essential
capacity for creativity. It's the ability to see latpossible answers to a question. Lots of

1 http://www.businessdictionary.com/definition/divergent -thinking.html#ixzz4ChZnkGRQ
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possible ways of interpreting a question. To think not just in linear or convergent ways. To see
multiple answers and not one.

These skills must be supported by:

1. An ability to see problemisis a prerequisite foproblem solving
2. An ability/skill to learni is a prerequisite for cognitive load management

Not all of the contradictions mentioned above can be addressed by our program; however,
given that modern education today serves as an important meansrediszdition for a person

who is aware of the purpose, meaning and value of their own existence in a global world built
on the principles of openness and the free exchange of intellectual and human resources, the
situation can change for the better, and coons can be created at the local level that facilitate

the development of creative thinking in the next generation.

To begin with, we need to switch from curriculum, teacher, centered to learner centered
education model.

Learner-centered Curriculum -centered
Child centered Teacher centered
Constructivist driven Standards driven
Progressive Traditional
Information age model Factory model
Criteriontbased Norm (bell curve) based
Depth Breadth
Thematic integration Single subjects
Process and product oriented Product oriented
Block scheduling Short time periods
Collaboration Isolated teaching and learning
Experiential knowledge Rote knowledge

Table 1.Educational models

The switch is a must considering an enormous increase in the number of choice we face on a
daily basisThese days it became a genuine open problem. Due to a huge vhdbbjces,

selectng a tradeor aplace of study, chamgg residenceandfinding a new joh even naking a
purchaséras become ampen problemAnd weneed to learn to liva this world of enormous

variety. And again we have a choitedo we continue to think linearly or develop dynamic
thinking skills.

There is anothdine distincton that makes all the differencéalperson is unable to cope with
piling up problemsthey are more and more difficult to deal wilhis common knowledge that
you sow a temper and reaglestinylf you wantchildren to be happy and probldnee,tead
them properly in accordance with thactual needs and the new realitiedifef. Incidentally,

in this case childredisplay no such reluctance to study as they usually@oatdinaryschool

The big question isdw toproperly orieneducation? Herare someffective remedies defined
as principl es i nPringiplesofdeaghingGechnalogysThebeopdnkiples
build a bridgebetweerthe pesent andhe future. Theyre already put into practice today's
bestschoolsandwill be just asrelevantin future,thoughappliedtechnicallyin a different way
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Basic Principles of Teaching Technology:

FREEDOM OF CHOICE

Definition

In anyaction oftraining ormanagement, wherever possible grant the student thetaight
chooseProvided thathe choice is always balanced by tmmsciougesponsibility!

This can be donwithin the framework of the presemducation system. Here are just some
examples of freechoice of f er ed by wor Ivatiestudentsaeasdortmerd u ¢ at
of tasls, and they themselvedecide what problems to solve. Offers the studemishoose
themselves what difficult words the teacher should write on the blackb@aseisthe students

only the topic andthe students themselves determine which object to makedrof what

material.

OPENNESS

Definition

In the process of teachingeopen problemswhile sharing th&knowledgeto showthe
| at toefings sonfrontstudens with problemssolutiors towhich go beyond the scope of
the studied course.

Studentshave a very vague idea of the scope of their information awardaesdonethe
boundaries o§cientificknowledge No wonder, they display neuriosity, without which any
teaching comes down to upbringing of obedient doers.

At schoolstudents learn teolve closed problem@$rom point A to point B...)while life puts
forward openoned h e st ud e nt acéordinglyfaleouredutationahaffqrts vanish
in the gaping chasm between them.

ACTIVITY

Definition

Organizedevelopment of the studebknowledge, skillsabilities and purportmainly in
the form of activity.

While knowledgdests come down glib answes, resembling a tapecorder playbackvhile
learning and réewingare carried out in the modemimorizing 90 per cent ofchoolefforts
are futile and bear no fruit

To makeknowledge a tool rather thantrashcann the backyard ofhe mind studend must
work with it. By this we mean that students should assess, appitwert, extend and
complementt, as well asfind its new connections and relationships, gee different models
and contexts.

FEEDBACK

Definition
” Regularly monitor the learning process throaghadvanced systeanf feedback methods.
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The more developetkchrological economic, sociaand educationakystens are the more
feedback mechanisnbey contain The pilot irflight monitorsthe outside temperatyrthe
amountof fuel left in the tanksand otheinstrumentreadings all the timeThis is a must for a
safe flight The same approach is true fosuecessful lessqrioo. During a lesson theeacher
constantlymonitors the mood of the students, their interest, the level of understarding
other factors

IDEALITY

Definition
Improveeducationefficiency andmake it costeffective by taking full advantage of the
opportunities, knowlége and interests of students.

Activity andself-organization of studeniacreases the ideality and effectiveness of teaching
and monitoring efforts of the teachérwe manageo adaptthe contenof studiesand forms

of trainingto thedevelopment and academic needs of the cthestudentswill crave for the
knowledge themselvel.we manage t@agreeon the pace rhythm and complexity of learning
with the abilitiesof studentsthey will feel succedal and wantto further sustaint. This
principle implies active involvement of studentsnmanagement of the team they belong to
and, accordingly, in teaching each othHne teacher does not get tingtile theefficiencyof
theteaching effort goes beyond the limit. Certain quite udetathing technigudsave been
rejected in view of their low ideality: they reque#her too much effoxin behalf of the teacher
or too rare qualitiesf character.

Principles oteachimg technologyaredeclarabry per selt is the methodand technologiethat
make them practicaBut even the best teaching technignakesonly half thework. The
second halis the content of education. Whestactly shall waeach?

What Shall We Teach?

Education is based on the transfer of knowledgkich often becomes outdatetefore
becoming part of educational progrartiss impossible® keep up witlthe science

We are facin@ paradox: we must teach children to livéheworld of future wihchis a closed
book for ouselves. This paradoxppeared relativelyrecently when technological and
scientific paradigmsstartedto change within one generatioRor example, technological
paradigns of radio-designchanged four times in one generativacuum tubd transistori
micro-circuitry 7 large-scaleintegratons.

Strictly specialized education does not meet the challenges of life any.lArdgnain expert
is hard to retrain and knows little if anything relatedbranches of knowledge offition of
modern problems requiressgstens approach, the ability to see lotgrm consequenceA.
successfully solvedroblemcreatesiew opportunitiesA bady solved one bringgouble.This
is true not only fomcademi@andother professional activitiebut for everyday lifeas well

At the present neither higher nor secondary education mmedbis requirement. Large
commercial companies are increasingly tryingith varied succesisto solve the problenm-
house In an attempt to counterarrow specialiationthe US Bell System has established The
Humanitrian Institutgfor promisingmanagers

After many years of educatings ub j ect s d s dardpmexpgect that systEm

thinking will come into existence all by itself. Here is how an eminersisRn educator K.
Ushinsky figuratively described the results
and even ideas are arranged in his mind in dead strings, resembling rows of swallows
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benumbed by the cold. Despite being very close, the amslre yet unaware of each other's
existence; and similarly the two closely related ideas can exist in such a truly murky mind for
decades, failing to take notice of each othe

A renowned physicist Leo Szilaghve a very elegant illustration of the unknown. It is the
space outside a ball, which symbolizes all the knowledge ohémkind The greatethe ball

is the greater becomése borderarea with the unknown. And easpotof this aredas nothing
other trana newopen problem.

There is nothing that prevents saturatsahool education with open problenmRegular
confrontationswith exploratory anatreativeproblems of unknown solutions are as critical for
the development of mind astaminsfor a growingbody. There are such problems in every
subjectand interdisciplinary areaAnd it is these problems that shape and deveteptive
intuition. After all,apart from being a natwggven talent, intuition is a specifically organized
and embeddenh the sulsonsciousreative experience of solvinmusual problems.

Methods of @velopng imagination and inventive thinking have alreactymeto education.
Here aresomefacts.The Young EgineersClubin Britain runs regular nationabmpetitions,
publishes itsown magazine The U.S. Patent and Trademark Offigetiated a special
partnershipPROJECT XL, designed to support the development of inventive thinking
curriculum for all student populations. The Ph@s also developetthe Inventive Thinking
Resource Diretory for teachers.

Al bert Einstein noted that Ai magination i s
embraces the worldo. To this we would |ike t
is, how to imagine, is even more important. Thedrii@f Inventive Problem Solving develops

and puts into practice higbrder thinking skills. Although this theory has already gained
ground the world over, the most interesting experimental platforms for its application in
education are found in Russia. €furse, these are only tiny sparks in the awakening volcano

of new education but they are quite capable of sparking a flame.

However, inventive thinking development alone is not enough for success. To reach the desired
goal, it is necessary to acquieaching skills for creative work organization. This includes
scheduling and time recording, ability to work with databases, creation of scientific
development evaluation criteria and, of course, discipline. But discipline should be conscious
and creativas well, different from the primitive implementation practice. And all this is quite
feasible.

