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Dear Friends, 

The time for TRIZfest has come and the fact that it is taking place in China is not incidental. 

 Last year TRIZfest was conducted in South Korea and that had been expected: for the last 10 

years South Korea was a ñTRIZ country number 1ò with multiple TRIZ programs at Samsung, 

Hyundai Motor, POSCO, LG, etc. A new wave of TRIZ penetration to SME is surging there 

now. 

However, if we 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 

dynamics ï in China it is the highest in the world. The connection of these two criteria is 

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 now, of 

the results that MATRIZ has achieved developing and deploying TRIZ. 

The time period of 2015-2016 is indicative of continuous TRIZ proliferation in Asia ï India, 

Malaysia, Thailand, Vietnam, Indonesia as well as of an influx of TRIZ activities in Europe ï 

Germany, Austria, Poland, Italy. 

Besides traditional for TRIZ areas ï engineering and R&D, TRIZ is confidently moving into 

business, IT, entrepreneurship. ñInnovative Entrepreneursò is a key word within innovation 

strategies of many European, American and Asian countries. 

I am confident that TRIZfest 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 TRIZfest 2016 participants, 

It is the 1st time that the world most influential TRIZ conference held in China, especially, this 

year is TRIZ 60 anniversary and its founder, Genrich Altshullerôs 90 years birthday, which 

made TRIZfest 2016 more historical. 

In the past 10 years, TRIZ made significant progress in China, no matter research, training or 

applications. Many companies are gaining benefits from TRIZ.  

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

an industrial organization, I practically felt the 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 donôt have, and therefore, NICE gained stronger competencies in technology 

innovation. An engineering culture of TRIZ is being formed in NICE. 

TRIZfest 2016 will be held in Beijing, and it will be a big move for TRIZ, since TRIZ is 

entering the most active economic 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 not easy. 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. 

We hope you enjoy this conference, sharing experiences, making friendsé Have a good stay 

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 Council for Promoting Six Sigma, CAQ 
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Dear TRIZfest 2016 Participants, 

Welcome to Beijing! It is a pleasure to announce the proceedings of the 12th International 

Conference ñTRIZfest 2016ò which will be conducted on July 28-30, 2016 in Beijing, Peopleôs 

Republic 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, and which has 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 written by 137 authors and co-authors from 16 countries. The Paper Review 

Board worked hard to select best papers to be presented at the conference. 

This year the conference includes papers and presentations focused on the following topics: 

Å TRIZ research, methodology, development. 

Å  Development of competence with TRIZ. 

Å Integration of TRIZ with other methods and tools to enhance systematic innovation. 

Å Sharing experiences with best practices of using and implementing TRIZ. 

Å Case studies with the use of TRIZ 

 

We would like to thank all the authors and co-authors who presented their works in these 

proceedings and therefore provided considerable contribution to the development of TRIZ and 

its further dissemination around the world. 

We would like to express our sincere gratitude to all the members of the TRIZfest 2016 

Organizing Committee who provided their help and support as well as members of the Paper 

Review Committee who invested their time to prepare the conference.  

And at last but 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 TRIZfest 2016 Papers Committee 

Vice President, The International TRIZ Association 

Enschede, The Netherlands 
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A KNOWLEDGE INSPIRED TRIMMING METHOD BASED 

ON TRIZ  

 

Yu Feiab, Tan Runhuaab, Zhang Erjiaa, Shi Weiganga 

aHebei University of Technology, Tianjin, 300130, China 

bNational Engineering Research Center for Technological Innovation Method and Tool, 

Tianjin, 300130, China 

Abstract 

Trimming is one method of reorganizing system functions with partial existing resources, thus greatly 

enhancing the system level of idealization. The critical point for trimming process is that resources 

mining and transformation in the system and super-system, in which aspect conventional trimming 

methods have some limitations. In order to effectively inspire designers to mine and transform 

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 relationship 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. Introduc tion 

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-

system [1]. The trimming method has two steps. The first is determining 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 super-system to reallocation the useful functions of the system[2-5]. 

The components to be trimmed are usually determined by some evaluation methods̆such as 

value analysis, cost analysis, et al. Useful functions reallocation is essentially a process of 

mining and transforming resources in system and super-system [6-7]. In the conventional 

method, this process is mainly guided by some guiding rules [8-10]. YEOH proposed three 

guiding rules based on relationship between components to search for resources available for 

functions allocation [9]. SHEU extend the rules and construct a systematic trimming process 

model [6]. 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 DFMA [10]. RAWATSCH propose some heuristic questions base 

on technical evolution analysis to inspire designer [11]. How 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 functions allocation due to thinking inertia and 

knowledge limitations [2]. 
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Inventive principles are some problem solving measures which derived from analysis and 

summary of numerous patents [12], which transform and utilize resources 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 knowledge-based trimming 

method is proposed, which inspire the designer with the objective knowledge to reallocate 

useful functions.  

2. Determination of Trimming Inspired Knowledge  

Resources in the technical system can be divided into directly available resources and derived 

resources. Designer can easily found and use the directly available resources. So the real 

challenge for designer is mining the derived resources [13-15]. Inventive principles assist 

designers to mining and transforming the derived resources inside and outside the system. So, 

it can be used as the inspired knowledge to derive resources for functions reallocation when 

the components be trimmed. There are numerous principles and there are a number of specific 

measures of each principle. Therefore, for such a large number of inspired knowledgĕ it is 

necessary to build a retrieval method to get the required knowledge quickly and efficiently 

2.1 Function Based Classification of Inspired Knowledge 

(1). Relationship between functions and attributes  

Huang and Zhang [16-18] pointed out that attributes are characteristics of a system or a 

component and function can be regarded as maintaining or changing the attribute(s) of the 

system. When the system get or lose some functions, the attribute values will change or hold. 

There are a total of 59 attributes summarized by existing literature [17]. Integrating 37 functions 

from function database of Creax and several from Innovation Suit, there are total of 43 

functions [19]. Based on the attributes list we can get the mapping relations between functions 

and attributes, shown in Table 1. 

Table1  

Mapping relations between functions and attributes  

function attributes 

Accumulate massȁweightȁvolumeȁpositionȁshapeȁsurface finishȁdensityȁhomogeneity 

deposit massȁweightȁvolumeȁpositionȁshapeȁsurface finishȁdensityȁhomogeneity

ȁwholenessȁphase state 

é é 
Source: Identification of Relevant Technical Trends based on Function-Attribute Relationships 

(2). Relationship between functions and 39 engineering parameters  

Some of the 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 engineering parameters 

can be constructed [16-17]. 

Table 2 

 Mapping relations between functions and engineering Parameters 

function Engineering Parameters 

accumulate weight of moving object/stationary objectȁpowerȁvolume of moving object/ 

stationary objectȁshape 
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deposit weight of moving object/stationary objectȁpowerȁvolume of moving object/ 

stationary objectȁshape 

é é 
Source: Identification of Relevant Technical Trends based on Function-Attribute Relationships 

 

(3). Construction of the mapping relations between functions and inventive principles 

When some parameters need to be improved in a system, Matrix 2010 gives some 

recommended inventive principles to solve the problem [20], which as shown in Table 3.  

Table3 

 Mapping relations between improved parameters and inventive principles 

Improved parameters Optimized principles Improved parameters Optimized principles 

1 weight of moving object 31ȁ35ȁ40 3 length of moving 

object 
4ȁ14ȁ15ȁ17 

éé éé éé éé 

49 ability to measure 2ȁ24ȁ26ȁ28ȁ32 50 measure precision 3ȁ4ȁ24ȁ32ȁ37 

Source: Matrix 2010 
From the above, we can construct the mapping relations between functions and inventive 

principles by combining Table 1 to Table 3, as shown in Table 4. 

Table4  

Mapping relations between functions and inventive principles 

functions Optimized inventive principles 

accumulate 1ȁ3ȁ4ȁ7ȁ17ȁ19ȁ30ȁ31ȁ35ȁ40 
absorb 1ȁ3ȁ4ȁ7ȁ17ȁ19ȁ30ȁ31ȁ35ȁ40 
corrode 1ȁ3ȁ4ȁ7ȁ10ȁ11ȁ12ȁ14ȁ24ȁ30ȁ31ȁ32ȁ34ȁ35ȁ39 
stabilize 1ȁ3ȁ4ȁ5ȁ7ȁ9ȁ10ȁ11ȁ12ȁ14ȁ15ȁ16ȁ17ȁ19ȁ21ȁ22ȁ24ȁ25ȁ28

ȁ30ȁ31ȁ32ȁ35ȁ36ȁ37ȁ39ȁ40 
extract 2ȁ12ȁ13ȁ17  
changes phase  1ȁ3ȁ7ȁ12ȁ19ȁ24ȁ30ȁ31ȁ32ȁ35ȁ36ȁ40 
join 1ȁ7ȁ30ȁ31ȁ35ȁ40 
mix 1ȁ7ȁ30ȁ31ȁ35ȁ40 
clean 3ȁ16ȁ31ȁ35ȁ40 
erode 1ȁ3ȁ4ȁ5ȁ7ȁ10ȁ11ȁ14ȁ15ȁ17ȁ19ȁ24ȁ28ȁ31ȁ32ȁ35ȁ39ȁ40 
embed 1ȁ5ȁ28ȁ29ȁ31ȁ35ȁ40 
remove 1ȁ3ȁ7ȁ30ȁ31ȁ35ȁ40 
condense 1ȁ3ȁ7ȁ19ȁ30ȁ31ȁ35ȁ40 ȁ(36) 
detect 5ȁ28ȁ35 
evaporate 2ȁ36 ȁ̂1ȁ3ȁ7ȁ30ȁ31ȁ32ȁ35ȁ36ȁ40̃  
produce 3ȁ31ȁ35 
bend 1ȁ3ȁ4ȁ5ȁ10ȁ14ȁ15ȁ17ȁ28ȁ29ȁ35 
cool 1ȁ3ȁ4ȁ7ȁ14ȁ15ȁ17ȁ30ȁ31ȁ32ȁ35ȁ36ȁ40 
protect 3ȁ11ȁ12ȁ21ȁ22ȁ24ȁ34ȁ35ȁ39 
dry 3ȁ19ȁ31ȁ35ȁ40 
freeze 1ȁ3ȁ7ȁ30ȁ31ȁ32ȁ35ȁ36 
deposit 1ȁ3ȁ4ȁ7ȁ17ȁ19ȁ30ȁ31ȁ35ȁ40 
decompose 1ȁ3ȁ4ȁ7ȁ11ȁ12ȁ17ȁ19ȁ28ȁ30ȁ31ȁ34ȁ35ȁ40 
vibrate 2ȁ3ȁ5ȁ9ȁ10ȁ12ȁ19ȁ24ȁ26ȁ28ȁ32ȁ34ȁ35ȁ36 
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preserve 1ȁ3ȁ4ȁ7ȁ10ȁ11ȁ12ȁ14ȁ15ȁ17ȁ19ȁ21ȁ22ȁ24ȁ30ȁ31ȁ32ȁ34ȁ

35ȁ36ȁ39ȁ40 
lift  12ȁ13ȁ17 
separate 1ȁ2ȁ11ȁ15ȁ25ȁ28ȁ27ȁ29ȁ35 
prevent 3ȁ12ȁ21ȁ22ȁ34ȁ35ȁ39 
locate 17ȁ23ȁ32 
destroy 3ȁ5ȁ9ȁ10ȁ12ȁ19ȁ21ȁ22ȁ28ȁ35ȁ39 
break down 3ȁ5ȁ10ȁ12ȁ19ȁ28ȁ34ȁ35ȁ40 
hold 3ȁ4ȁ7ȁ10ȁ16ȁ17ȁ23ȁ24ȁ25ȁ32ȁ37 
break down 2ȁ9ȁ11ȁ12ȁ28ȁ35 
heat 1ȁ3ȁ4ȁ7ȁ12ȁ14ȁ15ȁ17ȁ19ȁ24ȁ30ȁ31ȁ32ȁ35ȁ36 
move 15ȁ18ȁ21ȁ29ȁ37  
orient 15ȁ28ȁ29ȁ35 
assemble 1ȁ2ȁ7ȁ11ȁ24ȁ26ȁ28ȁ30ȁ31ȁ32 
integrate/combine 5ȁ6ȁ7ȁ33ȁ40 
rotate 15ȁ17ȁ19 
boil 1ȁ3ȁ7ȁ30ȁ31ȁ32ȁ35ȁ36 

2.2. Select the Trimming Inspired Knowledge Based on the Mapping  

Relationships between Resources and Principles 

As already mentioned, any technique system is part of a super-system and a part of nature. It 

exists in space and time, consists of and/or uses substances and fields, and performs functions. 

Therefore, in TRIZ, resources are divided specifically into six types, which are substance, field, 

information, time, space and function resources [13]. 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. 

 

Semyon D. Savransky classifies the inventive principles by functional attributes of technical 

system and subsystems [21]. Function can be described as maintaining or changing an 

attribute(s).  And we can easily know which types of resources are required to achieve a 

function in a technical system. So, the mapping relations between the attributes and the type of 

resources can be derived, as shown in Fig1 a-b-d. Then according to mapping relations between 

functional attributes and inventive principles, mapping relations between resource types and 

inventive principles can be derived (Fig. 1c-d-e). The specific mapping relations are shown in 

Table 5. 
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Fig.1 Construction of the mapping relations between type of resource and inventive principles 
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Table 5 

 Resource based 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 super-system. 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 

knowledgĕ it is necessary to build an efficient knowledge retrieval method to get the required 

knowledge quickly. Based on the mapping relations between functions and inventive principles 

and the mapping relations between resource and inventive principles, a multi-level selection 

strategy of inspired knowledge is proposed, as shown in Fig. 2.  

 

First 
selection

Second 
selection

Inspired 
konwledge

Missing 
function

resource 
classification

Inventive 
principles

map

map

f (x1)

f(x2)

 

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, look-up table 4 to get some inspired 

knowledge. This is the first time to select; then, according to the missing functions, determine 

the types of resource involved to achieve the function. Look-up table 5 to get inspired 

knowledge. This is the second time to select; those knowledge both emerged in the two 

selection process, will be the preferred knowledge we can choose. 

3. Knowledge Inspired Innovative Design Process Model for Trimming  

The process model is shown in figure 3. Specific steps are as follows̔ 

(1). Select the target system. It can be an existing product or just a conceptual design 

scheme; 

(2). Build the system 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 determine 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 functions, determine 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 resources in the 

system or super-system 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 the third 

step if there is any components to trim. 

4. Case study  

Cable industry is the second industry in China [22]. In some cases, cables need to be equipped 

with armor layer with steel strip, which is carried out by armoring machine, as shown in figure 

4. Steel strip plate rotates with the shaft of steel strip plate. The shaft of steel strip plate through 

mounted on the roller of spindle. However, the weights of steel strip shaft are not balanced on 

both sides of the roller of spindle. The unbalanced centrifugal inertia force produced by the 

rotation produces additional dynamic pressure, especially when the speed of spindle is fast. 

The dynamic pressure affects the strength of the machine, reduces the production efficiency, 

and leads to machine vibration and noise [23].  
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Fig.3 The process model of knowledge inspired trimming method 
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Fig.4 The structure diagram of current armoring machine 

4.1. Determination of the components to be trimmed 

According to the root cause analysis, the weights of steel strip shaft are not balanced on both 

sides of the roller of spindle that leads to machine vibration and reduces production efficiency. 

On this basis, build the functional model of armouring machine, as shown in figure 5. 

According to the results of root cause analysis, determining the trimming components are shaft 

of steel strip plate and steel strip plate. 
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Fig.5 The functional model of Armoring machine 

4.2. Determining the inspired knowledge of trimming        

(1). The useful functions of "rotation" and "hold" to the roller and tension plate are missing 

after trimming the shaft of steel strip plate. look-up table 4 and get those inventive principles, 

ñholdò: 3ȁ4ȁ7ȁ10ȁ16ȁ17ȁ23ȁ24ȁ25ȁ32ȁ37; ñrotateò: 15ȁ17ȁ19. 

 

(2). The steel strip plate cannot rotate after trimming the shaft of it. So it apparently needs 

energy resources to provide power. As shown in fig.5, the roller, which originally hold and 

rotated the shaft of steel strip plate maybe can provide the energy and function. But, how? How 

and where the steel strip plate and tension plate are hold obviously relating to the space 

resource. According to analysis, there is no directly available resources in the system. So, look-

up table 5 and get those inventive principles related to space resources: 4ȁ14ȁ12ȁ7. 
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According to the intersection of the two selections results, the optimal inspired knowledge of 

trimming are the inventive principles of No.7 ñnestingò and No.4 ñasymmetryò.  

4.3. Solution 

According to the inventive principle of No.7 "nesting", nested the steel strip plate to the roller 

of the armoring machine. The improved system is shown in fig.6, and the schematic diagram 

is shown in fig. 7. 
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Fig.6 The functional model of improved armoring machine 

 

Fig.7 The schematic diagram of the improved armoring machine 

4.4. The evaluation of the solution  

(1).The shaft of steel strip plate disappears in the improved armoring machine and there is no 

new component added. So, the structure is 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 F=mɤ2r. The steel strip plate 

through mounted on the roller in the improved armoring 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 improved armoring machine, it is workable in principle. The 3D simulation model 

of the improved armoring machine is 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, effectively improves 

the safe operation speed and the production efficiency. 
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  Fig.8 The 3D simulation model of improved armoring machine                      

5. Conclusion 

On the basis of the existing trimming methods, this paper introduced the inventive principles 

as the inspired knowledge of mining the available resources in the system or super-system, 

having making up the limitation of lacking objective knowledge inspiration in the process of 

system useful function assignment 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 the basis of this, a fast and effective heuristic knowledge selection method of trimming is 

established. And construct the innovative design process model of trimming. The innovation 

design of armoring machine shows this method can effectively support the trimming innovative 

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

In Classical TRIZ, Substance-Field Analysis and a System of Standard Inventive Solutions has been 

regarded as two complimentary tools to solve 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 Substance-Field 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. The approach 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 Classical Approach 

As follows from the studies performed to identify which TRIZ technique is used most often, it 

was found that the most popular technique are a combination of the contradiction approach 

with 40 Inventive Principles and Contradiction Matrix [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 Matrix and Inventive Principles provide rather low effectiveness due to 

the high degree of trials and errors [2]. 

During development one of the major TRIZ techniques -- ARIZ, it was revealed that the vast 

majority of inventive problems occur due to an undesired effect which appears as a result of 

physical interaction between two components or several groups of components. in ARIZ, such 

components are known as a ñtoolò: a component which is a carrier of a function (producing 

action), and a ñproductò: a component whose attribute or a group of attributes experiences 

change as a result of the action produced by the tool. A combination of a ñproductò and a ñtoolò 

is known as a ñconflicting pairò in ARIZ [3]. Further development of ARIZ helped to extract, 



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

 

23 

 

generalize and 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 can be solved by 

modifying a system that includes the conflicting pair. Such typical patterns of solutions were 

collected to a system which is known as a ñSystem of Inventive Standardsò [4]. As a matter of 

fact, the collection of Inventive Standards was developed to replace 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 Principles and narrow down search field towards a solution space 

which includes most ideal solution models.  

The term ñInventive Standardò means that there is a common, or a ñstandardò method to solve 

a group of different inventive problems that have the same problem model. To 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 uniform way, so-called ñSubstance-Field Modellingò 

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 component or an interaction. Interactions 

between substance components are presented by so-called ñtechnical fieldsò or physical forces. 

The role of fields and forces is to carry a function produced by one of the modelled components. 

Examples of such technical fields are mechanical, acoustic, thermal, electric, magnetic, 

electromagnetic, etc.  

A problem model is defined in terms of a substance-field (ñsu-fieldò) which consists of at least 

two substance objects and a field/force between them, which provides interaction responsible 

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 shown in Fig. 1. The dashed line indicates a problem: 

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

mechanical field.  

 

Fig. 1. Substance-field models of a) a system for cutting bread with a knife and b) of a 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 include some 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 includes the following recommendation: ñIf it is necessary to improve 

efficiency of su-field, and replacement of su-field components is not allowed, the problem can 

be solved by the synthesis of a dual su-field by introducing a second field between the substance 

components which is easy to control.ò (Fig. 2) 
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Fig. 2. Solving a problem of cutting frozen butter by applying an Inventive Standard ñTransition to 

dual Su-Fieldò. A solution is that the knife produces heat during cutting which melts butter. 

In the past decade, TRIZ has become recognized as the best practice of the innovation front-

end at a number of world-leading companies. While the vast majority of TRIZ applications 

cover technology and engineering, the fundamental concepts of TRIZ approach to problem 

analysis and creative ideas generation are based on several fundamental concepts which can be 

used within a broader context 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 applicability of TRIZ to 

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 in non-technical domains 

(e.g. [6]) can be explained by the fact that TRIZ focuses on studying high-level patterns and 

regularities of non-linear (in other words, inventive) evolution of technical systems. However, 

these systems are a subset of a broader class of artificial, man-made systems. Since 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 domain. Thinking 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 which is based 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: 

Å We can shield object 1 from object 2 by introducing a new object 3 between them. 

Å We can remove object 1. 

Å 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: 

Å We can introduce object 3 between objects 1and 2 which will filter out the negative part 

of interaction while letting the positive action to pass through. 

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

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

Å We can decrease sensitivity of object 2 to be affected by the harmful effect. 
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Å We can modify the environment of objects 1 and 2 so that the environment neutralizes 

the harmful effect. 

Å etc. 

As we can see, such abstract patterns can be interpreted within and applied 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 engineering applications 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 abstraction leads 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 real-world problems. This 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 interesting approach 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 

questions arise: for example, one of the lines of evolution is the line of software evolution 

which may not be treated as universal.   

1.2. Object-Field Modeling Instead of Substance-Field Modeling 

As mentioned above, earlier attempts to directly apply the original TRIZ techniques and 

knowledge bases to non-technical 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 management. 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 substance-field analysis to a human resource manager in most cases creates confusion when 

the manager tries to imagine that a person is ñsubstanceò. Using original definitions leads to a 

perception gap and difficulty with transferring TRIZ knowledge to the non-technical world. 

Regarding classical TRIZ-based substance-field analysis, a problem with the word ñsubstanceò 

can be easily solved by replacing the word ñsubstanceò with the word ñobjectò which means 

any material or non-material matter within specific context and borders (e.g. person, paper, car, 

report, conversation, salary, bonus). Even such the words as ñpromiseò and ñadviceò can be 

considered as objects since they capture clear contents within specific borders. In addition, a 

process or its part can be identified as an object. 

However, a larger difficulty is created by the attempt to understand what to consider as a ñfieldò 

when modelling business and management problems in terms of substance-field (or ñobject-

fieldò) analysis. We must note that the definition of the term ñtechnical fieldò in the TRIZ 

version for technology and engineering does not match definition of the term ñfieldò in physics 

(for example, such fields as ñthermal fieldò or ñmechanical fieldò do not exists in physics), but 

they were introduced to improve 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 the use of the concept of field is essential due to the fact that it is a field which defines 



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

 

26 

 

background of interaction. For example, when two persons have a conversation in a room, we 

can define several fields creating this interaction: visual, verbal, emotional, informative. But 

not all these fields are usually a source of a problem: it can be either visual field if one person 

does not like how the other person looks; or emotional field if one personôs confuses another 

person; or informative field if one person 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 has to 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 verbal or informational 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] proposes so-called ñhuman fieldsò which 

are based on human perception and are organized to five classes: 1) Senses, 2) Verbal 

communication, 3) Non-verbal communication, 4) Real material possession, 5) Non-real 

material possession. While this classification is useful, other types of fields can be used, for 

example a field of ñcohesionò. In addition, fields presenting physical interactions can be used 

as well when modelling inventive problems. As follows from our experience, when modelling 

systems in object-field terms, some fields can be aggregated. For example, there is no need to 

separate between visual and verbal components in communication unless only one of them 

causes a problem. Several examples of object-field models of business systems are shown in 

Fig. 3. The study of types of fields which can be used to define functional interactions in 

business and management systems is currently under way.  