4. CONCLUSIONS

The ideal didacticsneans no didactics at all. A student strives for knowledge so vigorously
that nothing can stop them. Without electricity theyuld read by candlelight.

The ideal managemenineans absence of management while its functions are performed.
Everyone knows what to do and does what he should because he wants it himself.

The future of the school is determined by neither the headnotdyy education minister nor
even by teacher. Each education process participant makes his own decision whether to keep
pace with the future or turn back on it.
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Abstract

The present article represents a case of the development and application of a technical and economic
model for supporting usage of TRIZ tools in business. We adopted the DuPont formula as a source one.
During our work, we modified it using the TRIZ concepf ideality and flow analysis. The results of

this approach are shown herein based on a specific business case as well as on the example of famous
businesses. The conclusion contemplates the issues that require further studies in order to ensure that
our methods can be successfully used afterwards.

Keywords: TRIZ, business development, economical factors, efficiency, product ideality, organizational
ideality, DuPont model, RQA

1. Introduction. Problem description

The idea of this article was conceivedthe course of a practical corporate development
business project. Our customer, a major warehouse logistics company, took an interest in TRIZ
and offered us a carte blanche, i.e. the opportunity to get any information and use any TRIZ
methods we needdd improve the efficiency of their company. Us, a TRIZ team, were very
inspired with the prospects thereof at first, however it turned out after some time that it was too
early to celebrate. The customer's business system did not actually have anyaltechnic
problems. Their equipment was new, everything was working fine and the staff was well
trained. They did not have any marketing problems, either. The marketing team was well
acquainted with the market, good at promotions, discounts and bonuses. Astoneecyut

it, the main thing they needed were the economic performance indicators, like profitability and
returns on investments. Moreover, the customer only wanted to assess anything we suggested
in terms of these values. They were not interested invatiam or inventive level. It meant
essentially that the interaction between the customer and the TRIZ team required an
“interpreter” for a new "language" that could be used to "translate” the customer's economic
goal s i nt-loandiwea gieTdR latérthe soluteohs@amdreugyestions developed by
TRIZ into the economic results and indicators known to the customer.

Basically, we managed to solve this local issue. However, in the process of searching for a
solution, we might have encountered some probland results that are valuable both for the
development of TRIZ practice in business and for the clarification of some theoretic
stipulations. This article is concerned with setting forth these results and problems, as well as
describing the workflow.
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2. DuPont model and the TRIZ concept of ideality. Product and
organization ideality.

In the process of working on our basic problem, we contemplated several economic models of
the soecalled managerial accounting, in the search for one that could seawme'iaserpreter”

from the language of economy into the TRIZ language, and back. After several iterations, we
chose the ADuPont model 0, devel oped by the
why we chose it as the basic model: (a) the model cosedirthe main business drivers (profit,

sales, expenses, assets); (b) the model brings them all together, allowing their overall efficiency
and profitability to be seen; (c) the basic indicator of return on assets (ROA) can be used to
calculate the returan equities (ROE) and the return on investments (ROI).

Let us briefly recollect the basic logic of the DuPont model. The main formula that economists
use to assess business efficiency is as follows:

ROA = Profit / Assets (1)

whereROAi s Areturn on assetso;

fiProftd i s the profit from transactions duri
he sum of assets that ensur ed

flAsset6 means t

The ROA value can serve as an indicator of business efficiency. If the returns oeasssts

the average market/industry value, then the business is efficient; if not, it is not. The problem
with using the ROA "as is" consists in the fact that it is unclear which parameters should be
handled to increase it and how it is done (e.g., ivident that a parameter like Profit cannot

be controlled directly).

To transform a financial formula into a business development toolkit, t was changed in DuPont
as follows (dividing and multiplying the source version by the Sales figure):

ROA = Profit/Assets = (Profit/Sales) * (Sales/ Assets) (2)

wh e Saedii ref ers to company sales vol ume.

This interpretation of ROA is more instrumental than (1) and contains more "manageable”
factors. This evidently implies that, in order to increase businesseaffic one should
increase sales profitability and asset turnover. This was actually the economic and managerial
innovation of DuPont; it is to be recalled that the system was developed and implemented
almost 100 years ago. Today, the approaches to gewelt originating from this logic are
evident and widely known. In particular, they were also known to our customer. To make a
forward move and start using TRIZ tools, the team had to do something in addition, since the
(2) formula, although instrumentaijll had nothing to do with TRIZ.

We finally managed to achieve essential progress through using the concept of "ideality”, one
of the key ones within TRIZ. First, "ideality" is one of the most potent tools for qualitative
development, efficiency and comftive ability boosts. Second, in terms of warehousing
logistics, we reached the ideality indicator in a simple and evident way, since the technological
operations in warehousing are quite simple, consisting either in transportation or in manual
operation(inspection, selection, #)gacking), or in plain "storage".
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The following rearranging logic was used: In general terms, the TRIZ ideality formula is the
correlation between the useful functions and the "requital factors”, the "expenses" that should
be bane to get the required consumer properties.

l=xF/xC (3)
wherefil 06 stands for "ideality";
ix Fo, for the useful functions of the pr ot
ixCo, for the sum of "requital factors",

Like this, the (3) formula is an analogue of the Sales/Cost economic indicator, since in both
cases it is essentially about the correlation between useful functions (of products or services
the consumer pays the supplier for) and the expenses for gatmg$pecific types of actions

and transactions needed to obtain the monetary equivalent of the useful functions).

Thus, the first hypothesis consisted in the equivalence of the following formulae:

=x F /x C~ Sales/Cogt (4).

The second padf the (4) formula can be obtained through a series of simple rearrangements
of the DuPont formula:

Profit/ Sales = (SalasCost)/Sales = 1 1/ (Sales/Cost) (5)

and, if we set Sales/Cost as "product ideality'lppthen the (5) formula and tHiest part of
the DuPont model shall look like

Profit/Sales = 1 1/ I, (6)

where the general logic of the DuPont formula and the ideality increase logic are maintained:
this multiplier grows along witlh,, meaning that increasingehdeality of the product results

in sales profitability growth. Thereby, we have eventually obtained the first desired correlation
between the TIPS tools and economic models assessing development.

However, it turned out much harder to interpret the stcmmponent of the DuPont formula
(Sales/Assets), also known as "assets turnover". In this formula, Assets stand for the monetary
value of the entire company's property (balance sheet). Even if we abstract from the monetary
value, Assets in physical ternge buildings, constructions, equipment, reserves of raw
materials, intangible assets, monetary funds. We had to perform additional research, both in
economy and terminology /3/, to formulate the following hypothesis. In economics, differently
from accouning, assets are mainly contemplated as "resource"”, therefore the Sales/Assets
multiplier in the DuPont formula characterizes the "integral efficiency" of a business system

as a whole, tavi t |, how many wusef ul Afunctiontkel i tyo
available resources (Assets) within a given period. We believe (as a second hypothesis) that
this value can also be understood as "ideality”, but not with regard to the product but to the
entire system during a gi vzeant ipoenraillagi In¢(eman d twed
case, assets are the resources that were available to the company; they are essentially similar
to x C in the (4) ideality formula. This value shows which resources or assets the company used

2 For exact correlation, it should be noted that the ideality formula (3) is abstractly measured as

"functions” and "requital factors"”, while the Sales/Cost proportiondasonetary expression.
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to manufacture all the requaeroduct volume (suggesting that Salegs H. Similar to the

case of product ideality, we can notice that the increase in organization ideaditglso
increases the ROA value, in line with our goal of linking together TRIZ tools and economic
businessndicators.

As a result of our rearrangements, the DuPont formula now looks as follows:
ROA = (11 1/1p) * lorg (6)

where } is product ideality
lorg is Organization ideality.

3. Flow models in use: hypothesemnd cases

The next important step in the rearrangement of the DuPont meadefaken after applying

the (6 result to setting and solving tasks related to the customer's business development. There
was however a difficult moment caused by the followirgdoubt that economic parameters

like Sales or Cost have a "flow" nature because they are a "conventional” unity of a certain
complex of isolated objects and operations (performed by both staff and machines). Evidently,
there is no "physical" linkage betese "yesterday's" and "tomorrow's" products stored at the
warehouse (things come and things go; different products belong to different owners). Neither
is there a direct correlation between the operations that the staff members perform (one thing
today andanother thing tomorrow). The concept of "flow" as a way of representing different
things in a unified way is a chance to interpret these heterogeneous elements as something
united, a "conventional system". This is why we can see Sales and Cost figuess tieela

time period. The Assets value is a different matter. From the accounting point of view, it stands
for the "average value" of the assets during a given period; in standard resources logic, it means
their average amount. Assets are traditionallgrmteted in a static manner, usually represented

as a "oneoff picture" of the very same warehouse, shelves, loaders every day. We did not find
a way to imagine this resource within the same logic of "flow" as we did with the other
components of the DuPofdrmula.