 

Fig. 3. Several instances of object-field models which include critical fields. 

1.3. Problems and Solutions 

Similar to technology, in business and management, 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 affected. 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 solving methods available in a specific business 

domain help, a new solution which has not been known before is required. In technology, such 

problems are called ñinventiveò. A major difference between technology and business is that 

once a problem in technology is solved, it can be patented and a solution can be called 

ñinventionò. In business, however, patents are not available and business solutions are rarely 

called ñinventionsò. Nevertheless, if a radically new solution in a certain business domain has 

been proposed, it makes sense to call such both solutions and problems ñinventiveò.  

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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ineffective 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 informative ï if the supplier does not convince 

the consumer to buy the product; or trust ï if the 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 the interaction 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 

ñtrustò which has nothing to do with either the lack of information or with the qualities of the 

product. 

 

Fig. 3. Role of specific fields in modeling problems in object-field 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 design. In this 

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, understanding what ñfieldò is responsible for creating a problem helps to narrow 

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 substance-field and object-field models presented graphically, problems are specified 

by defining a specific problem-creating type of interaction. There are five general types of 

interactions which identify problems, as shown in Table 1. 

Table 1 

Types of interactions specifying problems in object-field models 

Type of interaction 
Graphic 

notation used 
Examples 

Insufficient (ineffective) 

result of interaction 
 

1) The project is not delivered in time. 2) 

Revenues from selling a product are 

insufficient. 3) Advertisement does not 

produce sufficient conversion rate. 

Excessive (non-optimal) 

result of interaction 
 

1) Too much budget is spent for advertising. 

2) Too many visitors overload reception 

workers. 
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Poorly controlled result of 

interaction 
 

1) A manager poorly controls a business 

process. 2) Deliveries by a supplier can not 

be properly controlled. 

Harmful (negative) result of 

interaction 
 

1) An office worker irritates other people in 

the office. 2) Loud packaging process 

disturbs employees in a room. 

Non-informative or incorrect 

result of measuring effect of 

action or interaction 
 

1) Results of audit are inaccurate. 2) A 

company produces wrong forecasts. 3) 

Information about results of partnerôs 

activity is missing. 

 

It is often a case, when insufficient, excessive or poorly controlled 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 results 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 result ï delivery ï 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 a non-existing technical system to the point 

when a technical system experiences transition 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 in a 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 the Inventive Standard 

in the group. A 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 substance-field 

models of solutions can be used for the problems of change and measurement/detection, in the 

system of Inventive Standards for Business and Management (ISBM), the same object-field 

solution models can be used for different type of problems. 

Currently all Inventive Standards for business and management are organized to five groups: 

¶ Group 1: Improving insufficient effect of an interaction. 

¶ Group 2: Improving excessive effect of an interaction. 

¶ Group 3: Improving poorly controllable effect of an interaction. 

¶ Group 4: Eliminating negative effect of an interaction. 

¶ 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 require large change are 

located in the top of the list and Inventive Standards which require a large-scale 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 solve this particular category of problems. 

Currently the ISBM system [11] includes 39 inventive standards (fig. 4). As said above, some 

of the inventive standards in different groups have identical solution models while the problem 

models are different. 

¶ Group 1: Improving insufficient effect of an interaction 
o Standard 1-1: Transition to internal complex model 
o Standard 1-2: Transition to external complex model 
o Standard 1-3: Introducing intermediary 
o Standard 1-4: Using existing resource 
o Standard 1-5: Using modified or new environment 
o Standard 1-6: Transition to dual model 
o Standard 1-7: Transition to periodic action 
o Standard 1-8: Introducing selective protection 
o Standard 1-9: Introducing selective amplification  
o Standard 1-10: Segmentation of objects and processes 
o Standard 1-11: Dynamization of objects and processes 
o Standard 1-12: Transition to bi- and poly-systems, networks 
o Standard 1-13: Increasing differences in bi- and poly-systems 
o Standard 1-14: Increasing depth of nesting  
o Standard 1-15: Paradigm change 

¶ Group 2: Improving excessive effect of an interaction 
o Standard 2-1: Introducing filtering 
o Standard 2-2: Modified environment 
o Standard 2-3: Removing excess of action 

¶ Group 3: Improving poorly controllable effect of an interaction 
o Standard 3-1: Introducing intermediary 
o Standard 3-2: Transition to external complex model 
o Standard 3-3: Replacing paradigm 
o Standard 3-4: Outsourcing to supersystem 
o Standard 3-5: Transition to chain model 

¶ Group 4: Eliminating negative effect of an interaction 
o Standard 4-1: Introducing intermediary 
o Standard 4-2: Introducing modified intermediary 
o Standard 4-3: Distraction by a new field 
o Standard 4-4: Introducing antipodal action  
o Standard 4-5: Introducing conditions 
o Standard 4-6: Modified object in advance 
o Standard 4-7: Periodic action 
o Standard 4-8: High speed 
o Standard 4-9: Paradigm change 

¶ Group 5: Organizing or improving measurement and detection 
o Standard 5-1: Problem change 
o Standard 5-2: Using a copy 
o Standard 5-3: Successive detection 
o Standard 5-4: Indirect resource measurement 
o Standard 5-5: Transition to a dual model 
o Standard 5-6: Transition to bi- and poly-systems 

o Standard 5-7: Measuring derivative 

Fig. 4. Contents of current version of the System of Inventive Standards for Business and 

Management. 
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2.2. Examples of Inventive Standards for business and management 

To illustrate how inventive standards are presented in ISBM, we present several inventive 

standards from the ISBM system developed in 2015 (Table 2). As in the classical Altshullerôs 

system, each inventive standard is accompanied with one or more examples of specific 

solutions to better explain meaning and applicability of an inventive standard. 

 

Table 2 

Randomly selected Inventive Standards from each group 

Group 1: Standard 1-4: 
1-4 If there is an insufficient (ineffective) effect of interaction 

between two objects A and B, and it is not possible to introduce 
a foreign object, analyze if there is already any object(s) in the 
existing environment of objects A and B which property can be 
used to achieve the desired effect of the interaction. The 
existing object can be used as available system resource to 
boost, accelerate or amplify the effect of the insufficient 
interaction. 

 
Explanation: If it is not possible to introduce a foreign object to 
your system, study what resources (material, energy, information, 
knowledge, human) a system already has to which your objects 
belongs. In many cases, the environment within a system has 
rŜŀŘƛƭȅ ŀǾŀƛƭŀōƭŜ ǊŜǎƻǳǊŎŜ ǿƛǘƘ ŀ ǇǊƻǇŜǊǘȅ ǘƻ άŀƳǇƭƛŦȅέ ǘƘŜ ŜŦŦŜŎǘ 
of an interaction without changing other conditions or 
introducing additional objects to the system. In this case, a main 
principle behind the interaction (usually, a process which provides 
the interaction) does not change. However in some cases, the 
resource object can provide a new field. 

Example: Using the 
ŎƻƳǇŀƴȅΩǎ ŘƛǎǇƻǎŀōƭŜ 
paper coffee cups to 
print company news on 
the cups to keep the 
customers continuously 
updated in order to 
improve information 
flow from management 
to employees. 

 

Group 2: Inventive Standard 2-1: 
2-1 If there is an excessive effect of interaction between the objects 

A and B, introduce a new object between the two objects, which 
possesses the property to withdraw the excess of the 
interaction while providing only the necessary degree of effect 
(filtering), or to redirect only the needed part of the interaction. 

 

 

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 that 
should be forwarded to 
the manager.    
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Explanation: Excessive interaction is different from the harmful 
one because it does not directly produce a negative effect or the 
negative effect produced can be neglected, but we would still like 
to have some optimal effect as a result of interaction. A foreign 
ƻōƧŜŎǘ Ƙŀǎ ǘƻ ōŜŎƻƳŜ ŀ ƪƛƴŘ ƻŦ ŀ άŦƛƭǘŜǊƛƴƎ ƳŜŘƛŀǘƻǊέ ǿƘƛŎƘ ǿƻǳƭŘ 
receive an action from object A and transfer the action on object 
B without excessive effects that would accompany the excessive 
interaction. Often, the excessive action is not allowed due to 
some negative effect that would be caused by the existing type of 
the flow providing the interaction. Analyze what attribute of 
object B has to be changed, and find such a mediator that would 
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 3-4: 
3-4 If there is a poorly controlled effect of interaction between two 

objects A and B, consider replacing an object A or object B with 
object C that resides in supersystem.  

 
Comment: A field behind the interaction can remain the same or 
can be replaced with a more effective field (e.g. replacing manual 
control with automated control). 

Example: In case of a 
project, which requires 
specific competence not 
available in the 
organization, the 
competence can be 
brought by hiring an 
independent expert. 

 

Group 4: Inventive Standard 4-8: 
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 the process of the 
interaction, consider conducting the process at a very high 
speed. 

 

Explanation: Many processes are accompanied with harmful or 
undesired effects due to the nature of the processes. These 
factors can be removed or considerably reduced if the process is 
conducted at a speed significantly greater than the current speed 
of the process. 
 
 

Example: Restructuring 
a department can be a 
painful process if 
performed slowly. It is 
suggested to produce 
restructuring within the 
shortest term possible 
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3. Practical Applications 

Currently, the ISBM system is used in two types of TRIZ-related activities: training and 

innovative problem solving. The ISBM system has been taught regularly since 2012 at training 

workshops on TRIZ for business and management worldwide 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 to real-world 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 either within an organisation, 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 this paper 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, 

December 2015. 

Group 5: Inventive Standard 5-4: 
5-4 If a certain parameter is difficult to detect or measure, a 

problem can be solved by indirect measurement or detection of 
another object or a field present in the system, change of which 
depends on a change of the parameter to be measured. Instead 
of direct measurement or detection of the parameter needed, 
another parameter identified with the first one is measured or 
detected.  

 

 

Example: It is difficult to 
directly detect an exact 
moment when a 
supplier shipped the 
needed materials 
through the courier mail 
if a supplier has not 
provided information to 
a customer timely. 
However, it is possible 
to learn about the 
shipment by requesting 
service from a postal 
company used by the 
supplier which will alert 
the customer each time 
the shipment has been 
made. 
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4. Conclusions 

Fast and efficient solving of non-standard, ñinventiveò problems becomes critical for survival 

and development of virtually every business. Today many business professionals start to realize 

that traditional ways of innovative problem 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 structured 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 a start-up, while another problem 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 to ideal and enhances personal problem solving skills. 

In summary, the ISBM system has the following features: 

¶ No need to learn TRIZ for technology and engineering. Basic TRIZ concepts and 

fundamentals as well as basic concepts and fundamentals of ISBM system can be 

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 adequate for solving a problem required. 

¶ 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.  

¶ The system can be used to solve all types of problems causing conflicts even if such 

problems are not recognized as ñinnovativeò. 

Further development activities will focus on refinement of Inventive Standards included and 

organization of ISBM system propsed, as well as with extracting and structuring new patterns. 

In addition, work on the improvement of a theory of ñfieldsò for business and management 

areas is scheduled. 
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Abstract 

Many companies propose three types of TRIZ-based services: project execution, group 

facilitation and training. The Main Parameters of Value (MPVs) of these services are 

determined and their respective performances 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 improvement of 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 designed for each 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 as to help the 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, 

quality, main parameter of value 

 

1. Different TRIZ -based services 

A lot of companies around the world propose TRIZ-based services, actually ï for the sake of 

simplification - three main services: 

¶ Project execution: the consulting company takes the responsibility of the results and 

delivers them to the client. This is the most current TRIZ service. 

¶ Training: the consulting company trains the client in the theoretical and practical 

aspects of TRIZ. This is the second most current TRIZ service. 

¶ Group facilitation: the consulting company facilitates 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 relationship with what can be actually done for or by the clients. Here is 

a list of typical applications of the TRIZ method: 

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

¶ Prediction / roadmapping of technologies; 

¶ Intellectual property enhancement (patent fencing, patent circumventing); 
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¶ 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/or radical innovation 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 TRIZ services usually 

differ a lot. However one may generalize and affirm that these companies consider the 

following MPVs (Main Parameters of Value) [1] for such services: 

¶ 1/Cost. This is especially true in the current post-2008 era: the economic crisis is not 

over, the companies and their shareholders want a quick and high return on investment 

more than ever. In this context all the costs (materials, equipment, salaries, services é) 

are under pressure. 

¶ 1/Time to results. Usually when the client decides to go for a TRIZ service, 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 should devote to the project: actually the 

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

to participate in meetings, etc. But this time should be limited. 

¶ Quality of the developed ideas. This depends much on the function of the client 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 effect, for instance. 

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

him designing future products or processes. 

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

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

¶ Results appropriation by the client. This aspect may be particularly critical in the 

context of project execution. The results may be great in reality, but if the client doesnôt 

appropriate the results, proposed 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 the MPVsô 

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 for the sake of 

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 consulting company, which 

is not relevant in the present study, but is clearly key for the purchase of its services. 

  

¶ Project execution is meaningful for companies which donôt have / donôt have yet the 
will to train their employees to TRIZ. There may be different reasons for this lack of 

will:  

o They donôt know TRIZ yet. Often project execution is a way for a company to 
test the TRIZ method while testing the consulting company. 
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o They believe to know TRIZ and may have an internal ñexpertò who actually has 
a poor knowledge and practice of the method. They may also think that TRIZ 

doesnôt work for their field. However they are open to re-test the method. 

o They are too little companies, or production facilities, which donôt see any 
interest to learn TRIZ because they consider that they will need the method not 

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

and productivity. 

o They believe they can solve most of the challenges they face without any 

method. 

So project execution: 

o Is a good way to test TRIZ and get a first acquaintance with the method. It is 

usually recommended to take a tough challenge which is well defined. 

o Is good for companies, in R&D or production, which need a punctual help for 

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

a current lack of human resources.  

o 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 

MPVs 
Project 

execution 

Group 

facilitation 
Training 

1/Cost 
Low to 

Average 
High Low 

1/(Time to results) Average High 
Low to 

Average 

1/(Time devoted by the client) High Average Low 

Quality of developed ideas High Average 
Low to 

High 

TRIZ skills developed by the client Very Low Very Low 
Low to 

High 

Results appropriation by the client Low High High 

 

3. Current status and possible improvement of the TRIZ-based consulting 

services 

Even though it would be possible in another context, the intent of the present article is not to 

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, in particular 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 present article is standard-

independent). Therefore it must often be seen as a mid-term to long-term 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 naturally devoted to people who work in 

R&D and innovation. It is less naturally devoted to a production context. ñTime to resultsò can 

be defined as the time duration between the first training (level 1) and the end of a project that 
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is executed by trainees, independently from the trainer. This time duration may be very long. 

Accordingly the ñTime devoted by the clientò, which integrates the training time plus the 

internal project execution time, can be long. ñQuality of the developed ideasò usually grows 

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 increase of the ñTRIZ skills developed by the clientò. Therefore these 

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 of the best known training 

formula proposed by the best TRIZ companies (the following has been done for General 

Electric for their implementation of TRIZ [2]): 

¶ Includes during the training a direct application of the learnt TRIZ tools (for analysis, 

solving, ranking of ideas and conceptsé) on projects brought by the client. The client 

is helped by the trainer who turns into a facilitator. Obviously it is impossible to explore 

all innovation opportunities during that short time. 

¶ Suggests a subsequent full application of the TRIZ tools on the projects that have been 

only partially executed during the training. 

¶ 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 that this 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 facilitation 

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 facilitation, and he doesnôt work out of this 

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 limitation makes impossible to: 

¶ 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; 

¶ Search thoroughly for disseminated 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 great 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 ñquality of the developed ideasò, group facilitation can be improved by a 

parallel, partial 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 specific 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 alleged most important MPV, 

the ñQuality of the developed ideasò, can have a high performance if some conditions are met. 

Among these conditions are: 

¶ An efficient team of TRIZ consultants. 

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

¶ An efficient transfer of the necessary information from the client to the TRIZ 

consultants. 

The latter condition allows the TRIZ experts to become ñpseudo-expertsò [2] of the set 

challenge to tackle or the problem to solve, in a very short time. Of course this is the art and 

duty of the TRIZ consultants to ask precise questions to the client. Accordingly the time 

devoted by the client for information gathering and different meetings and teleconferences can 

usually be kept limited and under control. 

Can the ñTRIZ skills developed by the clientò be increased in this context? Honestly it is not 

possible under this format without proper training. Without substantially increasing the 

performance of this MPV, the experience of the author shows that: 

¶ A 2 to 4 hours introduction to TRIZ at the beginning of a project, with high-level 

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 important 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 field of the client can strike his mind. 

¶ 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 consultants 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 

doesnôt develop practical TRIZ skills, it changes the vision he has 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 ñResults appropriation by the clientò in this context? Fortunately yes. 

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 client about the TRIZ methodology: it is about implying the 

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

¶ Cautiously refine the definition of the project with the help of the client (objectives, 

scope, requirements, constraintsé). 

¶ 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. 

¶ Determine obvious MPVs and their relative weights directly with the client. Possibly 

imply a client multidisciplinary team (engineers from different specialties, salespeople, 

marketersé) to investigate less obvious MPVs. 

¶ Begin performing a functional analysis of the studied engineering system, and possibly 

the cause-and-effect chain of undesirable effects with the client, even if these will have 

to be completed by the TRIZ consultants later ï especially the cause-and-effect chain 

of undesirable effects which usually needs several days of work to be thoroughly done. 
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¶ Ask the client about the relevance of the main outputs of the innovation roadmap, e.g. 

key problems, conceptual directions and individual ideas. 

¶ Keep the client informed about your intermediary results and ask confirmation of their 

relevance. 

¶ Be open to suggestions, modifications and critics formulated 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. Nevertheless 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 teleconferences, so 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 consulting 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: 

¶ Its objective: the cost is then in relationship with the complexity and difficulty of the 

project. 

¶ Its scope: the broader the scope, the greater the cost. 

¶ Its requirements and constraints may add to the difficulty and complexity of the project. 

On the other side, 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 developed ideas. Beyond that limit, this doesnôt help. But most often, the client 

has a limited budget, so the cost of the project is under pressure, and the TRIZ company which 

usually doesnôt want to negotiate its daily rate must reduce the amount of men.days. The TRIZ 

company faces the following physical contradiction, 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 developed ideas 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 the physical 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 obtain a high 

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 specific numerical 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: 

¶ A purely hypothetical situation for which the ideal TRIZ consultant, 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. However this may happen in the next 

decades thanks to the computing speed of a specifically trained artificial intelligence. 

¶  A regular project execution, for which a usual, systematic roadmap R (as defined 

above) is applied by the TRIZ consultants. It is believed that the corresponding function 

evolves like an S-curve: 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 whereas in reality it 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 innovation (for process 

innovation, a similar roadmap can be proposed) can contain the following tools Ti: 

o Analytical stage: 

Á MPV analysis and discovery 

Á Benchmarking of technologies (including patent analysis) 

Á Function (and cost) analysis 

Á Trends of engineering systems evolution 

Á Trimming 

Á Feature transfer 

Á Flow analysis 

Á Cause-and-effect chain analysis 

Á Key problems analysis 

o Resolution stage: 

Á Application of ARIZ 

Á Application of inventive principles 

Á Application of physical contradictions resolution tools 

Á Application of standard solutions 

Á Application of scientific effects database 

Á Function-oriented search 

o Substantiation stage: 

Á Secondary problem solving 

Á Substantiation of individual ideas 

Á Evaluation and ranking of individual ideas 

Á Synthesis of concepts 
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Á Evaluation and ranking of concepts 

¶ 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 S-curve with earlier growth, and possibly quicker growth. This type of project 

execution which solves the aforementioned PC is called ñacceleratedò project 

execution. 

The consideration of these curves, the regular roadmap R itself, and the accelerated project 

execution as practised by the author allows proposing the following general ideas: 

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

¶ Some outputs Oi should be partially eliminated. 

 

 

Figure 1: Different types of project executions: ideal, accelerated and regular 

 

The former proposals are somehow 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 with the research 

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

of the results. 

Below are given several recommendations the aim of which is to increase the ñacceleratedò 

character of a project execution. These recommendations 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, 

Ion Beam Applications). 

Here are these recommendations: 
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¶ Design an accelerated roadmap Rô which fits the needs of the project, and which skips 
superfluous tools totally or partially trims them. Depending on the project, its nature 

and its parameters, different roadmaps Rô may be obtained. Finally the design of 

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 

many cases it is possible to: 

o Postpone the MPV discovery which can be done more quickly after the 

application of several analytical tools. 

o Skip the patent analysis part of the benchmarking of technologies: a well-done 

search of technologies which carry the same function as the initial engineering 

system may be sufficient. 

o 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. 

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

precise cost information can be difficult to gather. However it doesnôt prevent 

from roughly guessing which components are the most costly, and the further 

application of the cause-and-effect 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. 

o Skip the trends of engineering system evolution (TESE) which can be long and 

tedious, because 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 image we 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? Must it be so, or 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. 

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

o Skip trimming, except if one wants to cut costs, simplify a design, reduce the 

duration of an operationé  

o Skip feature transfer in the case the benchmarking of technologies has not been 

done. 

o Skip ARIZ: in all projects performed by the author, ARIZ wasnôt necessary. 
Nevertheless it may be applied in very specific situations in which even the 

TRIZ consultants are stuck or still dissatisfied after the application of other 

resolution tools. 

o 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 recommendation of 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 logically equivalent, and usually doesnôt use 

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 database of scientific effects. Here it is a matter of 

opportunity that cannot be decided in advance, and that depends on the list of 

key problems. So in the authorôs experience, this depends on the project. For 

instance it may turn very useful for the solving of a specific key problem for 

which function-oriented 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 has led to the identification 

of a process which is not initially designed for the clientôs application. It could 

theoretically have been found with function-oriented search, but the latter tool 

may sometimes have its own limits which can then be complemented by the 

application of a database of scientific effects. 

¶ Let the accelerated roadmap Rô contain at least: 

o MPV analysis; 

o Function analysis; 

o Cause-and-effect chain analysis;  

o Key problem analysis; 

o Function-oriented search; 

o Principles for the resolution of physical contradictions. 

¶ 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 thoroughly can take 

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 scope of the project. 

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 manual cleaning 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 alternative detection 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 proposal to 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; alternative automatic 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 execution, which 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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¶ Skip some key problems of remaining conceptual directions. In the remaining 

conceptual 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 

such a selection is carried out between priority key problems and non-priority key 

problems. It is recommended to agree with the client about it. A very general guideline 

for this selection is to define as non-priority key problems those which belong to a not 

very promising conceptual sub-direction. The ñnot very promisingò evaluation is based 

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.  

¶ 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 function as the 

proposed idea. 

¶ Solve secondary problems only for some promising conceptual ideas. 

¶ Evaluate and rank carefully only the promising conceptual ideas. 

¶ Develop some concepts, not all the possible concepts. One brutal force approach is to 

systematically consider all possible combinations of ideas. This can be time-consuming 

for no specific added value. Rather a sample of well-chosen combination of ideas can 

be much more interesting for the client. The main point here is to show the most 

interesting complementarities 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, successive rows. 

¶ 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 every 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) management techniques 

[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 in a specific accelerated roadmap Rô; rather the next TRIZ tools would be 

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 offers to their 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 companies, i.e. project 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 specific combinations 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 the constraint of limited cost leads to the so-called 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 practitioner to reach 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 is the innovation theories system which is integrated of technology system, technology evolution, 

ideal solution, physical contradictions, resources and functions. These concepts and contents include 

abundant thoughts of dialectical materialism. It will be helpful to understand and master TRIZ theory 

through study and analysis Marxist philosophy which contains the materialism and dialectics in TRIZ. 

It will guide creative work and practice, thus promote the progress and development of TRIZ theory 

itself. 

Keywords: TRIZ, dialectical materialism, materialist dialectics, philosophy 

1. Introduction  
 

TRIZ, theory of inventive problem-solving, is called ñsuper inventionò and ñMidas touchò by 

European and American experts. Practice has proved that TRIZ theory is successful use and 

solving a lot of problems in large well-known enterprises. It is a creative and effective tool to 

solve technical problems. The essence of TRIZ is not ñmanual typeò knowledge, but in the 

deeper philosophical level [1]. Firstly, the philosophy and inner essence are analysed in TRIZ 

study. It will  help us to master the essence of TRIZ theory and achieve the flexible use in real 

work. 

2. Marxist philosophy and TRIZ  
 

Marxist philosophy insists on the both materialistic and dialectical world view to know, explain 

and reform everything-including nature, human society and human thinking. Marxism reveals 

the general laws of the world: (1) the world is material; (2) the material world is the motion, 

change and development; (3) motion, change and development of the material world is regular; 

(4) people can know the laws and use laws to change the material world. Mr. Archie Schuler 

said that our minds should reflect the complex, active and dialectical developing world 

correctly. TRIZ innovation theory enriched the philosophical connotation of some laws of 

dialectical materialism such as the unity of opposites, the interchange of quality and quantity 

and the law of negation of negation [2]. 

2.1.  The basic content of Marxist philosophy 

Marxist philosophy adheres to the unity of materialism and dialectics. Dialectical materialism 

suggests that: material determines consciousness; consciousness has active effect on material; 

material and movement are indivisible; movement is the fundamental attribute of material; time 

and space are fundamental attributes of movement; time, space and movement cannot be 
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separated. Dialectic materialism looks at the problem by related, developing and 

comprehensive view: contact means that mutual influencing, interrelated and interactional 

relations between elements and things; development is the forward movement and its essence 

means the creation of new things and the perdition of old things. Modern science has proved 

that everything is in extensive and universal relationship with the surrounding things via the 

exchange and transmission of material, energy and information [3]. The basic concepts of 

material, energy, information, time, space, connection, development, contradiction and law 

constitute the foundation of Marxist philosophy. 
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Fig 1  The Classical TRIZ theory system 

2.2.  The frame of classical TRIZ 

Classical TRIZ is mainly composed by nine contents: the evolution laws of the technical 

system, IFR ideal solution, inventive principle, engineering parameters & contradiction matrix, 

physical contradiction &separation principle, object-field model, standard solution, ARIZ 

inventive problem solving algorithm and scientific principles effect database [14], as shown in 

figure 1. TRIZ is a complete innovation system based on dialectics, system theory and 

knowledge. 

2.3.  Studying TRIZ and Marxist philosophy  

The concept and content of TRIZ are very abstract, but the problems in innovation practices 

are specific. Actually some people which are trained by abundant classical TRIZ theorem were 

confused to solve practical problems, because they did not understand the nature of problems 

well [7]. We should take the abstract philosophical concept in TRIZ as a powerful weapon to 

solve practical innovation problems. Analysing the relationship and difference between the 

content conception of TRIZ and Marxist philosophy, and understanding the dialectics and 

materialism of Marxist philosophy in TRIZ are significant 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 practice is the most basic principle of Marx doctrine. TRIZ is founded 

by Soviet inventor, Genrich S. Altshuller, in 1946. By analysing 2.5 million patents, A TRIZ 

theory system has been established, which contains kinds of methods and algorithm for solving 
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technical problems and realizing innovation development [6]. Invention patents are the 

summaries and distillations of human creative activities. TRIZ, comes from a mountain of 

invention patents, is the development and sublimation based innovation practice. The practices 

have proved that TRIZ theory has been helped many famous enterprises with solving problems. 

Many enterprises of the world's top 500 have their own TRIZ innovation teams. TRIZ has 

become an effective tool to solve technical problems [12]. Meanwhile TRIZ is constantly 

developing and perfecting through the innovation practice. The positive circle of TRIZ between 

building the innovation theory system by analysing patents and guiding the innovation practice 

is the specific cognitive process of Epistemology in Marxist philosophy. 

3.2.  The objectivity of technical system and function 

The system which is defined by the great scientist, Tsien Hsue-shen is an organism with 

specific functions that is composed of interactive and interdependent components. The popular 

book of classical TRIZ defined the technology system as: technology system refers to the 

human design made for a certain function of a synthetic system [16]. TRIZ is an evolving 

application discipline for studying project and other artificial systems [2]. The research object 

of TRIZ theory belongs to the engineering technology system which is established for a specific 

purpose. System science deemed that real things exist by the way of system: thing is system, 

and in the system. TRIZ theory analyses the composition and structure of reality on problem 

analysis and solves the problems by changing the composition and structure of the system. It 

is objective reality in artificial system that the TRIZ studies and problem solving through 

objective technology. 

For the technology system, TRIZ thinks that it is important in the function of system not in 

system itself. System function refers to character, ability and function in the connection and 

interaction between the system and the external environment, also is existing purpose of the 

system. System science and TRIZ theory highlights the significance of function. TRIZ theory 

deems that function is the effect of technology system to maintain and change the attributes of 

the object, is the soul and existence value of the technical system. Function is attached to 

technology system, and is not the same as technology system. Technology system is the carrier 

of function, It and receptor must be material. Because of function as a kind of substance 

"properties", namely inherent nature of technical system, it is objective function. 

3.3.  The materiality of object-field model 

In philosophy the material, belongs to the philosophical category of objective reality, is the 

entity of reality, which does not rely on the human consciousness, but can be reflected by 

human consciousness of objective reality. In the object-field model, the object is a complex 

program with arbitrary entities; the field generated energy flow, information flow, force flow, 

interaction, reaction, etc. [4]. Firstly, object-field model admit that the technology system is 

substantive and material, and is interactive between the object, rather than anything else. 

Therefore, the object and field are objective reality, and belong to the philosophy of material. 

All technology systems are composed of interactive objects. The object-field model is that the 

functions of component of technology system are analysed, value evaluated, value optimized 

to realize the innovation.  

3.4. Science effect, resource are the view point of dialectical materialist  

Dialectical materialism deems that the movements of thing are regular. And the regularity is 

universal, which can be understood and used by us. Scientific effect database is formed by 
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analysing and summarizing scientific and different fieldsô knowledge in TRIZ. The 

complicated and profound science knowledge can 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 limited to resolve the problem. Science effect in TRIZ 

theory becomes a powerful tool solve the invention problem by the motion law of objective 

things. 

TRIZ theory deems that resources are everything in order to solve these problems. The 

objective existence which can be developed and used by human mainly include material 

resources, energy resources, information resources and time resources, spatial resources, 

resources function, system resources, etc. [4]. The matter is objective existence. The nature, 

social existence, and all sorts of things and phenomena belong to the category of the material 

and have the material property, such as sports, time, space, law, production mode, practice and 

its results. The use of these resources will be lower cost, but will bring a lot of unexpected 

beneficial effect. In Marxist philosophy, the abstract categories such as matter, motion, energy, 

information, time, space, connection, development, contradiction, law, are endowed with new 

contents and positive meaning in the theory of TRIZ, these will help us to break through inertial 

thinking and obtain creative thinking, will become powerful weapon to solve the problem and 

realize the innovation. 

4. TRIZ conforming dialectical materialism 
TRIZ theory analyses and solves the problem by the connective, developing and contradictory 

views. In TRIZ, concepts of technology system evolution, idealism, contradiction and resource 

are philosophical significant, based on the comprehensive foundation of dialectics, system 

theory, epistemology. It is similar to the dialectical materialism [11]. 

4.1.  Innovative solution, the unifying of the opposites 

TRIZ has a clear view: without solving conflicts, there is no innovation. Lenin believes that 

dialectics is a theory which studies the unifying of the opposites. Dialectical materialism study 

contradictory. The law of contradiction is the essence and core of dialectics. The dialectical 

materialism deems that any existed relationships of objects in reality are both opposite and 

unified. 

If it canôt understand the concepts of contradiction, and is not similarly understanding TRIZ 

[7]. TRIZ subdivided contradiction into management contradiction, technology contradiction 

and physical contradiction. There are technical contradictions in the management 

contradiction; technical contradiction can be transformed into physical contradiction by 

analysis. Therefore, it is important to solve the problems of physical contradiction. The 

physical contradiction will make two opposite requirements of the same parameter of a system 

or element. Therefore, physical contradiction includes at least two unities of opposites, namely 

the contradictions. The essence of physical contradiction can also think as other two aspects of 

technology system, form contradiction through the system conflict/elements. Materialist 

dialectics can realize unity of the contradiction of both sides thought by changing conditions. 

TRIZ theory solves the contradiction by invention principle. 

To solve physical contradictions, we mainly use the separation principle: time separation, space 

separation, condition separation and system separation. Each separation principle contains 

several invention principles. Under the guidance 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 solves the physical 
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contradiction by invention principles, implements the conversion and unification of the 

opposite sides under a certain condition and finally achieves innovation. 

4.2.  Idealism, ideal final result, technology evolution admitted the things 

are development 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 dialectical materialism, such as the contradiction theory, the 

quantitative to qualitative changing rule, the negation of negation rule, to discuss the 

technology system evolution [13]. Idealism, ideal final result and technology evolution theory 

are the comprehensive application of above laws. 

TRIZ believes 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 faces the natural selection and 

survival of the fittest. TRIZ proposes the idealism equals that the sum of all favourable factors 

by the sum of system cost and harmful factors. TRIZ holds that the opinion, invention is "out 

of thin air", is naive. In modern technology, there are tens of thousands of inventions in each 

system. It is necessary and important to consider realistic problems systematically, dynamically 

and interrelatedly. In one system, there are both favourable factors and harmful factors, namely 

the positiveness and negativeness. By continuously solving contradictions, increasing 

advantageous factors and reducing harmful factors, the evolution of technical system will be 

achieved, and which conforming to the contradiction theory. The idealization of the level of 

human thought will improve the product function, which conforming to the quantitative to 

qualitative changing rule. And the idealization is a process of the negation of negation. 

Ultimately the ideal system which exists in subjective sense does not exist as a physical entity. 

But it clearly points out the direction of the development. The evolution of technology system 

admires that objects are development and forward. the ultimate ideal system is subjective 

consciousness. The contradiction of ideal and reality has become an important power to 

promote technology progress, is also active role consciousness, creative performance, and the 

main content about the relationship between physical and consciousness in dialectical 

materialism. 

4.3.  TRIZ innovative thoughts is the application of dialectical materialism 

Connective view and development view are the general view and characteristics of dialectical 

materialism [2]. There are some classic TRIZ innovative thoughts: 9-windows method, 

miniature dwarfs method, 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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Figure 2 9-windows 

9-windows method divides óthe worldô into nine segments as shown in Figure 2. With space as 

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 system. According to the 

dialectical materialism, the internal and external factors are the basis and condition of object 

changes respectively. The object analysis should be taken from both internal and external 

aspects. The concepts of system elements, environment and condition in systematic theory are 

similar with 9-windows method. TRIZ theory holds that things and their interiors are 

interactive and interrelated in space and time. 9-window method directly shows the 

relationships among present, past and future situations, environmental and internal factors, 

which breaks the limitations of inertia of thinking. And 9-windows method considers things in 

a developing and interrelated view from time and space dimensions. 

4.3.2. SIMS method 

 

The system parts are represented with many active SIMS respectively. Different SIMS perform 

different functions or different contradictions. It allows them to play a role, execute function 

by combing these SIMS. If nine screen method is standing at the macro perspective, on the 

contrary, SIMS requires that thinkers think and look at things in micro angle. Because the real 

world we live is multi-level, the different conclusions are appeared from different view. 

Importing active SIMS, one person thinking will become many people thinking. It will  be from 

macroscopic thinking into micro thinking. It will be more comprehensive and objective to see 

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

Quality mutual change law of materialist dialectics thought not only the number 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 change. Modern system science thought the 

function of the system related to the structure. TRIZ theory using the method of SIMS, 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 considering the factors 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 changes describes the basic form and type of development, 

namely the quantitative changes and qualitative changes. According to the most basic attributes 

of time, space and cost of material objects, STC operator finds the solution via the dialectical 

relationship between the quantitative changes and qualitative changes. Based on this we know 

that as long 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 transforming and achieves 

solution. 

4.3.4. IFR 

 

The goal of a system is relationship between regularity and periodicity of system development, 

showing the direction of the system development [12]. The ideal final result(IFR) puts practical 

restrictions aside and builds an ideal model with the ideal system, ideal process, ideal resources, 

ideal method, ideal machine, 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 dialectical materialism thought that the world is changing and it look at problems from the 

view of development. Before thinking, the ideal final result (IFR) put aside the reality problem 

of various constraints. The ultimate ideal model is established using the ideal system, process, 

resources, method, machine, material, namely the optimal ideal model to get the ultimate ideal 

results as the pursuit of goals. "The system purpose is the development regularity and the 

unification of the periodic system, and performs certainty of system development direction." 

[19] TRIZ theory confirms the developing direction and goals of technology system by 

technology evolution. In turn, development direction and goals are used to guide thinking. 

4.3.5. Goldfish method 

4.3.6.  

Human initiative 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 process of mutual changes of quality and 

quantity. It separates the practical parts from the impractical solution, causing quantitative 

qualitative changes until the problem solving. Adopting the goldfish method is helpful to 

change the ideal solution into practical solution. Goldfish method makes full use of thinking 

initiative to discover the cause of contradiction, eliminate conflict conditions, and solve the 

contradiction.  

5. Marxist philosophy, the core of TRIZ 

5.1.  Studying TRIZ, studying Marxist philosophy 

Last delineation of TRIZ is made by Genrich Altshuller in the 1980s, including contradiction 

theory, inventive principles, standard solution, technical system evolution rules, ARIZ, 

functional analysis, tailoring, causal chain analysis, and so on[2]. In TRIZ theory, the abstract 

philosophy that is incomprehensible the philosophical concepts and ideas, specific and 

practical becomes specific and practical, and also is a useful tool to solve the problem and 

achieve innovation. TRIZ theoretical system, involving lots of contents, is difficult for people 

to fully understand in a short time [5]. Through the studies and analysis of the philosophical 

theory of TRIZ, especially Marxist 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 pointed out TRIZ is 

still in the process of further development [2]. TRIZ is summed up in the period of Soviet 

Union. Considering the history and times limitation, some content is no longer suitable for the 

https://en.wikipedia.org/wiki/Genrich_Altshuller
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present requests. And it is necessary to improve it [5]. Genrich Altshuller believed that, TRIZ 

is not a completed theory, but a theory to be improved continuously. Now, the world is in the 

third revolution of science and technology. TRIZ theory cannot solve the problems in current 

era of information technology, biotechnology, aerospace science and technology, energy 

revolution and must have innovation and development of TRIZ. 

China's socialist construction based on Marxist philosophy has made a great achievement in 

the field of social science. A series of philosophical thought is formed. The rise of the system 

science and complexity science is increased a lot of new important content of Marxist 

philosophy. It promotes the continuous progress and development of TRIZ theory by the guide 

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 innovation. The development and 

design person needs a set of efficient, scientific innovation theory to guide the daily activities. 

TRIZ, the complete innovation theory system, meets the needs of the modernization 

construction of China. The Marxism philosophy that is a basic theory in China and makes great 

achievement in Chinese construction also makes great progress itself. It can be a unique 

ideological advantage for studying the theory of TRIZ. Marxist philosophy and the TRIZ 

theory are consistent. They can learn from each other, promote each other, and make progress 

together. Learning TRIZ theory need to learn deep Marxist philosophy; Development of TRIZ 

theory, also need to Marxist philosophy thought as the instruction. 

References 

1. T. Nakagawa. Essence of TRIZ. In 50 Words[J/OL].TRIZ Journal,2001(6): http:᷆www.triz-

journal.com/  

2. Yong-wei Sun. TRIZ- The golden key of innovation(13) (in Chinese)[J]. China Appliance 

Technology,2014(4):30-31 

3. Publicity Department of the Communist Party of China. 10 Lessons on Marx Marxist philosophy 

(in Chinese)[M].Xuexi Press House,2013.  

4. Run-hua Tan. TRIZ and application: Process and method of technological innovation (in 

Chinese)[M]. Beijing: Higher Education Press, 2010. 

5. Hui-juan Peng, Si-yuan Cheng, Su-yang Li, Meng-qun xiang. Review on the theoretical system of 

TRIZ (in Chinese)[J]. Machinery Design & Manufacture, 2013(10):270-272 

6. Xin-jun Zhao. Theory of inventive problem-solving and its application (in Chinese)[M]. Beijing: 

Chemical Industry Press,2004:7- 10.  

7. Hao-zong Jin, Practical TRIZ research and Practice (in Chinese)[M]. China Science and 

Technology Press, 2014 

8. Tao Cheng, Who understands TRIZ? - Advices for understanding innovative methods (in 

Chinese)[J], East China Science and Technology, 2008(09):36-37 

9. Xin Chen, Xin-hua He. A discussion on the evolution of TRIZ in the materialistic dialectics (in 

Chinese)[J] Guangxi Social Science2009(6)  

10. Ma Minjin, Ding Fan, Ma Yuzhan. Research on Philosophy Guidance in Formation and 

Development of Innovation Method TRIZ Thiroy{J}.Journal of Heihe University. 2015(1):42-

44 

https://en.wikipedia.org/wiki/Genrich_Altshuller


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

 

55 

 

11. Huang-ye Li. TRIZ-Powerful innovative tools (in Chinese)[J]. Modern Enterprise Education, 

2014(05):75-76. 

12. Liu Xuntao. TRIZ theory and application[M]. Peking University Press. 2011 

13. Ke-zhuang Xu. Research and application of TRIZ theory ϳ (in Chinese)[J] (in Chinese). 

Hangzhou Chemical Industry, 2008, 38(3):1-4. 

14. Zhao Min. TRIZ Introduction and Practice[M].science press.2009 

15. Fan-kun Zeng. A philosophical reflection on solving contradiction (in Chinese)[J]. Journal of 

Guangdong University, 2001, 18(1):72-75. 

16. Hui-juan Peng, Si-yuan Cheng, Su-yang Li, Meng-qun xiang. Review on the theoretical system 

of TRIZ (in Chinese)[J]. Machinery Design & Manufacture, 2013(10):270-272 

17. Hai-jun Li, Xue-yan Ding. Popular Book of Classic TRIZ (in Chinese)[M]. China Science and 

Technology Press, 2009  

18. Hong-sen Wei. System theory - Philosophy of system science (in Chinese)[M]. Tsinghua 

University Press, 1995. 

Communicating Author:  

Li Bo: libo@zzvcom.com 



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

 

56 

 

TRIZ fest-2016 

July 28-30, 2016. Beijing, Peopleôs Republic of China 

 

APPCESSORIES AS NOVEL TYPE OF THE HYBRID 

DEVICES: DESCRIPTION AND TRIZ 

RECOMMENDATIONS FOR DEVELOPMENT  

Valeriy Prushinskiy 

Natural Innovations LLC, West Bloomfield, MI, USA 

Abstract 

Appcessory is 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 components. This 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 trackers, toys, 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 on research of products of successful start-up companies and ñmost fundedò and 

ñmost popularò products in Technology Category of various crowd funding platforms. 

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

 

1. Introduction  

The definition of the word ñappcessoryò may seem very simple: an appcessory is a physical 

object that can interact with an app on your mobile phone or tablet [2]. But in reality the 

appcessory is a very complex category of hybrid devices consisting of at least three 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 Internet of Things (IoT) trend, and their 

development is fueled by both by venture investments and crowd funding. 
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Fig. 1. Venture Capital Investments and Number of the Companies emerged in IoT 

According to predictions [3], the number of registered Internet of Things (IoT) devices will 

exceed that of mobile phones in the next two years. This 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 products are turned 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 answer to this simple question 

is complex. Examples of appcessory products were studied and some of them were chosen 

and described below to explain selected TRIZ trends and make recommendations that can 

be used for development of this type of product.   

2. Selected Examples 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 between physical object 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 controllers. It provides 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 center of the 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 device, so 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) and 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 development of smart phone interfaces. Thatôs why it is obvious that the 

way to trim physical control is to transfer them to smart phone UI.  

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 phone application 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 the Internet 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 lighting. 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 two-in-one light bulb with speakers. Most probably, the hybridization 

problem was how to achieve successful crossing of LED lighting with portable speakers 

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 through a smart phone 

application. 

Key steps to applying the Hybridization approach are: 

- Studying super-system and environment 

- Selecting prospective candidates for hybridization 

- Applying hybridization algorithms (feature transfer, copy-and-paste, 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 not connected due 

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 the battery of appcessory device. Bluetooth LE (Low 

energy) is developed for devices with power constraints and transmits data at regular 

intervals. 

- ZigBee and ZWave. Low-powered radio networks, suitable for battery-powered devices 

and designed for use in home automation. 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 range 10-100 cm. Active RFID with 

own power source has range 10-100 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 to the Internet 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 device. Also, internet 

connection can sometimes be unreliable.  

Returning to the example of the thermostat 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 mimicked 

switches on the screen of the smart phone. However, the Nest thermostat has ñlearningò 

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

of the home manually, so that the user is ñteachingò the system his/her temperature 

preferences and ñhomeò and ñout-of-homeò time by manual increasing and decreasing the 

temperature. The following week, after this ñtraining,ò the thermostat ñlearnsò consumer 

behaviour by collecting the data, and offers the option to turn on ñAuto-Schedule,ò so that 

the device can control the system itself according to the consumerôs previous adjustments. 

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

- Physical switching of device (i.e. manual control of the device) 

- Smart phone application that mimics physical switches  

- Self-controlling (self-learning) system 

2.4 Import of Functions 

One of the directions of evolution of the appcessory devices is importing functions 

performed by other systems. Many appcessory 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 super-systems. For example, an internet-connected 

robotic vacuum cleaner has a camera, and it is able to move around the house. In the 

framework of the smart home as a super system, it is natural for a smart-vacuum cleaner to 

import security functions, so it can provide to the owner access to the video stream of the 

home environment through 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 concept as it exists now 

- List super-systems and their functions 
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- Identify how functions of selected super-system can be carried out by the new 

appcessory system using its sensors and other sub-systems 

- 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 crowd-funding platforms, several trends important for 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 controllability 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 table (fig. 3) can help innovators check the above-mentioned trends during the 

development of their own appcessory products: 

 

Fig. 3. Summary of Selected TRIZ Trends and Recommendations 

 

Follow-up study for revealing of additional sub-trends in development of IoT and appcessory 

products is required, since continuous evolving of regular products toward connected products. 

Also, new sub-trends are regularly appearing due to steady progress of IoT 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 & distribution system 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 does not match 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 losses can be broadly classified into two categories ï technical 

and non-technical. The technical losses are due to energy dissipated in the conductors, 

equipment used for transmission line, transformer, sub-transmission line and distribution line 

and magnetic losses 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 classified 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 energy efficiency, 

sustainable living and reduction in CO2 emission. 

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 the losses. 
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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 energized. Between 1/4 and 1/3 of technical losses on 

distribution networks 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. Open-circuit Losses 

v. Losses caused by continuous load of measuring elements 

vi. Losses caused by continuous load of control elements 

Variable technical losses: 

Between 2/3 and 3/4 of technical (or physical) losses on distribution networks are variable 

Losses. By increasing the cross sectional area of lines and cables for a given load, losses will 

fall. This leads to a direct trade-off 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 losses in 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 system [2][3][4]. Flow analysis was 

employed to categorize the major technical and non-technical losses of T&D into the two types 

of flow disadvantages ï operational flow disadvantage and flow partition disadvantage.  

Operational flow disadvantage are disadvantages relating to the level of function performance. 

They can further be classified as conductivity disadvantages and utilization disadvantages. 

Flow partition disadvantage relate to the type and number of performing functions. They are 

classified as harmful, wasted, inefficient usage of flows. 