However, we managed to solve this issue using the TRIZ toolset called "flow analysis" /4/. We
used it to ranterpret the Assets of the warehousing facility in question as one of the elements,
to-wit, the "channel”. Metaphorically, Assets (resotie ) can be i magined as
which the flow is moving. The riverbed serves to organize, confine, and direct the flow, thereby
forming its significant features.

Another important step we took was turning the representation of assets framindtati
dynamic: we found out that the resource is not theafh@nstant) capacity (amount) of assets

but their aggregate amount during the analysis period (same as the one used to determine Sales
and Cost in the DuPont formula). Here is an examplemlaqy this on a warehouse example:

the everyday "capacity" of the warehouse (number of storage cells) multiplied by the number
of days within the analysis period makes the actual "resource". Il.e., the resource is not 3,000
physical cells within the warebse but 3,000 * 30 = 90,000 cell*days. This is the maximum
capacity, the full resource that is not to be exceeded to prevent the system from being "flooded"
if the flow overruns its bed. Again, we can metaphorically say that in this "flow" interpretation,
the resource (Asset) moves in time, while the flow of goods and transactions moves both in
time (along with assets/resource) and in space (through various points of the resource/asset,
e.g. from acceptance to storage and then to dispatching area).
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Based o the aforesaid hypothesis, we have formulated two main ways of increasing the
"organization ideality"|org:

Var2 = (x Fy)/ (Assets = const), (7

increasing the deployed functions (Sales) on the same assets amount as before.
Varl = (x F = const) (Assets?), (8)
decreasing the use of assets to perform the same functions (sale volume).

In TRIZ, the (7) procedure corresponds to the "bottleneck analysis" tool, intended to discover
the bottlenecks preventing the flow from moving unobstrudtiede is an example of this kind

of bottlenecks at the customer's warehouse. The storekeeper had to choose a certain storage
unit on a specific shelf (within the warehousing area intended for bulk products so that the
storekeeper had to find and take tfreEzessary objects from among the other ones in the cell).
First, this was very timeonsuming; second, in order for the stockman to find the necessary
object quickly, one had to place less objects on a specific shelf. The standard way of solving
this issues getting more storage shelves and engaging more staff members in selecting and
batching, resulting in the growth of tBales ~ F useful function but also in the growth of the
involved Assets; this, in the long run, does not give any qualitative growth of the lorg value.
The TRIZ team suggested the following nonstandard solutions for this bottleneck:

(a) make the shelves inclineal increase the effective surface for storage (a shelf inclined by
30 degrees ensures a 15% longer effective surface, a resource that is virtually "free”, meaning
that the required assets and expenses required to do this are really insignificant wheadcompar
to its subsequent benefits)n this case, we used a resoubased approach, "making shelves
bigger".

(b) provide the shelf (storage shelf) with a camera that takes a picture every time that an object
is put on or taken from the shelf and then sehtisthe Warehouse Management Information
System. Then, a staff member who needs to take something from a shelf can see a picture
showing the place where the object is located (e.g. on a tablet PC screen) and pick it up right
away. The barcode system cdsoabe relied upon. This solution results in an increase of the
assets (complicating the WMIS), but these expenses are manyfold compensated by the benefits,
since it gives the opportunity to store products in a cell (on a shelf) in several layers, which,
when a standard method is used, is equivalent to the multiplication of the cells number. In this
case, the "copying" method and the "sadairching system" resourbased approach have been

used.

3 To prevent things from rolling down to the lower part of the shelf, its surface should be made

corrugated or covered with neslip coating.
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The (8) proceduresj in TRIZ terms, equivalent to the "trimming" operation of cutting off
unnecessary and redundant functions/assets that are not used in current operations. The TRIZ
team was not asked to handle this type of problems by this customer, however we would like
to illustrate the validity of the approach by picture (Fig. 1).

This is a list of major companies from the Sales point of view that however do not have a list
of assets that is common for this kind of businesses. In terms of "organizational idgaity"

they have a much higher Sales/Assets ratio than their competitors because they have found a
way to handle the flow without any rigid boundaries, through arranging the "channel” in a
different manner (in terms of TRIZ flow analysis). We believe thak#éy element here is the
"copying" method, where each "real" object exists basically as its copy within an IT system
and only appears "physically" while there is a paying demand (a specific Uber taxi car).

4. Summary. Conclusions and investigation prosms

As already stated before, our theoretic survey was performed along withliferbakiness

project and was subject to respective timeframes and resource limitations. The TRIZ team
managed to do what was required: find, formulate and solve techrotdéms using the TRIZ
approaches, ensuring that the initial and end points of the project (targets and results,
respectively) be displayed in economic indicators. However, we realize that this result alone
does not yet give enough reasons to generatidecmculate our approach and method (e.g. to

use TRIZ systematically to handle business cases). Apart from more case studies, we should
also perform a deeper survey of theoretic stipulations and hypotheses brought forth during our
work.

These are some tie problems that require further studies:

A) Clarification of the concept of "function" used in TIPS. We encounter two different
interpretations using the same term of function as "an action changing an object's properties”
(in costandvalue analysisand "usability / consumer property" (in ideality formula);

B) Clarification of the concept of "values" as used in Main Parameter Values analysis for
example, in connection with and in relation to the concept of "function”;

C) Describing the difference o$pecific" and "conventional” technical systems. The first ones
are usually understood as "natural objects" (e.g. machine, production line), while the second
ones are the result of certain "conventional" systematization or linkage (“flow", "sales",
"busines”). Due to this, the procedures of system analysis are different for these systems. In
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the first case, component and structural analysis come first, followed by flow analysis and
more. In the second case, it is the flow that "constitutes” the systemfotieeit should be
studied prior to the detection of other components and linkages; moreover, such components
and linkages eventually depend on the choice of the flow;

D) Allowance for the special aspects of using physical and monetary measuremests in th
DuPont model,

E) More detailed elaboration of the DuPont model, particularly with regard to different types
of sales, costs, and assets;

F) Simulation of the company's performance at different stages of its lifecycle, with regard to
different ways of inceasing product and organization ideality;

We are determined to continue our studies in this field.
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Abstract

In the twentieth century, fundamental changes virreduced in two of the most prevalent areas of
human intellectual activities: management and capability to invent.

One change common to both was the transition from an empirical, intuitive activity based on inspiration
to a systematic, scientific appréaSuch an ordered approach to management was developed by Peter
Drucker, while Genrich Altshuller proposed a methodology to solve complex technical problems and
create new inventions. The main objective of this paper is to identify and describe thetisisndad
differences associated with the two theories as proposed by their founders.

Today, such research remains vitally important for the following reasons:
- Managers are showing a growing interest in systematic ways of developing creative solutions, a

- TRIZ researchers and developers are actively working to adapt proven TRIZ tools in order to solve
various business problems, including managerial ones.

In order to perform a comparative analysis of the theories established by G. Altshuller and R, Drucke
the following list of criteria has been created: the main object of the research, the methods of analysing
and processing initial information, the format of methodological recommendations, approaches to
proliferating the knowledge obtained, and theeargsers of the methodology.

The main results of the comparative analysis are discussed in this paper in order to aid the further
development and adaptation of TRIZ tools for problems specific to management. The paper also
summarizes recommendations candey problem formulation, the process of problem solving,
resource identification, and implementation of the solutions developed.

Keywords: TRIZ & managememstystematic approach to innovate

1. Essential Attributes of Innovation: Creativity and Managemert

Before there can be a discussion about 1its e
yet again. There are thousands of versions of this definition available we t ype @i nn
definitionodo in Googl e, i t.Extenslvdresbarchanthistficout 3
has been presented recently by Nick Skillico

innovation experts and asked them three questions:
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1. What is your definition of #Ainnovationo?
2. What mistake do companieien make when they talk about innovation?

3. What simple thing can a company do to change their conversation / perspective about
innovation?

The answers obtained by Skillicorn greatly s
insiders here whaeach and author books on innovation methodologies, case studies and
thought | eadership, there was.NextHeamnplgzedther i et vy
responses in order to find the most common themes and come up with the ultimate definition

of innovation.

Some of the definitions and general thoughts proposed by the experts as well as the ultimate
definition proposed by Nick Skillicorn [1] are presented below:

AThe application of ideas that agratenovelandl and
useful i deas, I's the seed of i1 nnovation but
David Burkus

AANn innovation is a feasible relevant offeri
with a viable business modelhat i s perceived as new and i s
Wulfen

AThere can be no 1 nnovat iMovwe fromiided genetatiom to mme r ¢
product commercializationo. Mike Shipul ski

ACreativity is thinkinghefimpmemenbhagtmew. offn
Paul Sloane

The ultimate definition of innovation developed by Skillicorn based on a thorough analysis of
what the fifteen experts said [1] is: innovation is executing an idea which addresses a specific
challenge andchieves value for both the company and customer.

Ski | | analysis [A]@an be depictggaphicallyas shownn Fig. 1 below.

The authors believe this definition is both practical and instrumental. In fact, this final
definition, as well as some fronth@r experts, contains two fundamental terms:

-fexecutionod which is associated with manage
-fi dead which is associated with creativity
things.

It is also important to note that some innovatigpexts mentiorthe need to emplagystematic
methodsto createsuccessfuinnovationsAi A si mpl e t hing companies
conversation about innovation is to train it. Set up formal courses teaching systematic methods
of innovation like SIT and’RIZ. Teach people about idea management, idea selection, and
pipeline development. In other words, see innovation as a competency like leadership or
ethicso. [IPrew Boyd

Peter Drucker is known as the founder of modern management whose principles are
implemented in all types of organizations whether commercial, social, or governmental.
Genrich Altshuller created TRIZ, a methodology which allows people to invent and develop
new i deas. Both Druckerds managementabduundame
the same timé the middle of twentieth centuriy and are still being developed by their
followers.Both of these theories marked a transition from an empirical, intuitive activity based

on inspiration to a systematic, scientific approach.
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Now, in an era of innovation§R1 Z and management can signifi
ability to innovate.

Giis van Weifen

perceived as new andis

product, service, process or
experience with a viable
adopted by customers

business model that is

Aninnovation is a feasible
relevant offering such as a

(

X

|"’-—. E Ei an idg H L"\--...

There can be no innovation which addresses a Creativity is thinking of
without commercialization. specific challenge something new. Innovation
Move from idea generation to and achieves value is the implementation of
product commerdialization for both the company something new
Mike Shipuiski and customer Paul Sloane
. Nick Skilicorn .-

ki iy

applied and scaled it's still just

an idea

The application of ideas that
are noveland useful, Creativity
the ability to generate novel
is the seed of
innovation but unless it's
Davic! Burkus

and useful ideas,

Fig. 1.The ultimate definition of innovation based thie opiniors of innovation experts

Below, the authors have summarized the similarities andrdiftes associated with the two
theories, as proposed by their founders. Based on this summary, recommendations for the
further development and adaptation of TRIZ tools for problems specific to management can be
formulated. In addition, the authors wilkduss how to improve the process of formulating and
solving problems, identifying resources, and implementing the solutions developed.
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2. Comparative Analysis of the theories established by @Gltshuller and
P. Drucker

In Table 1 belowTRIZ and managemettieorieshave been copared using the set of criteria
proposed by the authors.

Tablel

Comparison of theories established byAGshuller and PDruckeras proposed by their founders

Criterion G. Altshuller P. Drucker
Objectives - Controllable evolution - Support for decision makers
- Every problem should have its - Long term programs of
solution development
Area of Creative imagination foanyone, Generallypeople oriented
applications anywhere,anytime

Information basis

- Patent collection
- Case studies from seminars

Systemati zatio
experience

Features of
theories

- Resolving contradictions, instead o
compromising

- Adapting ideas from other eas
(including scientific effects)

- Trends of evolutiongmpirical
forecasting

Socrates styldil cannot teach
anybody anything. | can only
make them think o

Typical format of
toolsdeveloped

- Multistep algorithmse.g.ARIZ
- Detailed recommendation®.g.
Standard Solutions, pointer to effect:

Questionnaires specific to area
of companyds i

Main approach to
solving problems

In-depthanalysis of initial problem
and understanding its fundamental
causes

Identification of outer
opportunitesAi Resul t s
obtained by exploiting
opportunites, not by solving
problemsd

Formats of theory
proliferation

Seminars and workshops for solving
actual problems and collecting
examples / case studies for further
seminars

Personahnd comprehensive
interviewswith leaders of large
corporations

First uisers

Engineers, researcherdevelopers of
ideas

Thought leaders of companies,
corporations

Extended area of
usage

Overall enhancement of creativity
The Theory of Creative Personality
Development

- Personal development
- Management of neprofit
organizations

Influence on Introduction of a new occupatioen Establisiment ofanewcategory
professional Professionalnventor of professionalsKnowledge
community Workers

As can be seen from Tabl e 1dpdiffedintnahywhys:er 6 s an

different objectives, tooldirst users, etc.

Both theories, however, deal with solving problems, albeit in different ways:
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- TRIZ, as introduced by Genrich Altshuller, is about developing creative ideas (inventions) to
addresgechnical problems,

-Peter Druckerod6s theory focuses on identifyi

Current mainstream TRIZ development is largely focused on increasing the efficiency of the
analytical tools that al | olesolvedd®ats becauseaft i on
the paradigm shift: Awe dondét need to spend
we should focus our effort on identifying and solving problems that lead to innowdtion.

keeping with this updated paradigm, TRtAn also be adapted for problems specific to
management. Adapting TRIZ this way will give managers a way to control the process of
solving technical problems in their organizations.

3. Modern TRIZ and its adaptation for problems specific to management

As shownabove, creative idsaand management are two attributes of any innovafidRLZ
experts are able to generate numerous <creat
winning idea we can use to create an innovat

Another important note is &t currently about 80% of ideas/solutions come from information
searches. That is why so much attention has been focused on developing tools that make the
information search more efficient. To date, the Function Oriented Search (FOS) introduced by
Simon Livin [2] is one of the most efficient problesolving tools for identifying existing
technologies/ideas from areas of science and engineering remote from that of the planned
innovation.

Nowadays, vast amounts of data are available. An interesting appoodaka analysis has

been proposed recently byicKinsey [3: A Tr adi t i onal data anal ysi
information you have, advanced aFgaZ.yti cs on
N

Traditional empirical Advanced analytics

analysis

What data are What data must we

available? collect to get the

information we want?

What information What information

can we learn from do we need to get

these data? these insights?

What insights can What insights do

we generate with this we need to make

information? these decisions?

How do we use
these insights to
vJs | make decisions?

What are the critical
decisions?

Fig. 2. Comparison of approaches for information analysis

Accordng to this approachye must first identify an opportunity or make a decision. Then,
ideas or information should be collected to support this decision.
4. Conclusions

The main conclusion based tire comparisompresented in this paper as follows: there are
no critical differences betwedhetwo approacheghat isthei s ear ch f or opport |
thefi s e ar c h dreoquite sindilardhe brst approacleanidentify a general, potential
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direction, whilethe second approach morts the practicalimplementation ofa selected
direction. TRIZ is characterizda a set of proven methodisr solving technical problems that
appear withina direction/opportunity. In other words, TRIZ supports the parnhnovation
responsielwl ¢ dfie@ars 0fi n ma n a gezecutiondf ideass mor e about

Originally, TRIZ was created for engineers and focused on technical problems only. That is
why it has weldevel oped procedures and algorithms
approach was oriented elite managers and is based on questions that are formulated very
precisely and then discussed in detail.

Nowadays, for innovative activity be siccessful, the work of managers and engineers must
be allencompassing.herefore, @ombination othetwo approachesTRIZ and management

- leads to wirwin methodological developments that can be used at different levels in
organizations.

Having performed this comparative studye tauthors now believe the relevancef further
methodological developmenits adapting TRIZ for managemerithere are, bcourse a few
methodologtal developments in this ardsy other TRIZ practitioners (see, for example, [4],
[5]). The research presented here may be usestagiag poinfor thesystematic development
of a combined TRIZManagement approach which can accumulate and integnate
methodologiesmiow available
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Abstract

According to the analysis of the technology system evolution model of modern green transportation
bicycle, he paperfound the existing problems of the bicycle in current market: After riding,
inconvenient to place and carry the bicycle; poor user experience with strenuous arohgoming
features as well as the conflict between ideal final result and prodsictThispaperplanned to start

with the innovation principle of TRIZ theory, using cause and effect as well as system fsib@tion
analyse. For mechanism design, ffaperused mechangcsubstitution changd the operation and
another dimensh, and rdesignedhe folding mechanism; for product cost and ecological design, the
paperusedtheidealresultof resourcenalysis method, so as to better meet the requirements of practical
procedure. Applying multiple ways of 4frinciples of inventionit aimed at increasingproduct
diversity as well as achieving a better user experience, looking for various solutions, pagehe
ultimately confirmed the improvement réction through comparing the products' idealization and
feasibility assessment, so as tirgpreferred plan, that is, using the new design planetémorphic
mechanismwhich possesses the advantages like simpletate, strong property, light and portable,
two-wheeled parallel afterofding, easy to ride and carrigess space and so on. datisfied the
development direction for the bicycles to tend towards greeolution portability, light weight and
fashion.Moreover, thepaperalso proposed future intelligeapplicationand sadty indicator systenas

the application prospect of modebicyclewith practical promotional value

Keywords:TRIZ folding bicycle, ideal finatesult, innovation design

1. Introduction

Bicycle is one of the most popular means of transportdfipnit is flexible, portable, eco
friendly. Especially environmental pollution, energy pinch, traffic congestion is becoming
increasingly serioul2], which afford the advantages of bicycle inject new vitality into life. As
China's big population density, eéhshortage of land and road resource, hence bicycle is
indispensable now or in the future, and research on bicycle will also continuously innovate and
progresg3].