 

Table 1. Analysis of flow disadvantages for various T&D losses 

¢ȅǇŜ ƻŦ ƭƻǎǎ ¢ŜŎƘƴƛŎŀƭ ƭƻǎǎ ǘȅǇŜ Cƭƻǿ ŘƛǎŀŘǾŀƴǘŀƎŜ 
5Ŝǘŀƛƭǎ ƻŦ Ŧƭƻǿ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

/ƻǊƻƴŀ ¢ƘŜǊƳŀƭ 

¦ǘƛƭƛȊŀǘƛƻƴ 
ŘƛǎŀŘǾŀƴǘŀƎŜπ 
hǇŜǊŀǘƛƻƴŀƭ Ŧƭƻǿ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

hǘƘŜǊ ƻōƧŜŎǘǎ 
ŘŀƳŀƎŜ Ŧƭƻǿ 

[ŜŀƪŀƎŜ ŎǳǊǊŜƴǘ 9ƭŜŎǘǊƛŎŀƭ 
Cƭƻǿ ǇŀǊǘƛǘƛƻƴ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

²ŀǎǘŜŘ Ŧƭƻǿ 

5ƛŜƭŜŎǘǊƛŎ ƭƻǎǎ ¢ƘŜǊƳŀƭ /ƻƴŘǳŎǘƛǾƛǘȅ 
ŘƛǎŀŘǾŀƴǘŀƎŜπ 

.ƻǘǘƭŜƴŜŎƪ 
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hǇŜǊŀǘƛƻƴŀƭ Ŧƭƻǿ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

[ƻŀŘ ƭƻǎǎŜǎ 9ƭŜŎǘǊƛŎŀƭ 

¦ǘƛƭƛȊŀǘƛƻƴ 
ŘƛǎŀŘǾŀƴǘŀƎŜπ 
hǇŜǊŀǘƛƻƴŀƭ Ŧƭƻǿ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

DǊŀȅ ȊƻƴŜ 

WƻǳƭŜ ƭƻǎǎŜǎ ¢ƘŜǊƳŀƭ 
Cƭƻǿ ǇŀǊǘƛǘƛƻƴ 
ŘƛǎŀŘǾŀƴǘŀƎŜ 

²ŀǎǘŜǊ Ŧƭƻǿ 

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 transfer of electrical 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 in-evidently results in 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 losses. Corona effect in power system is one such loss, 

which has a predominant role in reducing the efficiency of EHV (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 conductors 

(composed of ions) is subjected to di-electric 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 value of around 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 around the 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 

discharge occurring 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 electric field at 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 of system 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% may be achieved 

with a voltage reduction of perhaps 5% [6]. 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 the benefits can justify the effort 

[7]. The overall impact on efficiency would be climate-dependent. Major sources of corona are 

voltage of line, radius of conductors, irregularities on the surface of the conductor, weather 

conditions, spacing between the two conductors, 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 sub-subtrends: 

1. Improve useful flows 

a. Increase conductivity of the flow 

b.  Improve flow utilization 

2. Reduce negative effects of harmful/incidental flows 

a. Reduce the conductivity of the harmful/incidental flow 

b. Reduce the impact of harmful flows 

 

The corona losses, as is clear from the explanation in the previous section, falls under sub-

subtrend 2b ï reduce the impact of harmful flows. The different techniques listed by GEN3 

Partners Inc. as potential paths to reduce the impact 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 

quality of the power transmitted. Another way is to for the 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 resistance in the 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 

between the 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 cross-section of transmission line such that the inner axis of the conductor 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 radius of the conductor. 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 materials can 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 conducting wires can be dispersed with nano-materials of anti-corona materials. 

To account for the reduction in conduction due to presence of anti-corona nano-

dispersoids, radius of the conductor can be increased correspondingly. 

5. Conclusions 

TRIZ based flow analysis was employed to investigate the losses in long distance power 

transmission. Flow analysis was performed to identify the type of losses, technical loss types, 

corresponding flow disadvantages and finally the details of the identified flow disadvantages. 

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 to minimize corona losses in the long 

distance transmission lines. 
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Abstract 

This paper proposes a new 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 who are starting to write 

their first papers for an academic journal. In the workshop, the TRIZ concepts of technical contradiction 

and function analysis were introduced as a tool for supporting clear definition of the studentôs research 

objective and the conclusion. The 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 communicate research 

content and thus save time when writing. 

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

Academic Writing 

1. Introduction  

The ability to effectively communicate oneôs research through publishing in academic journals 

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 research 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 important for 

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 learning, it is evident 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 what they want to 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 writing is the ability to check whether the essence of what they 

want to communicate remains intact when translated to English [1].  

Another essential skill needed even before writing is started is the ability to extract essential 

information from a wide variety of sources (such as from related work). In Japan, many 
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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 supervisor to 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 many students waste 

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

situation becomes worse. 

In this paper the authorôs propose and experiment with a new method employing some TRIZ 

techniques in supporting students in their initial 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 

obtained from the studentôs research work. 

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 fields [2]. These workshops were 

later designed to be completed in a short time frame so as not to burden many of the students 

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 typical structure of an 

academic paper, Clarifying Objective and Conclusion, and using 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 Academic 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 accepted classification 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 form the paragraphs 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 readers to grasp the general content of an academic paper by perusing through the 

topic sentences. 



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

 

69 

 

Fig. 1. Sections and paragraphs in a journal paper 

1.2. Clarification of Objectives and Conclusion 

Without clear guidelines, the authors have noticed that students in Engineering spend more 

time trying to create a simple flowing research story from their research outcomes. To address 

this, this session emphasized a process of writing where the students first create a clear research 

objective and conclusion, which are the two sections that form the core of a journal paper. The 

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 methdology. During the session, the 

participants are asked to describe their research objective and conclusion in one or two 

sentences. The process instructs an inexperienced writer to systematically select the essential 

pieces of information from the clarified objective and conclusion statements and expand into 

an academic paper. The topic sentences for most of paragraphs are also created through this 

process (Fig.2). 

 

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

During this session, the authors noticed that many participants kept struggling to define the 

research objective and the conclusion. Table 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, such as ñto elucidate the mechanism of XXXò, may not 

have been the core research objective but a partial problem found in the experimental 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 conclusion. And 

conclusions derived from such misstated objectives tend to miss the point and limited the 

studentôs ability to create a logical flow when attempting to write the conclusion. 

 

║Background 

║Objective  

║Methodology 

║Results  

║Analysis 

║Conclusion 

Title 

Abstract 

Sections 

Paragraphs 
Topic sentence 

Supporting sentences 

║Social background 

║Technical problems in 

previous works Conclusion 

 

Research objective 

║Methodology 

║Results  

║Analysis 

Introduction 
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Table 1 

Typical research objectives and conclusions 

Research objective Conclusion 

The objective of my research is to develop 

XXX.  

XXX was successfully developed. 

My research is aiming to elucidate the 

mechanism of XXX. 

The mechanism of XXX was elucidated. 

The goal of my research is to seek the 

possibility of XXX. 

XXX may be possible. 

This research is aiming to find effective 

methodology for XXX 

Effective methodology for XXX was found. 

 

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

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

of correctness, clearness and conciseness in technical English sentences. This method is 

popular among Japanese technical English translators. Japanese people prefer excessive use of 

difficult vocabulary and passive tenses in longer sentences which could be a result of the 

English education method in Japan. Though the technique 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 students trying to write technical papers while armed 

only with the grammatical knowledge taught in high school.  

3. Application of TRIZ concepts in Research Communication 

The authorsô past workshops received positive feedback from the participating students. 

However, the authors noticed that there was a need to develop other 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 based on solving technical contradiction [4]. 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 section introduces a 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 authors designed this activity with the belief that recognizing contradiction 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 steps with the handouts shown in Fig. 

3-5. 

Step 1: The first step of the activity (Fig.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 to be similar to those shown in Table.1. Focusing on the 

purpose of the technology being developed clarifies the question. 
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Fig. 3. Writing research objective 

Step 2: In the second step of this activity, the participants 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 parameter they selected. This activity encourages the 

participants to notice a contradiction their research is trying to overcome. 

 
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 words in their 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. 

1. What is the purpose of the technology being developed in your research?  

Write it with a few sentences. 

 

2. Select a parameter which you are trying to improve through your research. 

Then, select another parameter which gets worse when you improve the above 

parameter 

1, Weight of a moving object 14, Strength 27, Reliability 

2, Weight of a stationary 

object 

15, Time of action of a 

moving object 

28, Measurement accuracy 

3, Length of a moving object 16, Time of action by a 

stationary object 

29, Manufacturing accuracy 

4, Length of a stationary 

object 

17, Temperature 30, Harmful factors acting on 

an object from outside 

5, Area of a moving object 18, Brightness  31, Harmful factors 

developed by an object 

6, Area of a stationary object 19, Energy spent by a moving 

object 

32, Manufacturability 

7, Volume of a moving object 20, Energy spent by a 

stationary object 

33, Convenience of use 

8, Volume of a stationary 

object 

21, Power  34, Reparability 

9, Speed 22, Loss of energy 35, Adaptability 

10, Force 23, Loss of a substance 36, Device complexity 

11, Tension/Pressure 24, Loss of information 37, Control complexity 

12, Shape 25, Loss of time 38, Level of automation 

13, Stability of composition 26, Amount of substance 39, Productivity 
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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 participantsô research. Although this is used in TRIZ to find conflicts present 

in a technological system [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 components in their 

research with simple combinations of subject-verb-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 the solutions 

proposed in their research (New System). Fig.6 shows a part of handout for the activity with a 

simple example of Earthquake proofing system for buildings. 

 

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.) 

gets worse. 

In order to improve  

 

gets worse. 

In order to improve  

 

But 
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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 questionnaire taken after the pilot activity, 7 in 10 participants 

answered they noticed new contradictions in their research through this activity. In addition, 8 

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

it easier for them 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 these workshops, and the authorsô believe that this new method was 

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 communication of research. 

List the components included in your research for both conventional 

system and new system which you are going to propose through your 

research. 

Conventional system New system 

Ground Ground 

Building Building 

Shaking Rubber bearing 

 Shaking 

  

  

 

Draw a function analysis model of the conventional system of your 

research. 

Draw a function analysis model of conventional system of your research. 
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5. Conclusion 

The ability to communicate research work through effective academic writing is an important 

skill for university students to publish work in academic journals. In cases where students have 

little opportunity to adequately improve their English writing skills, a new strategy to support 

studentsô technical writing is needed.  This paper demonstrated a new application of TRIZ as 

a tool for supporting clear definition of the studentôs research objective and the conclusion. The 

TRIZ concepts of solving contradiction based on the 39 parameters were used in organizing 

the multitude of information a student needs to sort during their research activities. Function 

analysis was also used to clarify the technical key point of participantsô research. While this 

new method is still in initial development stage, the authorsô received positive responses from 

participants of the preliminary workshop. This workshop served a strong motivation for the 

students to rethink their approach of communicating their research findings. 
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Abstract 

This paper analyses the process which affect the production efficiency in the process of production 

process based on a company about the advanced manufacturing system. It uses conflict theories of TOC 

and TRIZ to confirm the existing conflicts in the optimization of advanced manufacturing systems. The 

aim of this paper is in search of ideal solutions based on the 40 principles of TRIZ and then confirms 

the optimization scheme of advanced manufacturing systems. So as to increase productivity, reduce 

costs and improve the competitiveness of enterprises. 

 

Keywords: TRIZ; Advanced manufacturing system; TOC 

 

1. Introduction  

  
With the development of market economy and global economic integration, enterprises are 

confronted with fierce competition increasingly. Due to the rapid development of science and 

technology and increased competition in the market at home and abroad, enterprises pay more 

attention on the management of their manufacturing process and continue to explore effective 

process management to improve their competitiveness and viability. TRIZ and TOC theories 

provide a favorable solving idea to discover and solve conflicts in the process management of 

enterprisesô advanced manufacturing system. 

 

2. Advanced manufacturing system 

 
Manufacturing industry is the pillar industry of the country, while manufacturing technology 

is necessary to support the manufacturing production, improve labor efficiency, reduce costs, 

meet environmentally friendly production and guarantee quality. It is also the source energy 

for the sustainable development of the national economy. Advanced manufacturing systems 

theory originated from the western developed countries which is the summary of their 

manufacturing production activities and management methodology. Itôs the achievements of 

modern science and technology , and also owing to the development of modern 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 environment. It will 

get good social benefits through using advanced manufacturing technology, advanced 

manufacturing mode and coordinated operation.[1] 
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With the development of manufacturing technology many AMS are appeared, such as FMS 

(flexible Manufacturing Systems), CIMSComputer Integrated Manufacturing System, 

AM(Agile Manufacturing), LP(lean production), CE(Concurrent Engineering), IM(intelligent 

manufacturing), Reengineering, and so on. All of them have the same characteristics of 

flexibility, integration, intelligent and networked.  Their common goals are to 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 needs.  

 

3. TRIZ and TOC  

 

3.1 TRIZ 

 
TRIZ (a Russian acronym) is a theory which means to solve the problem of invention and 

innovation. It is originated from the Soviet Union, and be translated in English as the Theory 

of Inventive Problem Solving which abbreviated as TIPS. Based on the world famous patent, 

G.S. Altshuller gets some principles of inventions to eliminate the conflict and establishes a 

knowledge-based logic method to eliminate conflicts. These methods contain 40 inventive 

principles, ARIZ (Algorithm for Inventive Problem Solving), 76 TRIZ standard Inventive 

Solutions, Substance-- Field analyses, the effect, and so on. 

With the further research of TRIZ, its basic ideas and tools have been applied in the areas of 

process management. Companies tend to use TRIZ to analyze various problems in the 

production process and develop programs to improve the technical. However, they havenôt got 

a good effect because there are too many technologies improvement programs to identify the 

priority for the employees. 

 

 

Fig 3.1. General methods of TRIZ to solve invention problem[2] 
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3.2 TOC  

 
TOC is a collection of management philosophy and thinking tool which is originally originated 

from OPT Which first refers to optimized production timetables and then refers to optimized 

production technology. OPT was co-founded by Dr. Goldratt and other three Israelis. They 

brought it to American in the latter half of 1979 and then established Creative Output Company 

where the TOC has been known by people today ten years later. He first proposed the TOC in 

the book The Goal which published in 1984[3]. Wang Yurong, a TOC expert, made an in-depth 

and extensive research on this theory. She provided a relatively perfect definition for it that 

TOC is a set of advanced management concepts concerning how to improve and implement 

the improvement best.[4] TOC also developed a logical, systematic problem solving method--

TP (thinking processes) while more people began to know it. TOC thinking  Process includes 

CRT (current reality tree), CRD (contradiction resolution diagram), FRT (future reality tree), 

PT (prerequisite tree) and TT (transition Tree). These five logical charts are established on the 

basis of sufficient logic and necessary logic which guide designers to follow a five-steps 

solution of structural problems. The five-step solution is identify problems, establish the 

solution, decide obstacles that need to be solved and implement solutions. This paper will 

confirm the conflicts in the AMS with CRT and CRD. 

CRT, which is established on sufficient logic, describes the reality of a given system. It reflects 

the causation chain of a given system under certain circumstances, and concludes the root cause 

from the obviously existing problem in the system. Current establishment of reality tree starts 

from ñrootsò, and develops to ñtrunkò and ñbranchesò till ñleavesò. ñRootsò are the fundamental 

issues. ñTrunkò and ñbranchesò are intermediate results. ñLeavesò are the final results. Current 

reality tree answers the first question raised by the system that what should be changed. 

 

 

 
 

Fig 3.2. Structural draw of current reality tree[5] 
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CRD, also called ñSteam Cloudò, is established on the basis of necessary logic which can 

display all the elements in the environment and then determine the conflict and find solutions 

to solve problems. It can be used to determine the existence of a conflict, identify the main 

problems leading to the conflict, analyze reasons for problems, determine a win-win solution 

and confirm all settings existing between the problems and conflicts.  

 

 
 

Fig 3.3. Conflict-resolving chart[6] 

 

CRD, the ñSteam Cloudò, generally has a fixed expression format which including one 

objective, two basic requirements and two preconditions, as shown in Figure 3.3. In order to 

achieve the objectives A, it must have the basic requirements B; In order to achieve the 

objectives B, it must have the preconditions D. Meanwhile, in order to achieve the objectives 

A, it must have the basic requirements C. In order to achieve the objectives C, it must have the 

specific preconditions Dô. There is a conflict between preconditions D and Dô, which causes 

the target A difficult to achieve. Generally speaking, the conflict between precondition D and 

Dô is the bottlenecks that restrict the performance improvement of technology systems, 

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

TOC can be used as a process management method which on the basis of bottleneck capacity. 

The method, which breaks through the limitations of traditional process management, starts 

from breaking business process bottlenecks. Then it discovers and solves new constraint links 

to improve the entire system continually. TOC is an extremely effective theory which has a set 

of methods and practical tools for solving specific problems and technological conflicts. One 

of the most important contributions is to guide company to concentrate its limited resources on 

the most critical areas and maximize the efficiency of enterprises.[7] Many companies of the 

fortune 500such as 3M, Amazon, Boeing, Delta Airline, Ford Motor Company, GE, General 

Motors, Lucent Technologies and so on, applied TOC technology in their process management 

and had got significant improvements. 

 

3.3 Design 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 and identifying the contradiction in the process improvement. Based on the study 

achievements mentioned above, we build the process improvement plans according to TOC 

and TRIZ. There are five steps as shown in Figure 3.4. 
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Fig 3.4. Process improvement plans on the basis of TOC and TRIZ 

 

Step 1: Analyzing current situation of existing processes. Using CRT to draw the function tree 

of process. Setting up the function tree of current process. 

Step 2: Building CRD of the process. Analyzing the basic requirements and preconditions of 

the process. Determining contradictions.  

Step 3: Setting up process improvement program to solve contradictions. As for the 

contradiction concluded by the results of CRD analysis. Setting up the process improvement 

program if it can be solved by current technological tools. If it canôt be solved, it will be 

considered by TRIZ to solve the contradiction creatively. 

Step 4: Using contradiction analysis tool and method of TRIZ to get new contradiction solution. 

For all those unsolvable contradictions that proposed by CRD, repeating this step until all the 

contradictions are solved. 

Step 5: Evaluating contradiction solutions and choosing the best process improvement. 
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4. Case analyses 

 

4.1 Background 

 
The case is about guard decrease and weight loss program of A type guard assemble process at 

the background of S companyôs advanced manufacturing systems during the process of lean 

production. The core idea of lean production is eliminating waste, streamlining the organization 

and continuous improvement. Its purpose is to getting maximum output with minimum 

investment by the way of improving technological to eliminate invalid labor and waste, cutting 

costs, and so on. The A type guard includes two parts: the left fender and the right fender, as 

shown in Figure 4.1. The left fender which is 84KG weight comprises a welding curved plate, 

decorative panels and left-sliding doors. The right fender with the weight of 102KG comprises 

a cabling channel, a curved welding plate, right-sliding doors, a CRT box and decorative 

panels. Such a large weight brings serious difficulties to assembly workers and also affects the 

efficiency of the assembly. 

 

 

 

 

 
 

Fig 4.1. The current situation of A type guard assembly 

 

4.2 Conflicts Analysis of existing process improvement  

 
Through the assembly process analysis of A type guard, we can see that two basic requirements 

must be satisfied if we want to make fenders easy to assemble and maintained to improve 

assembly efficiency: B and C must be filled. That is to say, the fender must be light but also 

maintain a certain strength and weight in order to work properly. In order to fulfill these two 

basic requirements, there are two preconditions must be satisfied: D and Dô. But D and Dô 

conditions have a conflict about reducing the weight of components which is shown in Fig4.2. 

In order to figure out the nature of the conflict, We need to describe and analyze the existing 

conflict in CRD sufficiently and then use effective tools to resolve the conflict. The descriptions 

of CRD are as follows: 

 

(1) In order to achieve A condition, B condition is necessary. In order to achieve the basic 

requirement that reducing fendersô weight, the precondition of D condition must be 

achieved. 

(2) In order to achieve A condition, C condition is necessary. In order to achieve the basic 

requirement C condition, the  precondition of  Dô must be achieved. 

Right guard includes 

trucking, welding 

curved plate, right -

sliding door, CRT 

boxes, decorative 

plates and other 

protective. 

Left guard plate comprises a 

curved plate welding, decorative 

panels, left-sliding doors, etc. 
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(3) On the one hand it needs D condition, on the other hand it needs Dô. These two requirements 

are mutually exclusive for they cannot be achieved at the same time. So there is a physical 

conflict between them. 

(4) D condition harms C condition. 

(5) Dô condition harms A condition. 

 

 
 

Fig 4.2. CRD analysis of A type guard 

 

4.3 Using TRIZ to analyze and resolve the conflict 
 

As shown in fig 4.2, there is a technical conflict between B condition and C condition, and also 

a physical conflict between D condition and Dô condition. The Conflict Matrix of TRIZ may 

solve the conflict existing in the process of CAD. We may use some of the 39 engineering 

parameters to describe this phenomenon. These parameters are No.13-structure stability and 

No.14-trength. Using these two engineering parameters in conflict matrix of TRIZ , we can get 

two recommended inventive, principle 5 and principle 6. As shown in Table 4.1. 

 

Table 4.1 Analysis of the conflict and solving principle 
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Invention Principle No.5̆No.6 

Solve problems using 

the Invention Principle 

 

No.5: Combining Principle. Similar objects in space will be 

linked together to perform parallel operations. 

No6: Multi-functionality Principle. 

Making an object or system perform multiple functions so as 

to eliminate the need for other parts. 
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4.3 Using TRIZ inventive principle to design improvement plan 

 
On the premise of guarantee the strength and the original function,  we use inventive principle 

5 and 6 to combine different parts and to implement integrated design. As shown in Figure 4.3 

and Table 4.2: the left fender combines the decorative panels with the curved plate and left-

sliding doors. It reduces its weight from 84KG to 68KG. As shown in Figure 4.4 and Table 

4.3, the right fender combines the curved plate with the CRT boxes, decorative panels, and the 

right-sliding doors. Four parts are combined into one. The weight changed from 102KG to 

87KG by reducing the stiffener and using hollow out design. In the practical application, this 

modified plan has a good effect on shortening the assembling period and quality improving. 

 

      
The original weight is 84 kg          The modified weight is 68kg 

 
Fig 4.3. Comparison of left fender before and after the improvement 

 

Table 4.2 Comparison of left fender before and after the improvement 

Parts before the improvement Parts after the improvement 

curved plate 

left-sliding doors left-sliding doors 

decorative panels 

  
The original weight is 102kg The modified weight is 87kg 

 

Fig 4.4. Comparison of right fender before and after the improvement 

 
Table 4.3 Comparison of right fender before and after the improvement 

Parts before the improvement Parts after the improvement 

curved plate 

right-sliding doors 
right-sliding doors 

CRT box 

decorative panels 
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Fig 4.5.A type guard after improvement 

 

 

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 in the process 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 while TRIZ can provide various 

methods and tools to break bottleneck and to solve conflicts. Combining TOC with 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 model is utilized to describe and represent systems engineering process. 

After analyzing the advantages and disadvantages of classical Hall's systems engineering model and the 

evolution of systems engineering process models from TRIZ perspective, this paper proposes the PERA 

three-dimensional lean R&D systems engineering abstract model framework based on the 

enhancements and extensions to Hall's systems engineering model. The application of the proposed 

abstract model framework and its instantiation are also discussed from TRIZ perspective. 

Keywords: TRIZ, systems engineering, process model 

1. Introduction 

For quite some time, people have made the mistake of thinking product design activities occur 

only in the early stages of the product life cycle, such as conceptual design and detailed design; 

manufacturing activities occur only in the mid-stage of the product life cycle, i.e. 

manufacturing and production phases. However, the reality is that the design and 

manufacturing activities, especially design activities, can take place throughout the entire 

product life cycle, not just a stage of it. The reason for the misunderstanding is the confusion 

between the artifacts' cradle-to-grave maturity growing up process and the problem solving 

thinking process of all stakeholders of the product life cycle, and the simplistic view of the 

product life cycle as one-dimensional linear sequential activities along time-axis. 