2. Technology systenevolution theory analysison the evolutionary process
of bicycle

The eight laws angatterrs of technology system evolution (as shown in TablgLpuide
innovation and development of products, basegattern3, pattern6, andpattern8 of the
technology system evolution, the evolutionary process of bicycle is anagZetlows:
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Table 1
Table 1. Eight Laws of Technology System Evolution BatternsTechnology System Evolution

The Laws of Technology | The Patterns of Technology System Evoluti

System Evolution

Law 1 Law of technology
system evolution 8urves

Patternl Technology follows a life cycle of
birth, growth, maturity, decline.

Law 2 Law of enhance

Pattern2

Increasing Ideality
idealization

Law 3 Law of subsystem
imbanlance evolution

Pattern3 Uneven development of subsyster
resulting in contradictions.

Law 4 Law of dynamic Patterrd Increasing dynamism and
evolution controllability
Law 5 Law of evolve to | Pattern5 Increasing complexity, followed by

super system simplicity through integration.

Law 6 Law of subsystem
harmony

Pattern6 Matching andmismatching of parts

Law 7 Law of evolve to
microcosm

Pattern7 Transition from macrosystems to
microsystems using energy fields to achieve
better performance or control.

Law 8 Law of evolution to
automation

Pattern8 Decreasing human involvement
with increasing automation.

Altshuller, Henry. 1994. The Art of Inventing (And Suddenly the Inventor Appeared).

According topattern3 andpattern6, theuneven developmenbf the bicycle system leads to
the emergence of conflicts, which hamiiatedthe imovative form of bicycl¢4]. There were

no pedals in the origal design of bicycle, by stepping on the ground and making friction,
cyclists drive thdront and the rear wooden wheetates, and drive the bicyckmove straight
with retraaction, among which theontradictory conflicts that the bicyclemove too slow. In
order to solve theonflict, the front wheels made bigger than the rear wheel, #melpedal is
installed on the front wheel, the speed is directly proportional tdithmeeter of the front wheel,
due to the uavendevelopment of the front and the rear wheel, the size difference is thus
intensified, resulting in the instability of the bicycle. To solve toisflict, designers began to
study the transmission system ofetlbicycle, equipped it with chain and sprocket, the
application of chain transmission system not only enhances the stabilityoodybke but also
increases its speed. However, the chain transmission system of théiclela is composed

of crank, spocket, chain, flywheel, rear axlbyt all the parts are equipped in a loose fitting,
the whole transmission systdmlargespace occupiedndexposed outside, which evean
cause the chain to take off and break. In order to further solve the problechain bicycle
appears, with the help of gear transmission, shaft and gear transmission sgsteparts are
closely integrated as a whole without loose situation appearing, the total transmisiien is
space occupiedrhe mechanical efficiency ofegr transmission is over 98%, the mechanical
efficiency of the chain transmission is only 95%, however;ctwin bicycle has not become
the mainstream of the niat. According to model 8lecreasing human involvement with
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increasing automatigraffords tke electric bicycle and electric folding bicycle success and
show more advantages, but for the consumer market, expensive cost and energy consumption
reveals its greater defectithe prospect of folding bicycle application is broad, and the folding
bicyclewill have larger development space.

Nowadays popular folding bicycle has the following design stBesimfolding Mode, A-
bike Mode, Internal foldingMode, Uniaxial SupportFolding Mode Different applicable
situationand thedemandof different consumerpromote different types of products; various
folding designs all have their features as well as disddyes However, they all have the
following disadvantages: folding methoddemplex time-consuming and laborious, folded
shape is irregular, twavheds arenot parallé inconvenient to carry, applibke occasions are
restricted, ridingcomfortis low andeasy to get tired with low security.

3. The system analysis oéxisting folding bicycle

The Several typical folding ways all have technicahtradictions in different aspects, some
main points are listed as follows, considering from the view of causal analysis:

(1) To fold the beam from the middle directly, then the whole body is represented as triangular
radigion type, the front wheel anithe rear wheel cannot fold parallel to each other, the space
cannot be used effectively. As tivbieek is not parallelandcannot roll on the ground, which
leave man to make it move forward, hence it is not convenient to carry, suchBeathe
folding Modewhich is widely used (Figure 1).

(2) To fold the parts of bicycle only occurs in the same plane, the front and the rear wheels
cannot be folded parallel to each other, and the folding way determines that the size of the
wheel diameter is limitedyecaus if the wheels are too big, the volume of whemdsnot
change significantly after they are folded, so riding stability and comfort cannot be guaranteed,
such aghelInternal Foldinglodeand Abike Mode (Figure 2).

(3) Some folding ways can afford theffit and rear wheel folded to a plane, but the shafts of
the front wheel and the rear wheel are special unilateral support, represented as cantilever beam
structure, the shearing force is relatively large, easy to wear and damage (Figure 3).

e - -7 o

o - Q.
Fig. 1. Beamfolding Mode Fig. 2. Internal foldingMode and Abike Mode

Fig. 3. Other modegStrida foldingMode)
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The folding methods of folding bike are generally to fold and overlap the wheels and the frame
as far as possible to certain space, ardctirrent existing folding methods are generally to
fold in a plane, such &eamfolding Method which can only fold all the stuff in plane YOZ,

the Internal Folding Method and thé&ront-partsfolding Method which can only fold all the

stuff in plane XOY All the above folding methaktannot use space effectively. Even though

the front and rear wheels candeerlappedogether, the front and rear axles are all cantilever
structure, the structure is not stable, and the service life is short, hence iad| fokthods have

their own shortcomings. Therefore, conclusion can be made that it is inconvenient for users to
carry folding bicycleand theuser experience is bad, the reasons are the limitations of key
mechanism design and thinking moddaifling statuschanging.

From the view of system function analysis, the essential function of folding bicycle is to
"downsize", to make it more portable. Therefore, the bicycle size should downsize and be more
portable on the premise of not reduce the riding satisfactio

4. Folding bicycle innovative design on TRIZ

4.1. Design folding bicycle system based on ZRinovativetheory

On the aspect of mechanism design, the technology part of the entire product is folding
mechanism. Therefore, théealresultis replacemenof parts or the entire systemrinciple

change and to redesign the key folding mechanism; on the aspects of production cost and the
ecological design, new design should not completely get rid of traditional desigegetthe

standard production mod@&d theconsumeracceptance, based on the ideal use of resources

(to ensure the consistency of tbbetercgmorcanr a l p a
be better met.

On the basis of ensuring the origicamponentss far as possible and TRizhovative theory,

to redesign the folding mechanism, following analysis, finally to find the most suitable,
enforceableinnovative ideagFigure 4) Based on thdest use of resourcéhe following
principles can be usegrinciple 12Equipotentiality thedesign level of product material and
general components is not upgraded or reduced, only the working principle of mechanism is
changed; principle7 Inexpensive, shotived object for expensive, durable griew-cost
objects replace expensive objectbédter adapt to the automatic productitmnglo improving

design based on national standpadts principle 16 Partial or overdone actigno solve the
problems better and quickdo reach good effect based on the best useigihal resource.

On the bais of changing principle of the ideaésult the following principles can be used
separately: principl&7 Moving to a new dimensigno changg@resenimovement mechanism

of the single dimension plane into motion mechanism with rdirttiension plag, toincrease

the activity as well as to ensure the stabilgginciple 35Transformation of the physical and
chemical states of an objeprinciple 36Phase transformatigrio change the motion mode of
folding bicycle, especially for the key motion parametend reliability; principle 33
Homogeneity to choose and design more suitable folding mechanism, other products of the
same, similar design can be referred to, so as to upgrade the mectamisiple 25Self-
service better consumer experience is offeafter riding in order to better meet the needs and
satisfaction of different people, moreover, the bicycle should be easily portable without
laboriously taking it after ridingprinciple 32Changing the colgrthe final product should be
represented aa variety of comfortable colors, to meet the requirements of people from
differentlevels, increase the diversity of products, so as to make it a perfect product which can
adapt to the modern markféf.
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Problem analysis

/N

\ \ .
Causal analysiq ‘ System function

\ 4

Contradictions of mechanism

Ideal Result

Principle chang% A | Resource us%

Replacement of parts or the
entire system

[ Y ] \ 4

32 Changing the coloqr 12 Equipotentiality‘
[
35 Transformation of the% 27 Inexpensive, sholived object

17 Move to a
new dimensio

physical and chemical stat for expensive, durable one
of an object

25 Selfservice

33 Homogeneity 36 Status chang#
[ |
Fig. 4. Using the method of TRIZ analysisgolve problenand innovation design

16 Partial or overdone action

4.2. Arrangement and evaluatiof technicad innovationdesign
(1) Design integrated by mechanism and electricity:

Electric folding method: there are two main folding points, the first is the flfafdeng,
introducing he folding principle of the pole of folding umbrella, the structure is novel and easy
to operateFrame blding process: first pull the pulling plug, pull out the internal plug, and then
fold it, then the frame can be folded. Figure 5 shows the effeloé dfame folding. Theecond

is the seapost foldng, introducing the connection method of the rotatingeadsleeve it is

easy and convenient to install and fold. The effect of the seat post folding is shownSegibw.
post folding process: rotating thiereadsleeve to make the upper and lower pole separated,
then seat post can be folded. After folding the electric folding bicycle, the overall effect is 1.2
meters long and 0.5 meters wide. But the battery volumeotdre too large in this folding

way, which leads to the decline in the endurance capability of electric folding bicycle; in
addition, after electric bicycle is folded, the circuit system will be necessarily impacted, hence
the circuit system demands maecuracy,and the production costs increase; the two rear
wheels are not easy to carry and deposit. The scheme has the disadvantages of complex
structure and high quality, if the upgrading and replacement of other suitable materials are
expensive, it is nosuitable for mass production.
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Fig. 5. Electric folding bicycle

(2) Design of complete mechanical structure

The method of metamorphic mechanism (Figure 6): many crafts, decorations, and flat box
formed by folding mechanism in life is flexible and dam efficientlyfolded, such asnagic

toy bouquet of metamorphic mechanism, and folding umbrella of flexible metamorphic
mechanism, automobile sunshade umbrella with the design features of combined folding of
metamorphic mechanism amdrrowing and broadémy characteristigsthe large satellite
antenna and solar panels in the field of aerospace are all typical fotddtemorphic
mechanism, the above typical examples are formed by using the metamorphic mechanical
principle, so as to better realize mechami®f folding and unfolding. As metamorphic
mechanism can be applied in many occasions at different working stages, and by a state to
another state, in order to present different types of mechanism and to achieve the functional
requirements, the topologicstructureof metamorphic mechanicahd mechanism of freedom
should be changed. Then in the folding scheme, this method can afford the bicycle folding
mechanism at work a configuration, and other configuration when it is folded inYhaate,

even in he X-Y plane, no freedom can be found, it is able to move in other planes such as the
Y-Z plane. These are the characteristics of the metamorphic mechanism, the traditional
mechanism cannot achieve automatic reconstruction and combination of this component
Moreover, the conversion feature of the configuration of metamorphic mechanism makes the
bike be able to convert from working state to folding stage without extra mechanism, additional
folder and fastening devices, thus simplifying the number of the anérh of the folding
bicycle, no need to worry about lositige function of traditional folding devicby repeaing

use, increasing the life span of the folding mechanism bicycle. The folding mechanism of
bicycle designed by metamorphic mechanism has aociaprequirements on the wheel size,

and if the wheel is too big, the mechanism cannot be folded, which cannot happen. The volume
of the folding mechanism can still be small. Similarly, using the traditional front and rear axle
support on both sides, wihicannot affect the riding stability and the service life of shaft. In
summary, the folding mechanism of the metamorphic principle scheme has more practical
value and development prospects.
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Fig. 6. Folding bicycle with metamorphic mechanig¢sel-made picture)

5. Conclusion

The evolutionary rule of technology system in TRIZ, the evolutionary pattern of technology
system, the close combination of innovative design principle and the design process of the
bicycle will all make the creative degsi of the bicycle easier to implement in the future. The
new design scheme of the metamorphic mechanism is adopted, which has the advantages of
simple structure, portability, light, the paralleled plane after folding, occupying small space,
which all meethe future bicycle tends to be more green, portable, light, fashionable. Combined
with the Internet information technology, the application of intelligence, and safety indicator
system, more innovative design with practical value can be made. Evolutibesrny of
technology system cannot only be able to predict the development of technology, but also to
present the predicting results, and realize the structure of products. As evolutionary pattern of
technology and the rules have the ability to transférickvafford any products innovation
guiding significance.
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LEARNING TRIZ AND USIT BY TACKLING
REAL-WORLD PROBLEMS - A CASE STUDY
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Abstract

The Theory of Inventive Problem Solving (TRIZ), although very powerful, has the reputation of being
difficult to learn and master. This factor alone may inhibit the granthspread of TRIZ, the powerful
systematic innovation methodology.

Some students of TRIZ have sought to ease the teaching and learning burden of TRIZ. Combining TRIZ
with Unified Systematic Inventive Thinking (USIT) asiatroductorycombinedcourse is bt oneway

to simplify the teachingf TRIZ thinking and principleslhis shouldeduce the learning effort required

by new students and encourage the uptake of TRIZ.

Four questions arise:
Qu e st i o nconbinediréninglikite the essence and povadr T RI Z? 0

Question 2: Does combined training raise the TF

A
Question 3: AWl | combined training increase the

Question 4: AWhich combined tr aiimign g nadp pursa ancgh TwR

In the paper, the author firstly relates and compares TRIZ practitioner course levels 1 to 3 to an
introductory systematic innovation course offering which combines TRIZ and USIT approaches. The
author then works through the four quess from his own learning journey and that of others. Useful
insights are generated from the case, and many of these could contribute to improving the spread and
uptake of Altschullerds ideas.

Keywords: Learning, Teaching, TRIZ, USIT, SIT, R&akld Problem Solving, TRIZ Derivative
Approach as Intermediary.

1. Introduction

In this introductory section, the reader is provided with a brief background to the systematic
innovation methodologies discussed, the circumstances leading to the paper, andttire str
and purpose of the paper.

1.1. Background

Genrich Altshuller developed the fundament al
and patentsn Russia[l]. He synthesised and organised his research findings to create the
original componentsf TRIZ. He was always keen to find a tool that would integrate or unify

the many components ®RIZ [2].
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Many of Altschull erés students | earned and u
Other users of TRIZ expanded it to incorporate addadiorventive or complimentary methods

such as Six Sigmg8] or to move beyond engineering to the arts, such as culanesy], to

business [5] [6], to organisational managemisstues ], and to specific industries, for

example to constructiofi/]. Athi rd group of TRI Z wusers shar
simplifying TRIZ, and Advanced Structured Inventive ThinkidgS(T) [8], USIT [9] and

other integrative approaches were initiated. A fourth group wished to teach and propagate TRIZ

[8] [9] [10] and many of these also had an interest in the integration of TRIZ knowledge and

its approach to invention.

1.2. How the Paper Came About

The authordés sale of his information techno
developing, presging and growing training, prompted him to learn TRIZ in order to teach and
propagate it. His fifteen years of experien

together with the redife contexts of training material, provokes student interest and
commitment to learning the content. The training duration is also subject to context. Pressures
on organisations place an economically attractive three day course length constraint on
introductory level training in many countries.

1.3. Paper Structure

In section 2 the origin of USIT from its TRIZ roots is briefly given. The International TRIZ
Federation (Matriz) teaches and curates TRIZ course levels and the knowledge and
competencies required per level. The knowledge and competencies for Matriz lev&[d.2]

are compared and contr ast eldSITiaihitg cdudseecontentt h or 6
presented in six modules [11]. Real world example problems in the combined course are
presented to students for their impact on learning in both TRIAJ&1@ approaches. One

such example is presented in this paper.

Il n section 3, four questions, chosen to geni
experiences and from the experiences of others who have been involved in combined TRIZ
USIT apprached8] [9].

The four questions are: Firstlji, D o eombined trainingdilute the essence and powef

TRI Z?0 Secondl vy, ADoes combined training rai
Thirdly, A Wi | | combined trmtiaan g riantceg eafseTRI
finally, AWhi ch combined training approach

TRI Z?0

The purpose of this paper is to generate learning and discussion from insights into the combined
TRIZ-USIT training approach. The heps that one or more of the insights will foster the
uptake rate of TRIZ training, and accelerate the spread of TRIZ practice and benefits
throughout the world.

2. Learning TRIZ versus Learning Combined TRIZ-USIT

2.1. TRIZ Spawns USIT Via SIT

After the fall of the Berlin wall in 1989 and end of the cold war, many students of TRIZ
emigrated across the world and formed companies and alliances, of which a good number
taught TRIZ to interested Western organisations and individuals.
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Ronnie Horowitz, aftelearning about TRIZ undertook a doctorate with the aim of integrating
and simplifying TRIZ [8]. These efforts led to the Advanced Structured Inventive Thinking
(ASIT) approach and training course.

When the Ford Motor Corporation was taught ASIT, Dr. Edk&us, repurposed the training

to meet the practical needs of the engineers and workers at the Corporation and USIT was born
[9]. USIT differs from TRIZ in that it does nogquire the use of software or databases, or
complex procedures and table legs. This is not the same as saying that such activities are
disallowed or unfruitful. The USIT process integrates many TRIZ principles and some direct
methods through a scientific and systematic approach which is careful to include mechanisms
for creativity Drawing problems and possible solutions as systems, using focus, abstraction,
reflection, and calling upon inventive principles and ideality thinking, fosters creativity. In
addition, root cause analysis, attribute spioe dependencies, functional amdllti-screen
thinking, and the 6closed worl ddéd and odéparti
analysis and creativity with thinking.

The USI'T practitioner i s encouraged to doc
conceptuat hsolghowinsdhe process. The USIT pr
sharp definition of the problem, directed through a sequence of inventive thinking tools, and

used to progressively document, incubate and integrate plausible conceptual solutions into
many inventive solutions of which one or two are particularly relevant to a current problem or
needed solution. Earlier plausible conceptual solutions either shape a solution, or may be used

as a source of later or related solutions.