In fact, as early as in the 1960s, along with systems engineering in the successful practice of 

many major projects, the industry and academia of the United States summed up the systems 

engineering practice and proposed later well-known Hard System Methodology which has 

several important indicators: Arthur D. Hall published the book "A Methodology for Systems 

Engineering" in 1962;  then he proposed a three-dimensional morphological model[1] for 

systems engineering in 1969; finally the systems engineering standard based on the Hall Model, 

MIL -STD-499A, was released in 1974. 

In TRIZCON2009 the author[2] proposed an enhancement to Hall's model and introduced 

DIKW (data-information-knowledge-wisdom) hierarchy into the knowledge dimension in 

order to analyzes Computer Aided Innovation process and identify the interactions among 

R&D staff, technical systems, and the cognition results of the product life cycle from the 

systems engineering perspective. This paper continues to propose a new three-dimensional 
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systems engineering framework based on Hall's model and analyzes the evolution of systems 

engineering process models from TRIZ perspective. 

2. Traditional Systems Engineering Process Model by A. D. Hall 

Hall's model (see Fig. 1) emphasizes the need of regarding systems engineering as a practical 

program of problem solving and separate the system life cycle stages and problem solving 

logical steps into two dimensions with morphological analysis, therefore the above 

misconception is clarified and eliminated. The knowledge dimension of Hall's model lists eight 

professions following the decreasing order of the degree of formal or mathematical structure. 

These professions are the application areas of the two-dimensional systems engineering 

activities matrix consisting of the logic dimension and the time dimension.[1] 

 

Fig. 1. Three-dimensional morphological model for systems engineering[1] 

The biggest advantage of Hall's model is the strictly separated thinking about systems 

engineering process with the dimension of problem solving by individuals and organizations 

(i.e. the logic dimension) and the dimension of artifact systems maturity growing up (i.e. the 

time dimension). That means the one-dimensional linear product R&D process is added with a 

new dimension and becomes a two-dimensional plane. The No. 17 inventive principle of TRIZ, 

Change Over to Another Dimension, says that adding a new dimension means a brand new 

perspective or totally change of viewpoint to the problem or system-of-interest, and new 

available space resources or characteristics and emerging opportunities for problem solving or 

systems value adding. The new added dimension is not from nowhere, but a response to the 

progresses of sci-tech in the middle of last century that expands human being's 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, the evolution of the system of product R&D processes 

and PLM processes models should be consistent with the Trends of Technical Systems 

Evolution in TRIZ. For example, When the Trend of Harmonization of Rhythms is applied to 

the system, it means that the understanding and abstraction of product R&D and PLM processes 

tend to harmonize rhythms of their components (i.e. the models) and with their supersystems 

(i.e. the engineering practice of product R&D and PLM, enterprise R&D system development, 

and the environment of new sci-tech and industry revolution) during evolution. The 

morphological analysis in Hall's model transforms the systems engineering process model from 

one-dimensional to two-dimensional, and then to three-dimensional. It exactly reflects the Line 

of Geometric Shapes Evolution (point->Line->surface->body) under the Trend of 

Harmonization of Rhythms, coordinating the interactions 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 supersystem environment. 

The biggest problem of Hall's model lies in its knowledge dimension. For example, most 

Chinese interpretation of this dimension is a list of arbitrary disciplines and completely changes 

its original meaning, therefore the arrows of this dimension loses both its business meaning 

and model inherent characteristics, such as abstract, seriousness and universality. Furthermore 

the position and role of the three dimensions of Hall's model are different, the logic dimension 

and the time dimension which form the two-dimensional systems engineering activities matrix 

are the foundation of Hall's model, and the various professions or disciplines in the knowledge 

dimension are only certain application areas of the matrix. 

Even the arrow of knowledge dimension of the original Hall's model is meaningful and the 

three dimensions can be detailed with more professions, subdivide phases and steps 

respectively according to user's own viewpoint, whatever a profession in the knowledge 

dimension is whether an application of the matrix or the collection of knowledge and 

technologies supporting to complete systems engineering process, a point in Hall's  model 

three-dimensional space can only be a guide of a phase and a step applied to a profession or a 

certain knowledge subject areas in textbooks, whose forms are only paper-based or electronic 

documents. It greatly reduces instructive and practical operation value of the  knowledge 

dimension comparing to the other two dimensions. It means that although traditional systems 

engineering approach represented by Hall's model was successful in aerospace and defense 

industries in the United States, western Europe, and China in the last century, it has been facing 

enormous challenges since the turn of the century and nowadays. The rapid development of 

information technology has greatly increased the complexity of the various artificial systems, 

revolutionized human warfare patterns and lifestyles. Document-centric Hall's model and 

traditional systems engineering approach is not able to handle the complexity anymore. 

Facing these challenges (demand-pull and technology push), as the approach applying systems 

thinking, principles and methods to solve complex problems and ensure that people do the right 

things and do complex things right, systems engineering must change with the times and 

demands, abandon the outdatedness of traditional methods, create new paradigms, and 

transform Hall's model to the next level in accordance with the Trends and Lines of Technical 

Systems Evolution towards the re-coordination with the supersystem environment of new sci-

tech and industry revolution. Many advanced technologies pilot projects in EU and the United 

States are moving such a coordinated effort to match projects propose and demonstrate a new 

model-based paradigm. In the new paradigm most errors are nipped in the bud, there is no 
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rework, most of the physical test is replaced with digitized simulation instead. And its R&D 

efficiency increases dozens of times more than traditional systems engineering approach. 

Why does the new model-based paradigm have so much power and potential to transform Hall's 

model to next step of evolutionary transition and break the impasse of complexity? It is 

necessary to analyze not only the shortcomings of Hall's model, but also the defects of 

document-centric paradigm and the new features of model-based paradigm, and then propose 

the enhancements to Hall's model. 

3. New 3D Framework of Systems Engineering Process Model by PERA 

In the 1990s the popularity of the PC and the application of office software achieve the 

transition from paper-based documents to electronic ones and facilitate document storage, copy 

and modification, but those inherent defects of the document-centric paradigm, such as 

semantic ambiguity, static property of text representation, non-association between documents, 

has not been changed. For the dynamic management of thousands of requirements and 100,000 

of the interfaces between subsystems and components, document-centric paradigm is still 

powerless. 

IT tools, especially CAx tools, greatly improve R&D efficiency only for specific domains. The 

interactions between professional domains, subsystems, the phases are still document-centric 

and based on the throw-over-the-wall mode. Due to the lack of information modeling and 

collaboration means to support complex products and systems decomposition and 

transformation from requirements into functions, to track the changes of requirements and 

designs, to quantitatively represent the interfaces and design solutions involving 

multidisciplinary and system elements interactions with the exponential growth, trade-off and 

optimization, communication and  decision making, verification and validation (V&V)  of 

designs solutions to stakeholder requirements, the document-centric mode results in a large 

amount of quality problems and hidden troubles needing tinkering and reinventing the wheel 

during verification, integration and operation stages. 

At the turn of the century, with the emerging and application of SysML, STEP, Modelica, FMI 

(Functional Mock-up Interface), etc. a series of information modeling, system modeling, 

system simulation standards and MBSE, PLM tools and platforms, systems engineering starts 

its transformation from document-centric paradigm to model-based paradigm to overcome 

above shortcomings because of the consistency, traceability, verifiability, dynamic relevance 

along the entire life cycle of the model. Then the fence grid resulting from Hall's model two-

dimensional systems engineering activities matrix and the throw-over-the-wall R&D mode is 

expanded to a 3D collaborative space across the entire system life cycle, all systems 

engineering technical processes and enterprise intellectual assets whole value chain. 
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Fig. 2. PERA three-dimensional lean R&D systems engineering abstract model framework 

In order to cope with the transformation of systems engineering, by applying the Change-Over-

to-Another-Dimension inventive principle and Line of Geometric Shapes Evolution, the author 

makes certain modifications, extensions and abstractions to Hall's model, including  changing 

the name of knowledge dimension to cognition dimension, time dimension to system 

dimension, introducing DIKW hierarchy into the knowledge dimension, introducing the 

meaning of time into all three dimensions, so that the arrows of all three dimensions have actual 

business meaning, and propose the PERA three-dimensional lean R&D systems engineering 

abstract model framework (see Fig. 2), details as follows. 

 (1) The replacement of knowledge dimension by cognition dimension. 

This change adds new business meaning and value to the third dimension of Hall's model. The 

DIKW cognition dimension represents the value-added order of the intellectual hierarchy of 

individuals and organizations, reflects the cognitive processes of subjective world transforming 

the objective world, including both the generation, conversion, transition and management of 

DIKW during artifact systems life-cycle and the application of existing DIKW within the 

organization to the artifact systems life-cycle, which cover both the application scenarios of 

original Hall's model knowledge dimension and the Chinese misinterpretation of this 

dimension. Therefore, the paper- and document- based knowledge dimension of Hall's model 

becomes a plane in the cognition dimension of the new model. The new cognition dimension 

can record the cognitive processes and results of the subjective world understanding and 

transforming the objective world. With deepening the understanding of individuals and 

organizations to artifact systems, the accumulated cognition flow 

(data->information->knowledge->wisdom) is exactly the subject of enterprise R&D capability 

development system. The new cognition dimension is the dimension of matter and business. 

The IT platforms of PDM/PLM, knowledge management/knowledge engineering, technology 

management belong to this dimension. This new dimension responses the latest progress of 

sci-tech and industry revolution such as industry 4.0 and the deep integration of 

industrialization and informationization promoted by the China government with the support 

and promotion of industrialization by new IT such as big data, cloud computing, IoT etc., deal 

with the increasing complexity challenges of large scale cyber-physical system, and introduce 
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the R&D organization capability development and its maturity growing-up process into the 

system of complex products and systems R&D. 

When reviewing this change from other Trends of Technical Systems Evolution perspective, 

we can obtain more useful enlightenment. For example, from the Trend of System 

Completeness and the Trend of Energy Conductivity point of view, the DIKW cognition 

dimension supplement the system of product R&D processes and PLM processes models with 

the Control Unit and the Measurement Unit, and support the representation and implementation 

of eight technical management processes (i.e. project planning, project assessment and control, 

decision management, risk management, configuration management, information management, 

measurement, and quality assurance) and six organizational project-enabling processes (i.e. life 

cycle model management, infrastructure management, portfolio management, human resource 

management, quality management, and knowledge management) of systems engineering[4]. 

The working media of traditional systems engineering process based on Hall's model is the 

document which cannot play the Control Function and the Measurement Function on the 

systems engineering process and need full involvement of people. Under the new paradigm 

based on the PERA three-dimensional lean R&D systems engineering abstract model 

framework, model is the new working media with much less involvement of people, reworking 

is substantially reduced and communication efficiency and effectiveness become much higher 

and thus the information/energy transmission loss is significantly reduced. The system of 

product R&D processes and PLM processes models can perform part of Control Function and 

Measurement Function with its own components. In order to further improve the 

information/energy transfer efficiency, reduce the loss of communication of interdisciplinary 

models, format conversion, interoperable information/energy conversion, the efforts of 

utilizing one single form of information/energy field across the entire product life-cycle and 

systems engineering processes are emerging, such as STEP/PLCS standards, ontology 

engineering, architecture-centric model management, product data collaboration center and 

model bus, etc. The fact of reducing human involvement and changing the working media of 

systems engineering process from document to model also fits the Line of Replacing Difficult  

Controlled Field with an Easily Controlled One. 

(2) Rename time dimension with system dimension. 

The new system dimension focuses on the evolution of artifact systems (such as technologies 

and products which are objects being understood and transformed by the subjective world) with  

maturity growing up. The new system dimension is the dimension of objects. 

(3) Abstract original seven steps in the old logical dimension into four domains, i.e. 

requirement (or problem), solution, verification and validation, and physical domain. 

The new logic dimension describes the problem solving thinking process of the subjective 

world based on the systems engineering technical processes. The new logic dimension is the 

dimension of human thinking. CAx applications and other IT tools are the extension of the 

abilities of human and organizational thinking and problem solving. 

(4) The PERA three-dimensional lean R&D Systems Engineering abstract model framework 

can be customized and instantiated according to the fractal and classified characteristics of the 

three dimensions and then provide human-objects-matters systems engineering model 

framework to specific business scenarios. 
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Fig.3. a PERA three-dimensional lean R&D systems engineering model instance 

The four abstract system life cycle stages in the system dimension can be customized and 

instantiated to different system hierarchy level, such as system-of-systems, system, subsystem, 

and components, etc. and different R&D scenarios, such as technology R&D, product R&D, 

or both technology R&D and product R&D (see Fig. 3), and even architectural design and 

intelligent city planning and design. 

In the logic dimension, it is the core question that what model is utilized to describe and 

represent systems engineering technical process. The waterfall model (by Dr. Win Royce, 

1969), the spiral model (by Dr. Barry Boehm, 1983), Vee model (late 1980s), the feedback 

model (in Systems Engineering Management Guide, DSMC, 1990), the elliptical model (in 

MIL -STD- 499B, 1994), the circulation models (by Walter Hammond, 1999), the dual Vee 

model (by Kevin Forsberg and Harold Mooz, 2006)[5], as well as TRIZ inventive problem 

solving processes are all problem solving instance models in the logic dimension. The Vee 

model has a milestone significance. It is not just a bent waterfall model or serial development 

process. According to the Change-Over-to-Another-Dimension inventive principle, adding a 

new dimension means a brand new perspective to the problem or system-of-interest. The shape 

of Vee provides an accurate representation of the thinking process evolution from system 

decomposition to system integration and visualizes the systems engineering technical process, 

which makes it easy to manage. 
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Fig.4. Architecture and entity Vees intersecting in dual Vee model[5] 

The evolution of systems engineering process model from the MIL-STD-499B elliptical model 

to 2D Vee model and then to 3D dual Vee model with the consideration of concurrent 

development of system architecture and system elements entities reflects the Trend of 

Transition to Super-system of TRIZ, which makes the systems engineering process model to 

achieve quite a high maturity level. Besides the recursive application of the architecture Vee 

and entity Vees in along different system levels (see Fig. 4), dual Vee model can be customized 

and instantiated to those system characteristics, such as reliability, safety, supportability, etc., 

to those R&D scenarios, such as new product design, existing product improvement, failure 

diagnosis and troubleshooting, and to those software development mode, such as evolutionary 

development and incremental development. 

In the cognition dimension, DIKW framework, methods and tools can be applied by different 

levels of the organizational structure, eight technical management processes and six 

organizational project-enabling processes of systems engineering mentioned above, and DIKW 

integration, analysis, mining, visualization scenarios such as engineering massive data, 

industry big data, internet big data, product model information management and collaboration, 

knowledge management, knowledge engineering, business intelligence and so on. 

(5) The Measurement Units of PERA three-dimensional lean R&D systems engineering model 

instances are those capability maturity models for the three dimensions. CMMI is the enterprise 

process capability assessment model, in which the technology processes can be applied to 

upgrade the logic dimension capability maturity and technical management processes can be 

used to enhance the cognition dimension capability maturity. People-CMMI is the 

individuals/organization capability maturity evaluation model, which can be applied to upgrade 

human resource management capability maturity in the cognition dimension. TRL 

(Technology Readiness Level), IRL (Integration Readiness Level), SRL (System Readiness 

Level), and MRL (Manufacturing Readiness Level) are technology and product capability 

maturity evaluation model instances in the system dimension. 

(6) Deeper application of the PERA three-dimensional lean R&D systems engineering model 

framework and instances is to analyze the interaction details between each two dimensions, 
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especially between the cognition dimension and the system dimension and between  the 

cognition dimension and the logic dimension, and thus providing input for specific scenarios 

three-dimensional space modeling of business requirements and business logic. 

4. Conclusions 

After analyzing the advantages and disadvantages of classical Hall's systems engineering 

model and the evolution of systems engineering process models from TRIZ perspective, this 

paper proposes the PERA three-dimensional lean R&D systems engineering abstract model 

framework based on the enhancements and extensions to Hall's systems engineering model. 

The application of the proposed abstract model framework and its instantiation are also 

discussed from TRIZ perspective. 

TRIZ and Systems Engineering share certain inherent consistencies because the two 

methodologies focus on problem solving both. They could complement each other very well. 

Each methodology should earn benefits when being reviewed from the other perspective. It is 

necessary to increase the communication and share inspiration between the two communities. 
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Abstract 

TRIZ is already very sophisticatedly developed in solving technical problems. However, more and more 

companies and researchers are exploring how to use TRIZ to develop product concept. There are few 

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 specifically, 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 problems. The traditional 

application field of TRIZ is technical problems, and the commonly 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 practitioners 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 is related with technology, itôs far more than just 

technology.  TRIZ experts have used the so called ñopportunity identificationò tools to generate 

new product ideas and concepts. Some of the commonly used tools include Engineering 

Evolution Trends, Problem Hierarchy, Ideal Final Result, and 9/12 Windows analysis, etc. All 

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 date. Main Parameter of Value (MPV) 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, and different people 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 value, functionality and MPVs. 
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2. Main Function, MPV and Kano model. 

Main function defines 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 that the parameters 

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 function. By 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 and accepted, 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 wonôt be MPV anymore.  

So, there is no clear-cut criteria for determining MPV, and sometimes MPV is not obvious. Itôs 

changing along the time. In the S-Curve, MPV is a little different in different stages. As shown 

in the below figure, MPV is increasing along with time in Stage I & Stage II. However, in Stage 

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

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

the current MPV is not that important anymore. 

 

Fig. 1. S-Curve and MPV 

How should we determine the MPV? As MPV is the main parameters that determines the 

values for customer, Kano model may provide some hint. Kano model is a tool about customer 

satisfaction developed in the 1980s by Professor Noriaki Kano [3], which classifies customer 

preferences into different categories based on how they are perceived by customers and their 

effect on customer satisfaction. The main three types of customer preferences include Basic, 

Performance and Excitement. Basic attributes are the expected attributes or ñmustsò of a 

product, and do not provide an opportunity for product differentiation. Performance attributes 

are those for which more is generally better, and will improve customer satisfaction. 
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Conversely, an absent or weak performance attribute reduces customer satisfaction. Excitement 

attributes are unspoken and unexpected by customers but can result in high levels of customer 

satisfaction, however their absence does not lead to dissatisfaction. Excitement attributes often 

satisfy latent needs ï real needs of which customers are currently unaware.  

 

Fig. 2. Kano Model 

Source: Noriaki Kano, 1984[3] 

Professor Noriaki 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 donôt pay attention to. 

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 improving the MPV of a product and itôs a performance attribute, and along with the 

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 navigation system, 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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Fig. 3. Kano Model: Changes over time 

Source: Zultner, R. E, 2006 [4] 

3. Perceived Value-Function-Parameter 

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

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

the collection of benefits that customer/consumer gets in return for the financial investment in 

a consumption behaviour [5].  For example, when consumers choose a car, they buy it because 

they believe itôs their ñright choiceò. Before and after the purchasing decision, they perceive 

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 and social value. 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].  

 

Fig. 4. Three types of perceived value 
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In that sense, if we could articulate what is the perceived value, 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 engineering system 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 example, Function oriented search (FOS) provide a possibility to improve the functions [7]. 

So the authors suggest use a Perceived Value-Function-Parameter triangle to define the MPV. 

 

Fig. 5.  Perceived Value-Function-Parameter Triangle 

For example, when we use 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. 

Table 1 

Example of Perceived Value-Function-Parameter 

Product Perceived Value Function Parameter 

Shaver Clean Chin Cut hair Length of hair and its 

variability after 

shaving 

Chopstick Convenience during 

dining 

Move food Effectiveness with 

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 parameter that could 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. However, we 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: 

 

Fig. 5.  Overall thinking process of MPV based product concept development 

4. Perceived value and hidden customer need tools  

Perceived value is the collection of benefits that customer/consumer gets in return for the 

financial investment in a consumption behaviour. According to Zeithaml [5], perceived value 

is ñconsumerôs overall assessment of the utility of a product (or service) based on perceptions 

of what is received and what is givenò. Values are criteria consumers use to justify their actions 

such as purchase decisions. [8]  

Consumerôs perceived value, one of the powerful marketing forces in the 1990s, is of 

increasing importance for both academics and practitioners in the twenty-first century [9]. A 

critical review of the perceived value literature revealed that the concept has been scrutinised 

from utilitarian perspectives including price or benefits/costs ratio and from broader 

psychological perspectives [10]  

Sheth et al. [6] suggest that perceived value consists of five sub-dimensions: functional, social, 

emotional, epistemic and conditional value. Further progress suggests conditional value to be 

non-applicable at product level because it only reflects temporary and situational benefits [9]. 

And mainstream psychologists suggests that interest and curiosity is a certain type of emotion 

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

Functional value is defined as ñthe perceived utility acquired from an alternativeôs capacity for 

functional, utilitarian or physical performanceò. Social value is defined as ñthe perceived social 

utility acquired from an alternativeôs association with one or more specific social groupsò. 

Emotional value is defined as ñthe perceived utility acquired from an alternativeôs capacity to 

arouse feelings or affective statesò[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 identifying perceived value.  

Ethnography. Ethnography is 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 study [12]. Ethnography has its roots planted in the fields of anthropology 

and sociology, and its application in market research has been quite effective. [13] 

Ethnographic market research comprises a range of techniques, but a key characteristic of all 

is the need to talk to customers in their own environments, where they tend to be more open 

and honest in their answers, and to directly observe them using products rather than relying on 

explanations of how they use products[14]. From ethnography we could understand the 

perceived values and also some understanding about the parameters. Ethnography could help 

identify all 3 types of perceived values: functional, emotional and social values.  

ZMET. The Zaltman metaphor-elicitation technique (ZMET) is a technique that elicits both 

conscious and unconscious thoughts by exploring people's non-literal or metaphoric 

expressions. It was developed by Dr. Gerald Zaltman at the Harvard Business School in the 

early 1990s. It can be used to elicit consumersô meaning about the personal relevance of a topic 

and then map those meanings as mental models [15]. The term mental model is a broad term 

that include attitudes, emotions and feelings, symbols, actions, goals, personal values, images, 

memories of past consumption events, and sensory experiences, etc. The 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 Grid Technique is essentially a method of eliciting 

constructs and analysing relationships between them. Elements (alternative events, states, or 

entities) and constructs (dimensions of similarity and difference between elements) are central 

to knowledge representation in repertory grids. The most basic form of repertory grid is a 

rectangular matrix with elements as columns and constructs as rows. Each row-column 

intersect in the grid contains a rating showing how a person applied a given construct to a 

particular element [16,17]. With a Repertory Grid study, we understand the major criteria of 

consumersô decision making. Repertory Grid Technique is more suitable for functional and 

emotional values.  

Using the tools, we could have a pretty clear picture about the perceived values. Then we could 

start to think about the key functions and main parameters. For a typical consumer product 

development project, the author suggests to do 20-30 repertory grid interviews, 10-20 

ethnography contextual interviews and 10-20 ZMET interviews. 
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Fig. 6.  Different tools with different results 

For example, in a research study about vacuum cleaner, we used all the 3 research tools. In the 

Repertory Grid Analysis, we tried to analyse the criteria consumers use to differentiate different 

product include 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 no dust the hidden 

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 floor. In ZMET, we found that using 

vacuum cleaner to clean house mainly help to enhance the sense of ñhomeò, where you could 

enjoy safe and easy-going 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, the feeling of ñunder controlò is quite important for 

housewives, if there is something they ñmust doò but ñcould not doò, they get frustrated. For 

example, if there are a lot of dust and hair in the corner of bedroom, but they could not clean it 

as itôs not accessible, they feel anxious.  Combining these tools, we have a much deeper 

understanding about the perceived values of the consumers. 