USIT uses an eadp remember, threest ep process to produce r es.!
Definitiond, wheweal-definedp racibr eins sttoa tgeente ntto;, aSt e |
Anal ysisé where the problem is viewed in it:
which are not directly related to the probl er
Solutiond, where additional pl ausi bl e concerg

that were generated in the first two steps.

Sickafus emphasizes thattredugh the USIT approach has three main steps and each of these
has a handful of substeps, tentent of the steps and neither the order, nor the structure of
the steps, is of most interest. USIT practitioners are encouraged to go back to previous steps
and to iterate as often as needed to refine or progress ideas to achieve an innovative result.
Because this is done without reference to TRIZ tables or software programs, the users of USIT
are able to move rapidly through problem situations to plausibleeptunal solutions. Their
mental capacity and agility improves with experience and, because of fewer administrative
distractions, they can speedily reach the systematic and innovative solution of complex
problems.

2.2. Comparison of TRIZ and USIT thréuthe Combined Training Modules

Figure 1 and its accompanying explanations, compares and contrasts the TRIZ required
knowl edge and competencies with the content
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modules [11].Detailed mapping of the relationships between the TRIZ levels 1 to 3 [12] and
the combined course content of modules 1 to 6 was undertaken and is presented for reference.

In particular, 61 of 66 relationships are esithed between Matriz Practitioner levelarid 2
knowledge and competencies, and combined course modules 2 to 5 detailing the TRIZ
components overview, and the USIT problem definition and analysis phases respectively.

The links between TRIZ and the cbmed course content entities are categorised as:

0Si gni thereciaan edstp-s e e direct r eliadss easyssed, yet 6Equ
still direct ifTseome idbegrhee;o0fd Paonneadtdbi on, and
weako nshied ati o

The number of relationships ending at each Matriz level and each module number are shown
as larger numbers on the inside edge of each labelled level or module. Small circles or ovals,
associated with each TRIZ level, highlight content that iglpgelated to, or absent from the
combined training modules. Small circles or ovals on the combined training course side
indicate content that isot found in the TRIZ required knowledge or competencies of Figure

1. Small tickmarks throughout show contethat is of interest, whereas small open squares
indicate missing relationship to information which in Matriz levels 1 and 2 is important, but is
less of a concern for Matriz level 3 as this is generally considered to be too advanced for an
introductory ourse. Before attempting to answer and extract insights from the four questions
detailed in section 1, It wil lwolbrd dbos efrwlb| fea
6solvedd6é firstly wusing a TRI Z approach, and

2.2. The bgistics Problem Solved by TRIZ and then by USIT Approach

The logistics problem arrives. The owner of a logistics company recently experienced a third
truck overturning on a corner despite the driver keeping to the speed limit. He asks you to
prevent tle problem without slowing down the trucks. The trucks carry boxes of variable sizes
and weights.

Using TRI Z, the ideal finaliergsubtutsoufdebet
ideality, could resul t hiemalking ose of eheap brawitableb ut r
resources. Important resources are mowbpgct dimensions (height, width, length, and

speed), driver, load, gravity, side forces (centripetal forces, wind, static, and kinetic friction
between road and tyres).

Available system resources were identified and sketches and aeafetteanalysis were

compl et ed. The key technical contradiction
Speed and length (height) were referenced in the contradiction matrix. Recdetimen
inventi ve Ppda nicti pilesA®yYdmestedyilCoOdancrav&i ght o6
used in coming to a solution.

6Do it in reverse and asymmetryd brought to
gravity of the load when driver loatise boxes on the trucks and tie the load down to prevent
side force asymmetry of a s higfrtaivng yléo asdu gngaesss
solutions of using lighter loads. The load configuration solution was deemed the best.

USIT approaches he same problem in a three main st
Oproblem analysis,® and oOproblem solutiond.
provided than the summary description of the preceding TRIZ approach, as the TRIZ
practitione may be less familiar with USIT.
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Problem Definition (refer to Figure 2)

USIT Problem definition starts with the innovator drawing sketches and abstracting terms. Next
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Fig. 2. Clockwisé sketche®f problem, root causes, and qualitative change graph

Problem Analysis (refer to Figure 3)

Convergence oa solution begins with the drawing of a closed world diagram. Often the ideal

result is placed as the key ooaie at the top
problem positively,

effect

becomes O6stab
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Problem Soluticn: Object Pluralisation

Logistics Problem
Conceptual Solution Ideas
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The particles method (named in TRI Z &ésmart
problem and allows functions to be considered without the psychologicalaiotss of the
practitioner being limited by the existing system. Space and time characteristics of important
attributes are considered.

Problem Solution (Refer to Figure 4)

The creative processes of object pluralisation, attribute dimensionality (attributetispace
related changes), and function distribution within the system, sygéEm and micrgystem

are then used to generate solution ideas. Figure 4 depicts a s&thglse processes. Solution
combinations are then explored for function, sequence, space, time, structure, and spirit. Finally
solution generalisation explores other possible market uses for the solutions, or specific aspects
of the solutions against adnarchy of root causes. The plausible conceptual solutions from the
whole USIT process are then ranked and the best one or two ideas are selected for prototyping.

Notice that USIT does not concentrate directly on the 40 individual inventive principles,
on the contradiction matrix, yet its solution processes are able to create inventive solutions with
high ideality.

3. Insights from Four Key Questions

3.1 Does combined training dilute the essence and power TRIZ?

Combined training material in a three day course definitely reduces TRIZ teaching and learning
time from the Matriz level 1 material. However the combined course modules complement
much of Matriz practitioner level and level 2 material. The course théee shows the
essence and power of TRIZ over an increased content scope (two Matriz levels).

A good example of how TRIZ and USIT complement each other comes from a discussion of
the 40 inventive principles. Module two of the combined training coursestieaching of the

first five inventive principleswith worked practical examples. Students are then invited to
derive results for similar practical examples for principles 6 and 7. Furthermore the combined
course provides all 40 inventive principles dnelir subcategories with engineering, business

and IT or service industry examples. Finally, module 5 of the combined course teaches problem

solution by O6object pluralisationd or Omul ti
of the inventivepr i nci pl es as multiplication by zero
O0Merging6é; and by a fraction is O0Segmentatio
So itis with other components of TRIZ. Indeed the nature of the combined training presentation

isthat TRIZ is emphasisedasedenve and powerful. Comments |
to master, but this is well worth the e o]

f f
TRI Z and how they work at a high |l evel so
ensure that TRZ components are given significant attention during the course.

The combined course showcases the power and essence of TRIZ and therefore does not
necessarily dilute it. Matriz level 2 elements, such as the trends of system evolution, and more
advancedpobl em sol ving, and the combined course
using technical exampl es, motivates candidat

The combined course places TRIZ as a systematic innovation approach among other systematic
and ommonly used innovation approaches. It also provides the work context of systematic

183



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

innovation and provides specific growth steps for individuals and organisations who wish to
innovate.

In conclusion, teaching time and learning time for Matriz level liligedl. However the

benefits of USIT complementing TRIZ at Matriz levels 1 and 2 include: 1. Deepening an
understanding of TRIZ and alternative usage of FTBd&ed components; 2. Expanding TRIZ

beyond engineering problems; 3. Removing some of the sofamaréableook ups, and de
emphasising stield modelling and the 76 standards in the introductory course; and 4.
Providing innovation and individual and organisational contexts for TRIZ. These differences
suggest that the benefits of using the TRIZIT combined course as an intermediary to teach

TRIZ, may not only enhance the essence and power of TRIZ, but might also increase the
contextual perception of TRI Z and the engage

3.2 Does combined training raise th&lZ learning burden of candidates?

Combined learning and training of TRIZ and USIT does add to work volume and therefore
physical work burden of both teachers and candidates in the short term. However the combined
course provides a first view of TRIZ, USand systematic innovation in general, and in its
crossindustry, crossliscipline and individual and work contexts. This creates excitement and

a psychological recognition in candidates, that engagement and hard work will provide useful
skills. The couse channels this excitement by allowing time for groups to solve three
candidatesourced problems.

Candidates are also taught in various training styles to cater to for learning modes during the
combined course: 1. Individual reading of course slideshateks; 2. Trainer presentation, and
guestion and answer opportunities; 3. Individual evaluation assignments complepen

book dayto-day assignments and tests; 4. Groupwork discussions, contributions and results;
5. Individual presentations of grouprdribution tasks; 6. Critiquing individual presentations

of own and other group members against checklists; and 7. Self study of course materials.

In conclusion, the combined course increases the volume and intensity of candidate work and
engagement regwd. The leariby-doing, learAby-teaching (presenting), leaby-self and
learnby-group and trainer approach, provides multiple and different channels of learning.
Taken together, and given that learning channels are reinforcing, this therefore mala& the

seem like less, and class sessions seem faster. The increased range and utility of the content
provides significant motivation to candidates which eases their burden of learning.