5. Parameter of Perceived Value (PPV) 

When we have a profound understanding about customer perceived value, we have very good 

basis for future product development. Parameter of Perceived Value (PPV) is the parameter 

that defines the level of perceived value. When we understand the customer perceived value 

well, then we could study the parameters that determines the perceived value. 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 from consumers 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 not the 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 S-Curve and Kano model, we could have a new perspective of MPV. As 

shown in below figure, we could divide the S-Curve 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 stage II, MPV is a performance attribute, and in stage III & 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 not be 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, so itôs still not a MPV. In performance stage, it is the 

MPV as itôs the most important contributor of customer perceived value. In basic stage, it is 

not MPV anymore, as customer satisfaction level does not increase along with the parameter.  

 

Fig. 7.  Kano version S-Curve 

Also, when we take different parameters into account, we could map them on the S-Curve. 

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 could be a MPV, depending 

on whether itôs in the performance phase. See below figure. 
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Fig. 8.  PPV pool mapped on S-Curve 

For example,  currently, for electrical car,  there are several PPVs, such as recharge mileage, charging 

speed, cost per mile, 0-100km/h acceleration time, auto-drive safety, remote control accuracy, audio 

recognition accuracy, etc. See below illustration.  

 

Fig. 9.  PPV pool mapped on S-Curve: an example of electrical car 
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7. Ideation and product concept development  

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 

For better application, the author 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, 25-45 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. Based on perceived values, define the key 

functions and MPVs.   

Step 4 Map PPVs on the Kano version of S-Curve.  

Step 5 Concept Development  

9. Case Study. 

Background: A team of product developers are developing a new shower and they are searching 

for new product concept. 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 range is 25-45, 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. 

Table 2 

The Shower Case Study: Consumer Perceived Values 

Functional Value 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 beautiful 
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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.    

Table 3 

The Shower Case Study: Perceived Values-Function-Parameter 

 Perceived Value Key Function PPVs 

Functional Value 1. Clean body 

2. Sense of 

immersion 

3. Clean for special 

purpose 

4. Listen to music 

5. Keep skin healthy 

and beautiful 

1. Spray water 

2. Immerse body 

3. Clean private part 

or clean for kids 

4. Play music 

5. Maintain skin 

health 

1. Spray volume per 

second 

2. Water shape and 

angle 

3. Constant 

temperature 

4. Easy Control 

5. Water 

purification 

6. Audio quality 

7. Skin care 

effectiveness 

Emotional Value 1. Reduce Stress 

2. Feel young and 

energetic 

1. Relax skin 

2. Refresh body 

1. Water massage 

effectiveness 

2. Refreshing 

effectiveness 

Social Value 1. Connection with 

lover 

1. Improve sense of 

intimacy after 

shower 

1. Quality of 

interaction during 

and after shower 

Step 4 Map PPVs on the Kano version of S-Curve. 
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Fig. 10.  The Shower Case Study: PPV pool mapped on S-Curve 

Step 5 Concept Development  

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

list. 

Table 4 

The Shower Case Study: Product Concept Development 

Key Function Combination of PPVs Product Concept 

Spray water Spray volume per second; audio quality Music fountain shower 

Spray water Water shape and angle; refreshing 

effectiveness 

Multiple refreshing 

spray patterns 

Massage body Water massage effectiveness; quality of 

interaction during and after shower  

Couple water massage 

shower 

Clean and 

recover skin 

Water purification; skin care effectiveness Waterbank skin 

refreshment shower 

10.  Conclusion & Further issues. 

In conclusion, 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 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 Value-Function-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 TRIZ. The future research should explore a more detailed version 

of MPV algorithm, and how does MPV link to other TRIZ tools is also a field of interest.  
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Abstract 
Trend increasing ideality of system, not only means to increase the ideality of man-made systems 

(MMS), but also means to increase the ideality of the human system (HS). Therefore, it is necessary to 

make unified thinking that we added the HS into MMS. MMS and HS are forming a evolution trend -- 

conjugate evolution. 

Two new evolutionary sub-trends have been identified by the author: one is the trend of increasing the 

biological characteristics of MMS; another is the trend of syncretism of MMS and HS, both belong to 

the Trend increasing ideality of system. These two sub-trends have different starting points: first one is 

to make the MMS to learn from biological systems, including learn from HS, i.e., people make better 

and better MMS; second one is to make the MMS to strengthen HS, i.e., MMS serve people better and 

better. Finally, two new trends converge in human bodies -- the most advanced creatures in nature. 

Keywords: technology systems (TS), man-made system (MMS), human system (HS), evolution, trends, 

biological properties, syncretism, conjugate evolution 

 

1. TS, MMS and HS̔  

 
The systems in substance world are divided into natural systems, MMS and composite systems. 

In most cases, the technical systems (TS) are composite systems composed by the man-made 

system (MMS) and natural systems (humans, plants, air, etc.). Here MMS has the similar 

meaning with Artificial or Synthetic systems (Fig 1).  

When previously talked about "Trend of increasing ideality of system", we tend to think about 

that talking TS refers only to MMS, which is actually one of the inertia thinking. The author 

believe that the "Trend of increasing ideality of system", not only to be used for MMS, but also 

for the HS, i.e., to increase the ideality of HS. Therefore, it is necessary to make unified 

thinking that MMS and HS. 
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Fig 1. The scope of Technical System 

All MMS are made to meet peopleôs needs, and the design purposes to build the MMS (such 

as dentures, hearing aids, clothing, transportation, etc.), are to compensate human capacities, 

and to expand human functions (such as space telescopes, mass memory, the Internet, the 

human brain chips, etc.), therefore increase the ideality of TS, finally increase the ideality of 

HS. MMS and HS are conjugate evolution, promote each other, it is a clear trend. 

Increasing the ideality of HS, require us to do the R&D around people. In order to meet the 

people-oriented social requirement, the times is calling for the new evolutionary trends. 

Authors propose two new evolutionary sub-trends as bellow. 

2. Sub-trend of increasing the biological characteristics of MMS 

In the development process of a TS, increasing certain biological characteristics is a clear trend: 

from the outside to the inside of the structure, from elements to subsystems, from execution 

systems to the control systems, from electromechanical bodies to organisms, etc. Evolutionary 

path is: 

Appearance with biological characteristics ŕ Partial structures with biological characteristics 

ŕ Overall structure with biological properties ŕ Man-made non- biological body + Partial 

biological body ŕ Man-made non-biological body + complete biological body. 

(1) Examples of appearance with the biological characteristics:  

such as toys with various animals shape, a stadium with a birdôs nest appearance, a submarine 

and high-speed rail appearance like a dolphin, aerofoil like a bird wing section, man-made turf, 

etc.  

Germany's Universum Science Center Bremenôs shape is both like a whale, and a giant mussel 

(Fig 2). 

 
 

Fig 2. Universum Science Center Bremen 

The Seed Cathedral in Shanghai looks like a hedgehog. 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 tip. All the rods pass through the wall or the dome. Light can transmit along with 

the optic fiber rod from different direction (Fig 3). 

 
 

Fig 3. Seed cathedral at Shanghai 

(2) Examples of partial structures with the biological characteristics:  

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

wherein: 

Boostrac desert type design, its unique honeycomb structure can spread out into a large gear 

tire, greatly enhance the grip capability; Alpike snow type can laterally transform to increase 

ground area like a bear's paw, it is suitable for the paved road with thicker snow; HyBlade rain 

type has fin-type blades and drainage channels, it is suitable for fast and stabilized driving on 

the road with water (Fig 3). 

 
 

Fig 4. Boostrac desert type, Alpike snow type, HyBlade rain type 

(3) Examples of overall structure with biological properties: 

Examples:  

Robots with visual, auditory, tactile and talking capacities; man-made insects; swimwear 

imitated shark skin structure.  

Observing a shark skin with electron microscope, it is composed by the numerous "Cortical 

Scales Protruding". These scalesô protruding have grooves in the longitudinal direction, so 

water flow on its surface can be adjusted, and can prevent from forming whirlpools or vortex 

turbulences. This special skin structure, will not only prevent parasitic algae in their body, but 

also significantly reduce water friction. Swimmers wearing this swimsuit, have broken the 

world records many times (Fig 5). 
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Fig 5. "Cortical Scales Protruding" and swimsuit with this structure 

(4) Examples of Man-made non-biological body + Partial biological body 

Examples: absorbable suture catgut; a biochip containing human genes; biological machines 

(Fig 5). 

 
 

Fig 6. A biochip containing human genes and the biological machines 

(5) Examples of Man-made non-biological body + complete biological body 

Examples: blinking keyboard used by Hawking; detector dogs wearing test equipment; 

spacecraft with animal experiments, etc. (Fig 7). 

 
 

Fig 7. Blink keyboard that is being used by Hawking 

August 2015, several Germany insect experts suggested to train bees as a new detect tool of 

narcotics. First, 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 their tongues. 

After the training, the bees will be put into a special suitcase (with a group of 6 bees) , there 

are some infrared inductors inside. Once 3 inductors detected beesô tongue, it will alarm. (Fig 

8). 
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Fig 8. Infrared inductor detected bees tongue, to alarm the narcotics. 

Although this sub-trend looks very like the bionics, but the examples (4)-(5) 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, creature become a sub-system. 

3. Sub-trend of syncretism of MM S and HS 

MMS are all built to meet the needs of people, and therefore a clear trend is MMS gradually 

entering into HS: body surface attachments, mutually embedded with human bodies, or 

implanted into human bodies so that it becomes part of HS, thereby significantly increasing 

human capabilities.  

This trend has two intertwined evolutionary paths: 

MMS substitute human element (vitro ŕ body surface ŕ cross embedded ŕ vivo) ŕ MMS 

substitute human function (vitro ŕ body surface ŕ cross embedded ŕ vivo) ŕ MMS 

substitute human organ (vitro ŕ body surface ŕ cross embedded ŕ vivo) 

(1) MMS substitute human element (vitro ŕ body surface ŕ cross embedded ŕ vivo) ---- 

dentures perhaps were the first man-made element partially embedded in the human body. 

Artificial bone, synthetic skins, etc., also belong to such products. 

Earlier 2016, scientists at Stanford and UC Berkeley both developed entirely synthetic skins 

that are sensitive enough to detect the touch of a butterfly. Both rely on a combination of 

flexible rubber with either nanowires or electrodes. And synthetic "skin" would do cyborg 

double-duty: ultra-sensitive human prosthetics or robot limbs (Fig 9). 

 
 

Fig 9. Synthetic skins are sensitive enough (body surface) 

Percutaneous pedicle screw spinal surgery is a minimally invasive surgery. The steel nails 

replaced the defective part of lumbar to support and position the lumbar (Fig 10). 
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Fig 10. Steel nails to support and position the lumbar (vivo) 

(2) MMS substitute human function (vitro ŕ body surface ŕ cross embedded ŕ vivo)  ---- 

Wearable devices are developed rapidly in recent years, from rings, watches, bracelets, arm 

bands, to intelligent glasses, intelligent helmets, smart underwear, power exoskeleton. These 

devices can exchange data, perceive information, in self-organized networks, etc., mainly to 

substitute, strengthen and extend the functions of HS. 

Samsung Innovation Lab has developed a prototype of sensor to detect whether the wearer 

stroke (judgment function). Its appearance is similar to a headset, and connected with a mobile 

phone to monitor brain waves of the wearer and match with the particular software algorithms, 

it can determine the wearerôs risk of stroke and whether he will need any medical treatment 

(Fig 11). 

 
 

Fig 11. Wearable device monitoring whether the wearer stroke (body surface) 

Powered exoskeleton is an intelligent bionic wearable device to extend the human movement 

functions. Exoskeleton worn on the human body, perceive human moveable intention, to drive 

servo mechanism in the exoskeleton to produces the corresponding action (Fig 12). 

 
Fig 12. Powered exoskeleton (Cross Embedded) 
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Deeply embedded human eye camera can imitate human visual function. It consists of three 

parts: a tiny camera (use existing colonoscopy camera), a battery, and a wireless transmitter 

that can capture pictures and then sending them into a computer. The wearer can use an external 

radio control devices to control shooting (Fig 13). 

 
 

Fig 13. Camera embedded eye orbit (Embedded) 

(3) MMS substitute human organs (vitro ŕ body surface ŕ cross embedded ŕ vivo) ---- Man-

made system entering human body, is an important trend in medical technology development. 

Many parts of HS, like skin, eye, blood vessel, brain, stomach, etc., can be the sites of 

implantation. There are some temporary implant devices, such as imaging capsule, can perform 

inspection tasks in humanôs stomach and intestines. There are also some permanent implant 

devices, such as a man-made vein. According to the USCôs report, professor Theodore Berger 

has developed the worldôs first brain prosthesis, an implantable hippocampus that may help 

patients regain the ability to store new memories. Copy and substitute the human memory will 

be realized in the near future. 

A bone-anchored hearing aid (BAHA) is a type of hearing aid based on bone conduction. It is 

primarily suited for people who have conductive hearing losses, unilateral hearing loss, single-

sided deafness and people with mixed hearing losses who cannot otherwise wear ñin the earò 

or ñbehind the earò hearing aids (Fig 14). 

 
Fig 14. Bone-anchored hearing aid (BAHA) (body surface) 

Implanting a chip into humanôs brain has a successful precedent. The newspaper of Hong Kong 

"Wen Wei Po" has reported that, Harbison, a British color blindness artist, was given a surgery 

to implant a special chip into his brain, then he can "listen" the unique vibration frequency to 

distinguish each color, so that his monochrome world has been granted full  colors (Fig 15). 
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Fig 15. Implanting a chip into human brain to ñlisten colorò (Vivo) 

Today, all TS are gradually turning smart even intelligent, we have to seriously think about the 

relationship between HS and MMS. According to this sub-trend, at ultimate intelligent stage, 

a large number of micro-intelligent MMS could be implanted into certain HS to substitute some 

of their subsystem (tissue or organ, even some nerve docking), to significantly enhance the 

abilities of people, reduce or eliminate the risk of disease. 

4. Conclusion 

Often, TS are composite systems that contains both MMS and HS, or even other natural 

systems. Increasing the degree of Ideality of TS, will not only increase the Ideality of MMS, 

but also ultimately increase the Ideality of HS. 

Two new evolutionary sub-trends have been identified by the author: one is the trend of 

increasing the biological characteristics of MMS; another is the trend of syncretism of MMS 

and HS, both belong to the Trend increasing ideality of system. These two sub-trends have 

different starting points: first one is to make the MMS to learn from biological systems, 

including to learn from HS, i.e., people make better and better MMS; second one is to make 

the MMS to strengthen HS, i.e., MMS serve people better and better. Finally, two new sub-

trends converge in human bodies -- the most advanced creatures in nature, to form the 

Conjugate Evolution. 

The updated architecture of TS evolutionary trends (Fig 16). 

 
 

Fig 16. The updated architecture of TS evolutionary trends 

 



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

 

116 

 

References 

1. Nikolay Shpakovsky, Evolution Trees. Analysis of Technical Information and Generation of New 

Ideas[M], Publishing house ñPulsò, Moscow, 2006 (in Russian/Chinese). 

2. ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚ, ɿʘʢʦʥʳ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ[M]. ʊʝʣʴ-ɸʚʠʚ, 2013. 

3. Serge Ikovenko, Advanced TRIZ Training [R], GEN3, MATRIZ Shanghai Training Center, 2013. 

4. Mike Min Zhao, Wucheng Zhang. TRIZ Enhancement and Practical Applications [M]. China 

Machine Press, 2015. P108-P114. 

5. http://www.dupinjianc.com/mod_article-article_content-article_id-265.html 

6. http://www.hankooktire.com/global/tires-services/technology/design-

innovation/collaboration.html 

7. https://www.wired.com/2010/10/pentagon-cyborg-army/ 

8. http://university-discoveries.com/university-of-southern-california 

9. https://en.wikipedia.org/wiki/Bone-anchored_hearing_aid 

 

Communicating Author:  

Min Zhao:  mike_zhaomin@139.com 

 

  

mailto:mike_zhaomin@139.com


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

 

117 

 

TRIZ fest 2016 
July 28-30, 2016. Beijing, Peopleôs Republic of China 

 

COUPLED FUNCTIONS FORMULATION  

 
Yury Lebedev 1, Sergei Logvinov 2 

1 Converging Technologies Ltd, St. Petersburg, Russia 

 2R&BDPartners, Seoul, Korea 

E-mail for communication: serglogvinov@yandex.ru 

 

Abstract 

Being a component of function analysis, rules for function formulation are well formalized and usually 

donôt cause problems for researchers. A function is defined as an action of one system component 

(function carrier) 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 placed on change of state 

(parameters) of function object. Function performance in actual systems is always accompanied by 

change of function carrier state. For example, if function carrier heats function object, this function 

object cools the function carrier at the same 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 formulation of such pair 

functions and contains recommendations on:   

¶ Classification of coupled functions 

¶ Formulation of coupled functions 

¶ Proper choosing between model with one function and model with coupled functions. 

Keywords: TRIZ, Function analysis. 

1. Introducti on 

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 principle in classical mechanics was formulated as early as in XVIII century in the form 

of 3rd Newtonôs law and later it was accepted as a basis for quantum mechanics in the form of 

Heisenberg uncertainty principle. In thermodynamics this principle is manifested in the second 

law of thermodynamics, In electrodynamics ï in the form of Maxwellôs equations, in electrical 

engineering ï in the form of Lenzôs principle, in chemistry ï in the form of Le Chatelier 

principle, and so forth. 

Though in natural science this principle was not generalized, such generalization took place in 

philosophy in the form of law of unity and struggle of opposites. So when university students 

listen to their philosophy lecturers, they donôt suspect that they learn about one of most 

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 vehicle 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 current (i.e. current of 

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 general case, 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 two functions ñcoupled 

functionsò, and term ñcounter functionò will be used to describe relationship of these two 

functions to one another. 

With strict approach to the analysis, it follows from the aforesaid that when one builds a 

function model, he should supplement 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 are not obvious at all. Letôs make an attempt to classify coupled 

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 noted: coupled 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 practical work on model construction one function (out of the pair) is defined quite 

unambiguously ï one should start building a function model from the main function of a system 

and then the model is supplemented with other functions. Letôs call this function in a pair as 

the first function (perhaps, it would be better to call it the ñmainò or ñprimaryò function, but 

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 or 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):     

¶ Time scale of analysis involves significant variation of tool parameters; and   

¶ 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 the nail). 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 harmful one.  

Now an opposite situation ï slow 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 neglected and the counter function 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 and worsening 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, when a counter function is 

excluded from the model, there 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 the rate of parameters 

variation: 

¶ Time scale of analysis involves significant variation of tool parameters; and 

¶ Time scale of analysis is much less than characteristic time of significant variation of 

tool parameters. 

 

Letôs give two simple examples. Heating element of an electric teakettle heats water. A counter 

useful function is performed concurrently ï water cools down the heating element. This 

function is very important for normal operation of the teakettle because switching the kettle on 

without water inside 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 special-purpose 

suspension (usually it is made of polymeric material or rubber). The suspension performs 

useful functions ï ñto hold in placeò, ñto directò. Concurrently, the cone in the course of its 

operation ñkneadsò suspension, i.e. changes its mechanical properties. As a rule, an acoustic 

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 function of the pair 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 high-power laser systems. This process 

is described by a pair of harmful functions: ñmirror [partially] absorbs light fluxò and ñlight 

flux destructs mirrorò. It is interesting that the first function is performed all the time, while the 

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 

devices. A situation ñelement A releases heat and heats element Bò is usually described by 

harmful function ñA heats Bò. Counter function ñB cools A downò can be omitted from 

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 detail. Nevertheless, 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 functions - for example, multi-layer packaging materials 

on the basis of aluminum foil. The function ñto stop oxygen flowò is performed by an oxide 

layer on aluminum foil surface. Concurrently, oxygen performs the function ñto produce oxide 

layerò. In the majority of such cases, the first function and counter function are in cause-effect 

relationship and often separated in time: barrier properties of foil (function ñto stop (oxygenò)) 

emerge due to the fact that that counter function of oxygen is already performed (ñto oxidize 

(metal surface)ò). A more general phenomenon ï self-lining widely used in transportation of 

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 In the case of coupled function of ñuseful function + harmful functionò type. Actually, we 

deal hear with a contradiction ï ña useful action should be performed for the purpose of its 

usefulness, and at the same time it shouldnôt be performed due to the presence of harmful 

function that accompanies the said useful actionò. A contradiction of this type is easily 

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 obvious. Disadvantages of this type are identified later in the course 

of cause-effect analysis (in the mode of search for ñpayment factorsò). But application of 

coupled functions notion allows identifying relevant disadvantage at early stages of analysis in 

the form of contradiction. Letôs take a system for biological treatment of sewage water as an 

example (removal of organic matter from sewage water). Bacteria decompose organic matter 

to phosphates, but phosphates suppress bacterial activity (that same old Le Chatelier principle, 

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 (with subsequent resolving of the latter) 

would enable to increase system efficiency quite significantly. 

4.3 And, finally, failure-anticipation analysis [3, 4]. Though failure-anticipation analysis often 

gives good results, its methodology is characterized by the presence of very important but 

poorly algorithmized step ï 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 functions 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 failure-anticipation analysis. Particular emphasis should be 

placed on counter functions having ñlong-term time scaleò, i.e. to those functions that slowly 

change parameters of function carrier (i.e. just to those functions that are usually omitted as 

being of low significance). For instance, vacuum-evaporating apparatuses are 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 for the elimination 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 of the authors, 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 

and labor are not too significant. A standard operationally-capable model usually includes 6-9 

components and 10-15 functions. Formulation of counter functions (as indicated above) usually 

is not difficult (at this stage a researcher is well acquainted with the subject 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 standpoint of function analysis efficiency.    

 

Particular emphasis should be placed on situations when a pair of oppositely-directed functions 

implements positive or negative feedback. That same old Le Chatelier principle implements 

typical negative feedback ï up 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 

corrosion rate. Irreversible consequences often appear all of a sudden. Another example ï 

situation with traffic on the roads. Minor increase in traffic density (as compared to previous 

point in time), which is insignificant when taken alone, suddenly lead to traffic jams (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 way ï by one system level. In other words, 

it makes sense for researchers to consider function carrier as an independent engineering 

system and conduct functional modeling for this function carrier.     
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Abstract̔ 
According to several yearsô experience of applying flow analysis in industries, combining with the Su-

Field Analysis, authors simplified 10 defective flows into 4 defective flow models, and then built up a 

new process to use flow analysis techniques to solve engineering problems. 

A case study shows that this new process can be used to "The low pass rate of production of powder 

metallurgy (a new material) pressure die forming", the problem collapse of productsô edge and vertex 

are resolved based on flow analysis. As a result, the pass rate was increased by 16%, while the ideality 

is improved based on the minor change of the pressure dies. 

Keywords: Technical System (TS), Flow Analysis (FA), Su-Field, defective, model, trend, evolution, 

minimal problem, cause, collapse, edge, vertex, powder metallurgy, forming, dies. 

1. The Brief Introduction of Trend of Increasing Flow Efficiency 

Historically, G. Altschuller was the first to formulate the ñTrend of Minimum Energetic 

Conductivityò. Altschullerôs student, Igor Gridnev had put forward an idea to propagate this 

trend to the entire period of the systemôs life. At the same time he has found out that in the 

course of TS evolution the conductivity of its components carrying energy flows normally 

increases.  

This trend had a lot of names: it was called the ñTrend of Increase in Conductivityò,  ñTrend 

of Increasing Conductivity of Substance, Energy and Information Flowsò, ñTrend of Increasing 

Conductivity of Flowsò, ñTrend of Optimization of Flowsò. Finally, it was named ñTrend of 

Increasing Efficiency of Flowsò, or, ñTrend of Increasing Flows Efficiencyò. 

Flow analysis (FA), trend of increasing flow efficiency, are the new tools in modern TRIZ 

system. Following please see ñArchitecture of evolution trendsò (Fig.1). 
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Fig.1 Architecture of evolution trends 

This new and innovative analysis method can increase the TRIZ application scope to solve 

engineering problems. In recent years, authors have tried to use FA as a primary tool, combined 

with other TRIZ tools, to solve some engineering problems in different industries.  

While using FA to solve the problem, firstly, we must convert the engineering problems into 

the corresponding problems of defective flows. There are two type (A, B) of defective flows 

(Conductivity and Usability), and 10 typical problems of defective flows. 

 (A) Conductivity defects: 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 

 (B) Utilization defects: 1. gray zone; 2. channel damages flow; 3. flow damages channel; 4. 

flow damages itself. (Fig.2). 

 
 

Fig.2 The 2 kinds of defective flows 

Then we can use the problem solving tools offered in the ñTrend of increasing flow efficiencyò, 

to eliminate problems of defective flows that have been found. 

2. Build-Up Simplified Defective Flow Classification Models 

When solving problems with FA, the authors believe that converting engineering problems into 

the corresponding 10 defective flows is a difficult and complicated process. Then authors 

worked to analyze the defective flows combined with Su-Field analysis model. After a rigorous 

and careful researching, the authors successfully converted 10 defective flows into 4 defective 
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flow models. With the simplified defective flow classification models, can help people to 

analyze the flows combined with Su-Field analysis tools, and achieve the mastery. (Fig.3) 

 

 
 

Fig.3 Build up the simplified defective flow classification models 

This figure is one of the basic processes that authors use regularly to analyze an engineering 

problem, combined with SFA (Su-Field Analysis). (Fig.4) 

 

 
 

Fig.4 A basic processes to analyze an EP 
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3. Establish A New Process To Solve Engineering Problems 

Now we can establish a new 5 steps process to solve the problems: (Fig.5) 

 
 

Fig.5 The main process of solving the problems with FA 

Step 1: state the Engineering Problems (EP) -- Describe the process defects of production in 

details, i.e., the spatial and time zone of the problem happened. 

Step 2: convert EP into 4 detective flow models -- Make FA, convert the problems in 

production process into the new defective flow model. 

Step 3: make FA with evolution trends and with other TRIZ problemsô analysis tools, like SFA, 

RA (Resource, Analysis), RCA (Root Cause Analysis) , etc., the analysis purposes are to define 

the minimal problem, analyze causes of defective flows, and finally, get spatial zone (SZ) and 

time zone (TZ) of the minimal problem;  

Analyze the defective flows in the minimal problem zone, by applying SFA, RCA and RA, at 

the different system levels. (Fig.6) 

 

 
 

Fig.6 System level SFA, RCA and RA 

Step 4: check all possible corresponding flow enhancement trends -- Indentify some available 

flow evolution trends that could solve the problems, aiming at the cause of defective flows 

formed. 

The principles of above step, is ñfirst easy to post difficultò. Applying identified flow trends 

one by one, gradually solve the engineering problem, find out the feasible trends. 

Step 5: get final solutions ï Transfer the feasible trends to real solutions. 

Below is the detail process of solving the problems with FA (Fig.7): 
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Fig.7 The detail process of solving the problems with FA 

4. Case Study: Solve A Real Engineering Problem (EP) 

Authors have successfully resolved several EPs in the fields of "electronic circuits, Internet 

hardware, cloud platforms, powder metallurgy", these EPs all belong to "hard EPs in industries 

and enterprises". The solving ideas are very simple, directed at the root target of the problems. 

For example: a case study "Solving the problem of low yield production of power supply circuit 

with a 2mm red gum line ", has been published in a new book "TRIZ Enhancement and 

Practical Applications", by Professor Min Zhao. 

The following content describes how the authors use this new 5 steps process to solve a real 

hard EP in the pressure die forming industry. 

Step 1: State EP (situation description): The low pass rate of pressure die forming of powder 

metallurgy production with a new material. 

When customer used a new type of metal powder material in the production of pressure die 

forming, if product has a complex shape, after the upper die and lower die separation, the slight 

collapse will be happen at the productôs edges or vertex, cause the product waste. The product 

pass rate is only about 75% in this case. (Fig.8) 

 
 

Fig.8 Complex product's shape will cause collapses of edges & vertex 
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Step 2: Convert the problems "The low pass rate of pressure die forming of powder metallurgy 

production with a new material" into the 4 defective flow models. 

Step 3: Make FA, authors found the minimum zone of the defective flow, identified the 

minimum problem zone of defective flow model, also, found that the useful flow and harmful 

flow were coexistence. 

(C) A harmful interaction flow made a separating trend. 

(D) A useful flow was an insufficient flow with the converging trend. 

If  the harmful flow (C) is greater than the useful flow (D), the edge or vertex will collapse 

during upper and lower diesô separation; If the useful flow is greater than the harmful flow, the 

product will keep a good shape. 

The minimal problem spatial zone (SZ) is the local tip position where harmful flow is greater 

than the useful flow. 

The minimal problem time zone (TZ) is the moment of upper and lower diesô separation. 

(Fig.9). 

 
 

Fig.9 The minimum problem of SZ & TZ 

Then, authors analyzed the defective flows in the minimal problem zone, by applying SFA, 

RCA and RA, at the different system levels. (See Fig.10) 

 
 

Fig.10 System level SFA, RCA and RA of the EP 

Base on the causes of "more separating trend (harmful flow)" and "less converging trend 

(insufficient interaction flow)", making a comprehensive ñSystem level and Su-Field resource 

analysisò, from 3 levels (system, super system, sub-system), and at the 4 sections (substance, 

field, substance parameters, field parameters), try to find the spatial/time causes in the minimal 

defective flow zone. 
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At this step, the authors strongly emphasized the cooperation between TRIZ experts and 

industry experts to find out the real causes. 

Make a RCA (Root Causes Analysis) about why "separating trend" is more than the 

"converging trend". 

Through RA (Resource Analysis), we can try to find the forming reason of harmful flow and 

other defective flows. 

RCA for cause of "more separating trend (harmful flow)"̔Die inner corner shape, Adhesion 

force, Electromagnetic force, etc. 

RCA for cause of "less converging trend (insufficient interaction flow)"̔Powder material, 

Die material, Die pressure, Pressing time, Temperature, etc. 

Step 4: Aiming at the root causes for the defective flows, finding some available flow 

improvement trends that may solve the problems. (Fig.11) We selected 2 options (E, F). 

 

 
 

Fig.11 Find some available flow improvement evolution trends 

(E). Solving the problems come from ñharmful interaction flow modelò, check the "reduce the 

impact of harmful flows (11 items)", find out the corresponding flow improvement trends. 

(Tab.1) 

 
 

Tab.1 Find out the corresponding flow improvement trends (11 items) 

Base on the above analysis results, select three (5, 6, 8 items) flow improvement trends to 

reduce the harmful slow. 
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ñ5 Form a flow and anti-flow; 6 Change flow; 8 Pre-set substance flow, energy, information to 

neutralized flow.ò 

To apply above available flow improvement trends one by one, with a principle of the ñfirst 

easy to post difficultò, we can gradually solve the EP. 

 (F). Solving the problems come from ñinsufficient interaction flowò, check the ñIncrease the 

continuity of flowò (14 items), find out the corresponding flow improvement trends (Tab.2) 

 
 

Tab.2 Find out the corresponding flow trends (14 items) 

Base on the root causes of insufficient action in accordance with the flow: Select two  (2, 8 

items) flow improvement trends to eliminate the insufficient flow:  

ñ2 Transition to a more efficient the flow effect; 8 Increase the density flow.ò 

Step 5: Applying selected items to make the feasible solution. (Fig.12) 

 
 

Fig.12 Select the corresponding trends as the solutions 

According to the principle of ñfirst easy to post difficultò, these 5 flow improvement trends 

were applied to adjust the production process of powder metallurgy die. Select 1 or 2 of them 

to make a feasible solution. Finally, authors achieved very good results: the most collapse of 

productsô edge & vertex were eliminated, the 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, a minimal problem zone have been defined by using FA, the defective flows have 

converted into defective flow models. Secondly, the substance, field and parameters of the 

system, subsystems and supper system have been analyzed with the resources of substances 

and fields. Lastly, the major causes what resulted the defective flows have been found, and 

some flow improvement trends have applied to solve the problems.  

A case study shows that this new process has been solved an EP "The low pass rate of pressure 

die forming of powder metallurgy production with a new material". The problems of collapse 

of productsô edge and vertex have been well resolved. The products pass rate has increased to 

90%, while the ideality has been enhanced based on the minimal change of the pressure dies. 
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Abstract 

Genrich S. Altshuller has proposed five levels of innovations  (LoI). While,  in creative works, people 

usually use this concept in a single direction.  

To distinguish the difference of the innovations which belong to the same innovation level, this paper 

propose  a new concept-System Innovation Degree (SID). 

SID is a measurement to the innovations which locate at the same level of innovation defined by Genrich 

S. Altshuller. 

With a practical case study, the main applications of SID in invention works are illuminated. 

Keywords: Levels of innovations, Technical Predict, Patent Strategy 

1. Introduction   

Genrich S. Altshuller has proposed five levels of innovations (LoI) as Table 1 shows [1]:  

 

Table 1. Levels of innovations 

levels of 

innovations 
Description 

Knowledge 

Required 
Object Status 

[ŜǾŜƭ м 

Technology Transfer 

-a simple improvement of a 

technical system 

Within the trade 

relevant to that 

system. 

Does not change. 

[ŜǾŜƭ н 

Knowledge Exchange 

-an invention that includes the 

resolution of a technical 

contradiction 

From different 

areas within the 

industry relevant to 

the system. 

Changed but not 

substantially. 

[ŜǾŜƭ о 

Knowledge Collaboration - an 

invention containing a 

resolution of a physical 

contradiction 

From other 

industries. 

Changed essentially. 
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[ŜǾŜƭ п 

Knowledge Innovation - a new 

technology is applied which 

contains a resolution of 

contradictions with better 

approach to Ideal Final Result 

From different 

fields of science. 

Totally changed 

[ŜǾŜƭ р 

Innovation Networks - 

discovery of a new 

phenomenon or substances 

New knowledge Entire technical 

system is changed in 

which this object is 

used. 

 

As we know, the high or low levels of innovations do not means the related solutions is good 

or bad, because a customer often reluctantly accepts substantial changes to his existing system. 

For solving a problem, he perceives that it is necessary to change something in the existing 

system, but he tries to implement these changes minimally to facilitate prompt introduction [1].   

With the help of knowledge of levels of innovation, people can 1) predict the trend of existing 

technologies and products and 2) set up the patent strategy for his existing technologies and 

products.  

While, according to the definition of the levels of innovations proposed by Genrich S. 

Altshuller, people can just distinguish the levels of innovation in a single direction. In other 

words, if there are two or more innovations which are labelled in the same level, how can 

people distinguish them?  

Even though some people thought that distinguishing of the different levels of innovation is 

more important than the distinguishing within the same level [2], but in most enterprises, for 

the innovation usually is an asymptotical process with limitation of resources or some 

economic factors, people usually will choose the solutions within the same level of innovation, 

which indicates that distinguishing the degrees within the same level is meaningful. 

2. Description of System Innovation Degree 

In order to evaluate the degree of an innovation which is located at the same innovation level, 

a new concept is introduced which is called as System Innovation Degree (SID). It is to measure 

the innovations which locate at the same level of innovation defined by Genrich S. Altshuller. 

SID is distinguished by the knowledge applied for the solution. See Table. 2. for details. 

 

Table 2. Description of System Innovation Degree 

 

System 

Innovation 

Degree 

1 2 3 4 

Knowledge the 

Solution 

Applied 

Within the 

trade relevant 

to that system. 

From different 

areas within 

the industry 

relevant to the 

system. 

From other 

industries. 

From different 

fields of 

science. 
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With the help of SID concept, the degree of innovations can now be evaluated in the same level 

by a different direction comparing with LoI. 

Same as the levels of innovations, even the SID is large or small does not means that the related 

solutions is good or bad, but with the help of SID, people can 1) predict the trend of existing 

technologies and products and 2) set up the patent strategy in a different direction comparing 

with the Levels of Innovations (LoI). 

Using the LoI and SID, a whole picture for the technical predicting can be obtained in two- 

dimensions as showing in Fig.1.  

 

Fig. 1 LoI and SID 

3. Case Study 

Here, a practical case study has been introduced to show how the SID applies in the real 

invention job. 

 

Fig.2. Wind Turbines in Working 

http://img4.imgtn.bdimg.com/it/ 

Project name: Wind Turbine Improvement. 

Project Description: Wind turbine works as the opposite of a fan using electricity to make 

wind, a turbine uses wind to make electricity. The wind turns the blades, which spin a shaft, 

which connects to a generator and makes electricity. The electricity is sent through 

transmission and distribution lines to a substation then sent to 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 contradiction (TC) overcoming are 

chosen, it is clear that the solutions are belonged to level 2 defined by Genrich S. Altshuller. 

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
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To increase the rotate speed or torque of the generator in low speed of wind, people need to 

increase the surface area of the wind blade, but it will lead to increase of the length of the blade, 

thus will got a technical contradiction (TC 1), which is shown in Fig.3.Of course, there are a 

series of pairs of TC in this project, and the solving process is analogical. It is unnecessary to 

go into details. 

 

Fig.3. TC 1 in Wind Turbine [3] 

By means of Altshullerôs Matrix, four recommendations for TC 1 overcoming are gotten, 

shows in Fig.4. 

 

 

 

Fig.4. Recommendations for TC1 overcoming [3] 
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Based on these recommendations, following solutions are obtained, as shown in Fig.5.  [3] 

 

 
(1)                                                    (2)   

 

 

 

                                                                              (3)                                          (4)   

Fig. 5. Final Solutions for TC 1 in Wind Turbine Project [3] 

(1) Blade in form of MOBIUS Belt; illuming from 14 Curvature increase 

(2) Flexible Wing ï Blade; illuming from 18 Mechanical vibration 

(3) Variable-rigidity flipper ï blade; illuming from 15 Dynamic Parts 

(4) Doubled propeller ï Doubled blades; illuming from 4 Symmetry Change 

 

For solution (2)ðFlexible Wing, the knowledge within wind turbine is required. For solution  (3)ð

Variable-rigidity flipper, the knowledge from the solar power generation is required, which  is a 

different areas within the industry relevant to the wind turbine. For solution (4)ðDoubled propeller, 

the knowledge coming from aerospace industry is required, Finally, for solution (1)ðBlade in form 

of MOBIUS Belt, the mathematics knowledge is required, which is a different field of science.  

According the criteria of SID mentioned above, each solutionôs degree of SID has been ranked 

respectively as shown in Table.3. 

Table 3. System Innovation Degree for TC 1 Solutions in Wind Turbine Project 

System 

Innovation 

Degree 

1 2 3 4 

Knowledge 

Applied 

Within the 

trade relevant 

to that system 

From different 

areas within 

the industry 

relevant to the 

system 

From other 

industries 

From different 

fields of 

science 

Solutions 
Flexible Wing 

ï Blade 

Variable-

rigidity flipper 

Doubled 

propeller ï 

Doubled 

blades 

Blade in form 

of MOBIUS 

Belt 

Solution No. (2) (3) (4) (1) 
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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 product's renovating or improving and make use of the solutions (1) and (4) 

in setting up the patent stratagy. The reason is the solution (2) and (3) are not substantial 

changes to the existing system but solution (4) and solution (1), in particular,are substantial 

changes to the existing system. 

4. Conclusion 

Traditional or Classic TRIZ proposed five levels of innovations, but it is not enough to distinguish 

the difference of the innovations which belong to the same levels. The distinguishing of those 

innovations is helpful for setting up an integrated patent strategy and to predict the next step for an 

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. The scheme of hanging guitar chair is established according to the goldfish and 

the multi-screen method, and the folding idea is obtained based on the dwarf method. In the designing 

process, some conflicts are occurred, and these conflicts are described by the standard engineering 

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 obtained. The hanging function of Ornaments chair is solved based 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 chair [1]                                       Fig. 2 the folded chair [2] 

 

Chairs are the necessary furniture in our daily life, most of the chairs are shown in Figure 1, 

which are a fixed form, and they occupy a certain space. And for the crowded space, such as 

school student dormitory, factory employee dormitory, they hope that a chair occupy a certain 

space in use, and when not in use, can reduce the space occupied, so the folding chairs are 

developed, which are shown in Figure 2. Although the folding chair to ease the demand for 

living space, it is still facing how to be stored, and a new type chair is necessary to be creatively 

conceived for the crowded room. 

The innovative design about chair has not stopped, for example, Pan, et al developed a new 

kind of special-shaped shelf-chair which can be deformed and combined easily and can be used 
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as a shelf based on TRIZ theory [3]. Yang, et al creatively accomplished a multi-functional 

office chair which can realize 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 behaviour [5]. Zhang, 

et al established a design method of working seat which can obtain the spatial 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 TRIZ theory which can creatively conceive the structure of 

massage chair [7]. Kulkarni, et al designed a transformable chair which would satisfy various 

needs of people by using TRIZ [8]. From these studies, TRIZ theory is a useful tool for 

designing the chairs, which can help us to generate various new concepts, and solve some 

difficult (such as conflicts) during designing process. 

However, these studies more consider the comfortable and multi-function, do little concern for 

the storage problems after it folding.  In 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 thinking tool 
 

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 goldfish, multi-screen, small dwarf, are used to help us find the new 

concept. 

2.1 Conceiving of the scheme of hanging chair based on goldfish and multi-screen 

method 
TRIZ innovative thinking tools have a lot of tools to help people to think divergently, such as 

multi-screen method, STC (Size, Time, and Cost) operator method, goldfish, small dwarf 

method, the ultimate ideal solution, and so on [9-12].  Because the folding chair does not want 

to occupy the ground space is the fantasy, it is used to solve the goldfish method analysis. 

According to the analysis process of goldfish, the chair innovation scheme conceiving is 

established, and shown in Figure 3. First the obstacles to achieve the fantasy is found, and then 

the conditions of realizing fantasy and the resources that can be used to realize those conditions 

are analyzed. Finally the idea with using the non ground space (such as walls, ceilings, here 

mainly refers to hang on the wall) is determined. It is not simple hanging on the wall, also 

would beautify the walls, so it becomes a decoration, and then the concept of ornaments chair 

is put forward. 

Further used with multi-screen method (as shown in Figure 4) to analyze the problem what 

kind of decorative elements combined the chair, and the thinking is diverged. Considered music 

being enjoy for inspiration and spirit of young people, so the music element is selected to be 

combined with the chair, while guitar is more common musical instrument, and is loved by lots 

of young people. In a word, the guitar element is selected to combine with chair, and the scheme 

of hanging guitar chair is established, is shown in Fig. 5. 
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Fig. 3 The solving process of goldfish 

 

Fig. 4 Multi-screen 

Question: how to reduce the occupied ground 

space? 

Fantasy: don't occupy the ground space 

Why the fantasy is not realistic?  

The chair is always on the ground. 

Reality: folding 

Under what conditions, the fantasy can be turned into 

reality?  

Available resources:  

Sub-system: chair-face, chair-back, chair-feet, etc. 

Super-system: room walls, etc. 

New ideas  

The folded chairs hanging on the wall, and for 

Hanging 

element 

Music, art 

Simple 

ornaments 

Complex 

ornaments 

Conbined art 

element 
Musical 

instrument, 

Hanging 

decoration 

products 

Fixed 

decoration 

Adaptive 

decoration 

products 
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Fig. 5 The solution scheme: guitar hanging 

 

2.2 Solving the folding problem based on the dwarf method 

 
After the idea about chair that acted as guitar hanging decoration after no using is determined, 

the chair shoud be designed to foldable structure, wchich can perform the functions with sit 

and decoration. The dwarfs method in TRIZ theory is introduced to establish the chair's folding 

scheme. According to the analysis process of dwarfs method, first set up the dwarfs model of 

the original system, which the guitars is composed of the head, the neck and the resonance 

cavity, with two groups of dwarfs (head and neck for a group). And then the subjective initiative 

of the dwarfs is brought into play, the part dwarfs in the resonant cavity is divided to two layer, 

and these two layers can rotate mutually, and dwarfs in the neck and resonance cavity consis 

of two leg, which are supported the chair face layer, and  they are across each other, so the 

preliminary folding scheme is established, and shown in Figure 6. 

 
a) hanging plate structure      b) the dwarf model of the original structure 

c) improved dwarf model          d) improved chair structure 

   

Fig. 5 The solution results: folding guitar hanging 
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3. Conflict solving in the hanging decoration chair designing based on the 

contradiction matrix  

3.1 Conflict analysis 
 

Some contradictions would be encountered in the design process of guitar hanging chair, such 

as, the contradiction between the reliability of the chair and the size of the folded part, 

ornaments coordination function (produced gloomy effect) and the support leg width (chair 

stress is influenced). For these conflicts, firstly, they are described by the standard parameters, 

querying with the standard engineering parameter in TRIZ theory, guitar hanging chair faced 

two contradictions: 27- reliability /3 - moving object size; 31- the harmful factors produced by 

object /10 - force (stress). 

Table 1 Conflict parameter standardization 

No. Conflict 
Conflict standard 

description 

1 
the contradiction between the reliability of 

the chair and the size of the folded part 

27- reliability /3 - moving 

object size 

2 

ornaments coordination function (produced 

gloomy effect) and the support leg width 

(chair stress is influenced) 

31- the harmful factors 

produced by object/ 10-

stress 

 

3.2 Querying from contradiction matrix 
 

Based on the standard engineering parameter in TRIZ theory, the classical TRIZ contradiction 

matrix is queried, and shown in Table 2, the recommended inventive principles are obtained: 

15 (Dynamics), 14 (Spheroidality-curvature), 9 (Preliminary anti-action), 4 (Asymmetry) 

(these four principle corresponds to the first contradiction); 35 (Parameter changes), 40 

(Composite), 1 (Segmentation), 28 (Mechanics Substitution) (these four principle 

corresponding to the second contradictory). Comprehensively analyzing for the inventive 

principles, the inventive principles about 15, 4, 14, 1, 28 are selected to solve these two 

contradictions. 

Table 2 Simple table of conflict matrix 

 1 2 
3 

4 9 10 
11

39 

1 26      

27  
15 9 14

4 
   

28 30      

31    
35 28 1

40 
 

32 39      
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3.3 Analyzing for the principle solution 
 

According to the selected inventive principles: 15 (Dynamics), 14 (Spheroidality-curvature), 4 

(Asymmetry), 1 (Segmentation), 28 (Mechanics Substitution), some insight are gained: 1) leg 

is made to sliding structure, when a folding chair is spreaded to chair for people sitting, it does 

not affect the structural stability, and after it folded, the sliding leg can slip to the behind of 

guitar body surface, the appearance is not being affected. 2) the guitar style elements are 

intergated into the hanging chair, and the appearance of hanging chair is designed to be similar 

to the guitar surface, the decorative effect is enhanced. 3) the asymmetry structure of guitar is 

retained, which the shape of guitar is reflected in the new chair. 4) the resonant cavity part (the 

dwarf method also got the similar conclusions), is divided into two layers, the two layer can be 

rotated each other. At same time, it is split out a support leg, this leg can be relatively slided in 

the behind of the resonant cavity part. 5) the physical field is used to lock the sliding leg, such 

as locked by the magnetic field, is shown in Fig. 6. 

            

Fig. 6 The magnetic locked sliding leg 

 

4. The hanging function solving of Ornaments chair based on scientific 

effects 
 

When the guitar type hanging chair is not in using, it is hanging on the wall as a decoration, 

but the wall nailing a nail can affect the beauty of the room walls, there are danger as the nail 

bumps. How to solve this problem? For thisľHow toĿmodel, the TRIZ scientific effects 

library is used. Through querying the scientific effects library, the magnetic field effect (E13) 

is used, a piece of iron is pre attached on the wall, and the guitar trype hanging chair inlaid a 

magnet at one end (Figure 7), so that ornaments chair can be easy to hang on the wall without 

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 resonance cavity is divided to two layer, 

and they consist the chair folding mechanism. The positive shape is the guitar appearance 

(guitar head and neck, resonance) or characteristics. These structure ensures the appearance 

and the function of the chair, is shown in Figure 8. Further the size of guitar hanging chair is 

given (Figure 9), for processing it. the mechanical analysis of guitar hanging chair are given 

(Figure 10) and its strength to meet the requirement. 