3.3 Will combined training increase the growth and acceptance ratRI&?T

Darrel Mann has recognised four types of TRIZ candidate response to TRIZ training [13]. In
essence the four responses are: 1. Those who believe or act like TRIZ is not for them; 2. Those
who like a subset of TRIZ and adopt it into their own way @figthings; 3. Those who engage
pragmatically with TRIZ, learning what they need, when they need it; and 4. Those who are
passionate about TRIZ, and obsessively pursue singular knowledge goals, often to the
exclusion of a wider view.

The author has founitluseful to ask course candidates an introductory question which can be
used to shape the way they engage with the
can be followed by fiDo you have to baquteher e?o0
difficult for candidates to disguise an aversion to the course, and open and honest responses
are encouraged and then responded to by the author. Benefits of what they will learn and
objections are openly answered in the light of course conteniviidgarn. This sets the right

course tone and expectations, but it is not an infallible technique.

184



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

For those who do not respond positively to t
place them into small groups which generally include p@esttandidates. They must now work

together at close quarters with at least two other group members. Most surrender their
reluctance, and even start to enjoy the course. It is important for the trainer to monitor
individual and group dynamics and to remoWstacles to learning where these are detected.

Mann [13] has suggested that educators should rather let the candidates adapt TRIZ to
themselves than forcing them to adapt to TRIZ. | agree with this, but add that where they are
at variance with importanfRIZ principles, a discussion of the TRIZ standpoint encourages
debate and learning, while allowing space for the candidates to derive their own conclusions.

Finally it may be useful for candidates to b
or management interventions in their organi
candidates to think how they might i mprove w

of user response do not need much added trainer attention. The éspoinge, the obsessive
pursuit of narrow goals by candidates, is already somewhat subverted by the introductory
course, which encourages candidates to pursue a curious and experimental approach to
systematic innovation and of course to TRIZ and its compusne

In conclusion, catering for the different learning modes of candidates, overtly setting course
expectations, and remaining positive and op
candidates in their learning, are methods the author has ugeddceffect in increasing the

uptake of new skills.

3.4 Which combined training approach will foster the spread of learning and
using TRIZ?

Arguments for presenting an introductory TRIUSIT combined training course have been put
forward. Is mdvandee fiveadayt chuose aining time allocation, TRIZ to USIT is
presented in the ratio of 3.5 to 1.5 days respectively, and similar training styles and benefits
are expected as a result of pursuing the approaches in parallel. Some exercises wilvever,
be expected to exclusively reflect TRIZ and modern TRIZ, while others will concentrate
exclusively on USIT.

I n the authordés I CT previous training discip
by regular monthly or quarterly special irdst groups, skmonthly, or yearly conferences,

freely and widely available standards, and a detailed course content syllabus for each training
level, but with some latitude in course design. An additional factor of high influence has been

the gradual idustryawakening to the importance of the discipline for those working in
operational, management, leadership or consulting roles of specific jobs.

The attractiveness of jobs and strength of demand for jobs in innovation is an important factor
to be claified, monitored and encouraged. To this elnehts of innovationshould be strongly
supported and encouraged to share their own experiences of TRIZ and innovation at industry
events. At an organisational level, innovation should be overtly addressetigratted by

senior management and all personnel should be encouraged and supported in pursuing
innovation. Recruitment practices should select for innovation competencies in addition other
employee criteria.

185



Proceedings of the MATRIZ TRIZ _ fest 2016 International Conference. July 28 -30, 2016, Beijing, China

4. Conclusions

Combibed TRIZUSIT training does dilute the time that learners spend on learning TRIZ during
courses, but if a combined course expands thinking about innovation practices and adds material which
both motivates and encourages candidates, the essence and power of TRiZitsaldiluted.

The actual volme of training contenis increased in a TRIJSIT combinedcourse. However the
wider combined TRIZAJSIT content scope, varietlaining channelsand numerous channelesf

learning,can changeandidateperceptions abouhe effat required, accelerate learnirend actually
ease the candi dalbeeadse of muinsidmotivatorf | ear ni ng

The combined training course can make training more acceptable and enjoyable to candidates if the
correct course expectationgaet and if candidates are encouraged to work on problems important to
them, and can achieve significant results. Candidates who might have taken on very narrow goals of
learning might be encouraged to explore and experiment more if the course isegrgsan open way,

with more reasoning and choice encouraged.

Finally global, local and organisational events which showcase and promote TRIZ and innovation, and
encourage clients to share their TRIZ experiences and support employees in pursing TRE, can
effective in growing TRIZ interest and benefits. TRIZ training standards and a carefully crafted
syllabus for each TRIZ course level also raise the profile and professionalism of thedifitgy and

create demandntroductory combined RIZ-USIT courses may be particularly suited to introducing

TRI Z, and may act to O6prime the pumpd, with cont
come andan experience by candidatesadiat can be achieved lgyowing TRIZ skills.
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LEARNING TRIZ THROUGH LITHOGR APHY -
ELECTRONICS CO-EVOLUTION

Leping Zhend Wu Fef, AnatolyBourov?
aShanghai MicrcElectronicsEquipment CO. LTD.(SMEE$hanghgi201203 China

Abstract

TRIZ has been introduced to SMEB 2008with the help ofTRIZ expert Dr. YongMou Liurom

Global Engineering TechnologyGQET) Co. Thereh a s n 6 t bfertbem progressfor several
reasonsuntil the end of 2013when SMEEmanagement askesystem engineets learn TRIZ and
apply CAIl softwarein real projects.There arestill many problemsvith further promotiorof the

methodology beyond basic trainingpnsideringtight project pressure. One of them tige lack

of consistent examples to illustrate geeminglyunrelatedaspectof TRIZ.

This paper illustrates innovation casesuallyrealizedn lithographicelectronics industrtreating the
two asa coevolvingtool-object pair. We collected training examples from varsms ceshighlighted
contradictionsand demonstratdtbw TRIZ principlescan be used Heuristicsof solutiors are shown
to support theevolutionrevolution cycles according to Moore's Law.duthoréopinion, thesekinds
of training casebkave many advantagesbeing systematic, consistent, anklevant to system
engineerdecause thesmsesare reabndclosely related to thedaily work

Keywords:TRIZ training, Moore's law, toebbjectco-evolution,evolutionrevolution cycles

1. Problems of learningTRIZ

Founded in 2002SMEE isa hightech company engagad design ofphotdithographic
equipment used in semiconductor related indu3inys equipmenbperatedike alarge high
precisioncamera that can transtcircuitpattern froma photo maskaquartz plateontaining
the master copy of microscopic integrated circliitoyawafer @ thin slice of silicon oother
semiconductor material on which chips are made).

Beginning in thel960s, photolithography has played an important role in the fabrication and
mass production of integrated circuits in the microelectronics industry.

The Main Parameters of Value in photolithography is image resolution, overlay and

productivity @ka.throughpu); thesethree requiremerg have internalcontradictions. $ee
Fig.1)
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Fig.1 Contradictionsn photolithography

TRIZ had been introduced to SMEE since 2008 the help ofTRIZ expertDr. Liu from
GET Co. Severakystem engineers in SME#ereexcited to thinkhat somelay in near future,
they could innovate like anventorbut somenaddoubs. Things arenot simpleafterattending
lectures given byiu; thereareat least these problems listed below:

1. Why the concepiicontradictiomis so poverful that it could be used to solagy particular
problem®

2. Is there any ways to learn TRéfficiently as well as effectively?
3. How can SMEEaccelerat¢he learning process?

The answers tthe first two questions aabviousfrom the lectures given while the last one is
not. Becaussystens engineers aradults, theirown way of thinkinginertial to solve there
problemcan not be easily changdgesides, all the engineers are under the high pressuires
project deadlinesif the innovation casea r e n 0 t to tharldaly wodk, they are not
interested in innovation cases that show the TRIZ way of thinking.

The leaders in SMEE began taking action at the end of 2013 when theyddadizenlyby
increasinghe innovatiorability of engineers can weprovecompetitiveness of the company.
That s, in order to attract more engineers to téaeimselvesfter basi¢raining SMEE should
build some facilities to accelerate the learning process, e.g. to build an intranetdgehdse
filled with innovative caseactually realizedn lithographicdevelopmenindustry.

Thesehistoricalcases must have interrelated connections and have clear development thread
betweenthem that reflect the core of TRIZ concept like contradiction formation, evolution
revolution cycles, ®urve, development stages and teatt. While these innovation cases

are all recorded in patentse set out targanizethemin a way that presenteem likeexciting

stories

2. Organizing innovative cases

Semiconducto industry already hamany collectiors of casesaccording to 4@rinciples
e.g.[1] These exampleslo not have enoughnformation about problemcontext and
emerging contradictia ard all to choosesingle advantage factor against a single
disadvantage factphowever recent industry requirement d@comingmore andmore
complex(e.g. performanceproductivityandreliability etc), single parameter tool may not
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