    

Fig. 8 The result of guitar hanging chair 

 

Fig. 9 The chair size 
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Fig. 10 The analysis of chair 

 

              

Fig. 11 The 3D printed model of chair 

 

 

6. Conclusions 
  

(1) TRIZ theory can help designers to quickly find the problem solutions. In this paper, the 

innovative thinking tools, contradiction matrix, invention principle, scientific effects library 

are used to find the results of designing difficult in the process of guitar hanging chair.  

(2) This guitar hanging chair combined the music elements and folding chair function, as it be 

used, it can be opened as a chair. When it is not in use, it can be as a decorations hanging on 

the wall, and the specific size given. The strength is analysed, and it satisfies the strength 

requirement. 

(3) This guitar hanging chair is printed by 3D printer, is shown Fig. 11. If produce in enormous 

quantities, 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 many innovation idea 

for improving this chair. 
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Abstract 

The latest World Economic Forum took place January 20-23 2016 in Davos, Switzerland, with the 

theme ñFourth Industrial Revolutionò. One of the outcomes ï future workforce will have to align its 

skillset to keep pace. Five years from now, over one-third of skills (35%) that are considered important 

in todayôs workforce will have changed. The top 4 skills, necessary for success in 2020, are: 

1. Complex problem solving ï a person must understand the root cause and to address the root 

cause rather than a symptom; 

2. Critical thinking ï a method of thinking in which a person questions all incoming information 

and even their own convictions; 

3. Creativity ï in a broad meaning, an ability to see something which doesnôt exist yet; 

4. Cognitive load management ï in a world rich with information streams, formats and devices, 

the ability to discriminate and prioritize, to filter out what is most important. 

Unfortunately, modern school doesnôt teach these skills on any level. In this paper we describe our 

approach to developing these skills in grade school and university students. 

 
Keywords: Skills for 21st Century, creativity, critical thinking, education 

 

ñToday, teaching creativity is more 

important than teaching literacy 

200 years agoò. 

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 sufficient for the 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 they were forced 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 workforce. 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 media resources made 

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 all of the important 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 their practices to 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 to employ 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 STEM ï science, technology, engineering and math ï but to thrive, in 

addition to these, they also require other elements, including critical thinking, creativity, 

leadership, global awareness, collaboration, an eagerness for lifelong learning, and the ability 

to deal with constant change and ambiguity. Yet, we donôt teach nor test these skills. In short, 

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 

amount of information increasing at a rapid pace, so are new technologies, and in tandem with 

this, public viewpoints are ever-changing as online social networks proliferate. Today, the 

ability to respond to abnormal situations is vital, to quickly and seamlessly immerse 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 very different competencies, a different kind 

of education, and other technologies for assimilating the "new". 

 

 
 

Fig. 1 Standardized testing in nature.  
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Fig. 2. The things we donôt teach nor test  

  

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. How do we do 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 future by doing 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 degree 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 different. Some of these areas require strong theoretical 

understanding, others require knowledge of a vast body of work, others require constant contact 

with a fast-changing industry, and others require lots of practice and experience. As individuals 

grow and blossom in their own fields according 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 contradictions in the 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 is in a serious 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, and elsewhere, 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 

education 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 conclude 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 the schools 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 activities ï design, artistic, research, promotes 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 complex problems), "communicative" (the ability to 

cooperate effectively with other people, be part of a team), "self-organization" (the ability to 

set goals, plan, make full use of personal resources), "self-education" (the willingness to design 

and implement one'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 their date of 

manufacture. Yet, 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 account, the focus is still on the so-called 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 special group 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 for self-organization, both self-driven and 

collective action by adolescents and also upper-class students. 

This is happening against the backdrop of the friction caused by contradictions in education: 

¶ between changes in the environment that lead to changes in the values and goals of 

education and the existing system in which the school functions; 

¶ between the new problems set before the school, new requirements for 

organizational and pedagogical conditions and the stereotypes that have developed 

about how to organize the educational process; 

¶ 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 professional competencies (supportive, moderator, facilitator, etc.);  
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¶ between the appearance of complex new educational technologies (open education 

technologies, critical thinking technologies, TRIZ technologies, etc.) and teachers 

who hold fast to traditional methodologies and standard teaching practice; 

¶ 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 of motivation. Learning requires motivation ï an 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? (Teachers donôt know how, students donôt have the 

habit, and tutors are too expensive).  

    As a result, students are missing out on some great opportunities to develop various 

intellectual abilities and acquire competencies outside the scope of the subject matter ð 

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 as active 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 creative, non-standard 

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 educational didactics and is prepared to introduce technologies for the development 

of new didactics and its practical application in the family, pre-school, and grade school areas 

of education. 

The new curriculum is based on globally-known methods for generating new 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, which has been accepted around the world, 

having proved its productive capacity in engineering, design, inventive and project-based 

education. These methods are adapted to the age and general education of the children, and are 

complemented by interactive games, practical activities, and more. 

3. WHATôS 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 individual ability to think. And most importantly, to be a divergent 

thinker.  ñDivergent thinking is creative, open-ended thinking aimed at generating fresh views 

and novel solutionsò1. However, one needs to be skilled at both, divergent and convergent 

thinking modes, to be a skilled problem solver. 

  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 lots of possible answers to a question. Lots of 

                                                 
1 http://www.businessdictionary.com/definition/divergent - thinking.html#ixzz4ChZnkGRQ   

 

http://www.businessdictionary.com/definition/creative.html
http://www.businessdictionary.com/definition/novel.html
http://www.businessdictionary.com/definition/solution.html
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 problems ï is a prerequisite for problem solving 

2. An ability/skill to learn ï 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 means of self-realization 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 conditions 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  

Criterion-based  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 basis. These days it became a genuine open problem. Due to a huge variety of choices, 

selecting a trade or a place of study, changing residence and finding a new job, even making a 

purchase has become an open problem. And we need to learn to live in this world of enormous 

variety. And again we have a choice ï do we continue to think linearly or develop dynamic 

thinking skills. 

There is another fine distinction that makes all the difference. If a person is unable to cope with 

piling up problems, they are more and more difficult to deal with. It is common knowledge that 

you sow a temper and reap a destiny. If you want children to be happy and problem-free, teach 

them properly in accordance with their actual needs and the new realities of life. Incidentally, 

in this case children display no such reluctance to study as they usually do at an ordinary school. 

The big question is how to properly orient education? Here are some effective remedies defined 

as principles in Anatoly Guinôs book Principles of Teaching Technology. These principles 

build a bridge between the present and the future. They are already put into practice in today's 

best schools and will be just as relevant in future, though applied technically in a different way. 
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Basic Principles of Teaching Technology:   

 
FREEDOM OF CHOICE  
 

Definition  

In any action of training or management, wherever possible grant the student the right to 

choose. Provided that the choice is always balanced by the conscious responsibility! 
 

This can be done within the framework of the present education system. Here are just some 

examples of free choice, offered by worldôs finest educators.  Give the students an assortment 

of tasks, and they themselves decide what problems to solve. Offers the students to choose 

themselves what difficult words the teacher should write on the blackboard.  Gives the students 

only the topic and the students themselves determine which object to make and out of what 

material. 

 

OPENNESS 
 

Definition  

In the process of teaching use open problems; while sharing the knowledge to show the 

latterôs confines; confront students with problems, solutions to which go beyond the scope of 

the studied course. 

 

Students have a very vague idea of the scope of their information awareness, let alone the 

boundaries of scientific knowledge. No wonder, they display no curiosity, without which any 

teaching comes down to upbringing of obedient doers.  

At school students learn to solve closed problems (from point A to point B...), while life puts 

forward open ones. The studentsô interest and, accordingly, all our educational efforts vanish 

in the gaping chasm between them.    

 

ACTIVITY  
 

Definition  

Organize development of the studentsô knowledge, skills, abilities and purports mainly in 

the form of activity. 
 

While knowledge tests come down to glib answers, resembling a tape-recorder playback, while 

learning and reviewing are carried out in the mode of memorizing, 90 per cent of school efforts 

are futile and bear no fruit. 

To make knowledge a tool rather than a trashcan in the backyard of the mind, students must 

work with it. By this we mean that students should assess, apply, convert, extend and 

complement it, as well as find its new connections and relationships, see it in different models 

and contexts. 

 

FEEDBACK  
 

Definition  

Regularly monitor the learning process through an advanced system of feedback methods. 
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The more developed technological, economic, social and educational systems are, the more 

feedback mechanisms they contain. The pilot in-flight monitors the outside temperature, the 

amount of fuel left in the tanks and other instrument readings all the time. This is a must for a 

safe flight. The same approach is true for a successful lesson, too. During a lesson the teacher 

constantly monitors the mood of the students, their interest, the level of understanding and 

other factors. 

 

IDEALITY  
 

Definition  

Improve education efficiency and make it cost-effective by taking full advantage of the 

opportunities, knowledge and interests of students. 
 

Activity and self-organization of students increases the ideality and effectiveness of teaching 

and monitoring efforts of the teacher. If we manage to adapt the content of studies and forms 

of training to the development and academic needs of the class, the students will crave for the 

knowledge themselves. If we manage to agree on the pace, rhythm and complexity of learning 

with the abilities of students, they will feel successful and want to further sustain it. This 

principle implies active involvement of students in management of the team they belong to 

and, accordingly, in teaching each other. The teacher does not get tired while the efficiency of 

the teaching effort goes beyond the limit. Certain quite useful teaching techniques have been 

rejected in view of their low ideality: they require either too much effort on behalf of the teacher 

or too rare qualities of character. 

Principles of teaching technology are declaratory per se. It is the methods and technologies that 

make them practical. But even the best teaching technique makes only half the work. The 

second half is the content of education. What exactly shall we teach? 

What Shall We Teach? 
 

Education is based on the transfer of knowledge, which often becomes outdated before 

becoming part of educational programs. It is impossible to keep up with the science. 

We are facing a paradox: we must teach children to live in the world of future which is a closed 

book for ourselves. This paradox appeared relatively recently, when technological and 

scientific paradigms started to change within one generation. For example, technological 

paradigms of radio-design changed four times in one generation: vacuum tube ï transistor ï 

micro-circuitry ï large-scale integrations. 

Strictly specialized education does not meet the challenges of life any longer. A domain expert 

is hard to retrain and knows little if anything of related branches of knowledge. Solution of 

modern problems requires a systems approach, the ability to see long-term consequences. A 

successfully solved problem creates new opportunities. A badly solved one brings trouble. This 

is true not only for academic and other professional activities, but for everyday life as well. 

At the present, neither higher nor secondary education meets this requirement. Large 

commercial companies are increasingly trying ï with varied success ï to solve the problem in-

house. In an attempt to counter narrow specialization the US Bell System has established The 

Humanitarian Institute for promising managers. 

 After many years of educating ñsubjects and portionsò it is hard to expect that systemic 

thinking will come into existence all by itself. Here is how an eminent Russian educator K. 

Ushinsky figuratively described the results of such education for an average student. ñConcepts 

and even ideas are arranged in his mind in dead strings, resembling rows of swallows 



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

 

154 

 

benumbed by the cold. Despite being very close, the swallows are 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 other.ò 

A renowned physicist Leo Szilard gave a very elegant illustration of the unknown. It is the 

space outside a ball, which symbolizes all the knowledge of the mankind. The greater the ball 

is the greater becomes the border area with the unknown. And each spot of this area is nothing 

other than a new open problem.   

There is nothing that prevents saturating school education with open problems. Regular 

confrontations with exploratory and creative problems of unknown solutions are as critical for 

the development of mind as vitamins for a growing body. There are such problems in every 

subject and interdisciplinary area. And it is these problems that shape and develop creative 

intuition. After all, apart from being a nature-given talent, intuition is a specifically organized 

and embedded in the subconscious creative experience of solving unusual problems.  

Methods of developing imagination and inventive thinking have already come to education. 

Here are some facts. The Young Engineers Club in Britain runs regular national competitions, 

publishes its own magazine. The U.S. Patent and Trademark Office initiated a special 

partnership PROJECT XL, designed to support the development of inventive thinking 

curriculum for all student populations. The PTO has also developed the Inventive Thinking 

Resource Directory for teachers.  

Albert Einstein noted that ñimagination is more important than knowledge, for imagination 

embraces the worldò. To this we would like to add: knowing how to think outside the box, that 

is, how to imagine, is even more important. The Theory of Inventive Problem Solving develops 

and puts into practice high-order 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. Of course, 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 acquire teaching 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 creative as well, different from the primitive implementation practice. And all this is quite 

feasible. 

4. CONCLUSIONS 

The ideal didactics means no didactics at all. A student strives for knowledge so vigorously 

that nothing can stop them. Without electricity they would read by candlelight. 

The ideal management means 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 head ruler nor by 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 concepts of 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, ROA.  

1. Introduction. Problem description  

The idea of this article was conceived in the 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 needed to 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 any technical 

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. As the customer put 

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 in innovation 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 

goals into the ñTRIZ-languageò and reformulate the solutions and suggestions 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 problems and 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 so-called managerial accounting, in the search for one that could serve as an "interpreter" 

from the language of economy into the TRIZ language, and back. After several iterations, we 

chose the ñDuPont modelò, developed by the DuPont company in the 1920's /1/, /2/. Here is 

why we chose it as the basic model: (a) the model concerns all the 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 return on 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) 

 

where ROA is ñreturn on assetsò; 

ñProfitò is the profit from transactions during a specific period; 

ñAssetsò means the sum of assets that ensured the corresponding profit.  

 

The ROA value can serve as an indicator of business efficiency. If the returns on assets excess 

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., it is evident 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) 

 

where ñSalesò refers to company sales volume.  

This interpretation of ROA is more instrumental than (1) and contains more "manageable" 

factors. This evidently implies that, in order to increase business efficiently, 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 development 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 instrumental, still 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 competitive 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, re-packing), 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 borne to get the required consumer properties.  

I = × F / × C           (3) 

 

where ñIò stands for "ideality"; 

 ñ× Fò, for the useful functions of the product; 

 ñ× Cò, for the sum of "requital factors", the expenses for using the functions.  

  

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 getting them (specific 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:  

I = × F / × C ~ Sales/Cost2       (4). 

 

The second part of the (4) formula can be obtained through a series of simple rearrangements 

of the DuPont formula:  

Profit/ Sales = (Sales ï Cost)/Sales = 1 ï 1/ (Sales/Cost)    (5) 

 

and, if we set Sales/Cost as "product ideality", or Ip, then the (5) formula and the first part of 

the DuPont model shall look like 

 

Profit/Sales = 1 ï 1/ Ip                     (6)  

 

where the general logic of the DuPont formula and the ideality increase logic are maintained: 

this multiplier grows along with Ip, meaning that increasing the ideality 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 second component 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 terms are 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 accounting, 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, to-wit, how many useful ñfunctionalityò (Sales) have been provided using the 

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 given period (and we may call it ñorganizational idealityò, Iorg). In this 

case, assets are the resources that were available to the company; they are essentially similar 

to ×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 proportion has a monetary expression.  
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to manufacture all the required product volume (suggesting that Sales ~ ×F). Similar to the 

case of product ideality, we can notice that the increase in organization ideality Iorg also 

increases the ROA value, in line with our goal of linking together TRIZ tools and economic 

business indicators.  

As a result of our rearrangements, the DuPont formula now looks as follows: 

 

ROA = (1 ï 1/Ip) * I org                                             (6) 

 

where Ip is product ideality 

Iorg is organization ideality.  

3. Flow models in use: hypotheses and cases 

The next important step in the rearrangement of the DuPont model was taken 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 following: no doubt 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 between "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 and another 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 figures related to a 

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 traditionally interpreted in a static manner, usually represented 

as a "one-off 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 DuPont formula.  

However, we managed to solve this issue using the TRIZ toolset called "flow analysis" /4/. We 

used it to re-interpret the Assets of the warehousing facility in question as one of the elements, 

to-wit, the "channel". Metaphorically, Assets (resource) can be imagined as a ñriverbedò upon 

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 from static into 

dynamic: we found out that the resource is not the one-off (instant) 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 example of applying 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". I.e., the resource is not 3,000 

physical cells within the warehouse 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 on the aforesaid hypothesis, we have formulated two main ways of increasing the 

"organization ideality", Iorg: 

Var2 = ( × Fŷ )/ (Assets = const),      (7) 

 

increasing the deployed functions (Sales) on the same assets amount as before.  

 
Var1 = (× F = const)/ (Assets Ź),        (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 unobstructed. Here 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 the necessary objects from among the other ones in the cell). 

First, this was very time-consuming; 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 issue is getting more storage shelves and engaging more staff members in selecting and 

batching, resulting in the growth of the Sales ~ ×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 Iorg value. 

The TRIZ team suggested the following nonstandard solutions for this bottleneck:  

(a) make the shelves inclined to 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 when compared 

to its subsequent benefits)3. In this case, we used a resource-based 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 sends it to the 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 can also be 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 "self-searching system" resource-based 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 non-slip coating.  
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The (8) procedure is, 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 ideality" Iorg, 

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 that the key 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 prospects  

As already stated before, our theoretic survey was performed along with a real-life business 

project and was subject to respective timeframes and resource limitations. The TRIZ team 

managed to do what was required: find, formulate and solve technical problems 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 generalize and circulate 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 of the 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 cost-and-value analysis) and "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 of "specific" 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", 

"business"). Due to this, the procedures of system analysis are different for these systems. In 

Fig. 1 
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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 system, therefore it 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 measurements in the 

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 increasing 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 were introduced 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 approach. Such 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 the similarities and 

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, and 

- 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 P. Drucker, 

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 the target users 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 concerning problem formulation, the process of problem solving, 

resource identification, and implementation of the solutions developed. 

Keywords: TRIZ & management, systematic approach to innovate  

1. Essential Attributes of Innovation: Creativity and Management 

Before there can be a discussion about its attributes, the term ñinnovationò should be defined 

yet again. There are thousands of versions of this definition available - if we type ñinnovation 

definitionò in Google, it will bring about 383,000,000 results. Extensive research on this topic 

has been presented recently by Nick Skillicorn [1]. He contacted fifteen of the worldôs leading 

innovation experts and asked them three questions: 
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1.  What is your definition of ñinnovationò? 

2.  What mistake do companies often 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 surprised him: ñEven amongst the group of industry 

insiders here who teach and author books on innovation methodologies, case studies and 

thought leadership, there was a huge variety between the responsesò [1]. Next, he analyzed the 

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:  

ñThe application of ideas that are novel and useful. Creativity, the ability to generate novel and 

useful ideas, is the seed of innovation but unless itôs applied and scaled itôs still just an ideaò. 

David Burkus 

ñAn innovation is a feasible relevant offering such as a product, service, process or experience 

with a viable business model that is perceived as new and is adopted by customersò. Gijs van 

Wulfen 

ñThere can be no innovation without commercializationò. ñMove from idea generation to 

product commercializationò. Mike Shipulski 

ñCreativity is thinking of something new. Innovation is the implementation of something newò. 

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 and achieves value for both the company and customer. 

Skillicornôs analysis [1] can be depicted graphically as shown in Fig. 1 below.  

The authors believe this definition is both practical and instrumental. In fact, this final 

definition, as well as some from other experts, contains two fundamental terms: 

- ñexecutionò which is associated with management, and  

- ñideaò which is associated with creativity and the ability to invent or identify/develop new 

things. 

It is also important to note that some innovation experts mention the need to employ systematic 

methods to create successful innovations: ñA simple thing companies can do to change the 

conversation about innovation is to train it. Set up formal courses teaching systematic methods 

of innovation like SIT and TRIZ. Teach people about idea management, idea selection, and 

pipeline development. In other words, see innovation as a competency like leadership or 

ethicsò. Drew Boyd [1] 

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 ideas. Both Druckerôs management fundamentals and Altshullerôs TRIZ appeared at about 

the same time ï the middle of twentieth century ï  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 innovations, TRIZ and management can significantly enhance companiesô 

ability to innovate.  

 

Fig. 1. The ultimate definition of innovation based on the opinions of innovation experts 

Below, the authors have summarized the similarities and differences 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 will discuss 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 G. Altshuller and  

P. Drucker  

In Table 1 below, TRIZ and management theories have been compared using the set of criteria 

proposed by the authors.    

Table 1 

Comparison of theories established by G. Altshuller and P. Drucker as proposed by their founders  

Criterion  G. Altshuller  P. Drucker  

Objectives - Controllable evolution 

- Every problem should have its 

solution 

- Support for decision makers 

- Long term programs of 

development 

Area of 

applications 

Creative imagination for anyone, 

anywhere, anytime 

Generally people oriented 

Information basis - Patent collection 

- Case studies from seminars 

Systematization of leadersô 

experience 

Features of 

theories 

- Resolving contradictions, instead of 

compromising 

- Adapting ideas from other areas 

(including scientific effects) 

- Trends of evolution; empirical 

forecasting  

Socrates style: ñI cannot teach 

anybody anything. I can only 

make them think.ò 

Typical format of 

tools developed 

- Multistep algorithms, e.g. ARIZ     

- Detailed recommendations - e.g. 

Standard Solutions, pointer to effects 

Questionnaires specific to area 

of companyôs interests. 

Main approach to 

solving problems 

In-depth analysis of initial problem 

and understanding its fundamental 

causes 

Identification of outer 

opportunities - ñResults are 

obtained by exploiting 

opportunities, not by solving 

problems.ò  

Formats of theory 

proliferation 

Seminars and workshops for solving 

actual problems and collecting 

examples / case studies for further 

seminars 

Personal and comprehensive 

interviews with leaders of large 

corporations 

First users Engineers, researchers - developers 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 non-profit 

organizations 

Influence on 

professional 

community 

Introduction of a new occupation - 

Professional Inventor 

Establishment of a new category  

of professionals: Knowledge 

Workers 

As can be seen from Table 1, Altshullerôs and Druckerôs theories do differ in many ways: 

different objectives, tools, first 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 

address technical problems, 

- Peter Druckerôs theory focuses on identifying and exploiting opportunities. 

Current mainstream TRIZ development is largely focused on increasing the efficiency of the 

analytical tools that allows identification of ñrightò problems to be solved. That is because of 

the paradigm shift: ñwe donôt need to spend time and effort for solving any problem; instead 

we should focus our effort on identifying and solving problems that lead to innovation.ò In 

keeping with this updated paradigm, TRIZ can 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 shown above, creative ideas and management are two attributes of any innovation.  TRIZ 

experts are able to generate numerous creative ideas, but the question is ñWhat is the one 

winning idea we can use to create an innovation?ò 

Another important note is that 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 Litvin [2] is one of the most efficient problem-solving 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 approach to data analysis has 

been proposed recently by McKinsey [3]: ñTraditional data analysis is based on what 

information you have, advanced analytics on what information you needò (see Fig. 2). 

 

Fig. 2. Comparison of approaches for information analysis 

According to this approach, we 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 on the comparison presented in this paper is as follows: there are 

no critical differences between the two approaches, that is, the ñsearch for opportunitiesò and 

the ñsearch for ideasò are quite similar. The first approach can identify a general, potential 



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

 

168 

 

direction, while the second approach supports the practical implementation of a selected 

direction. TRIZ is characterized by a set of proven methods for solving technical problems that 

appear within a direction/opportunity. In other words, TRIZ supports the part of innovation 

responsible for ñnew ideasò; management is more about execution of ideas.  

Originally, TRIZ was created for engineers and focused on technical problems only. That is 

why it has well-developed procedures and algorithms for solving problems. Druckerôs 

approach was oriented to elite managers and is based on questions that are formulated very 

precisely and then discussed in detail.  

Nowadays, for innovative activity to be successful, the work of managers and engineers must 

be all-encompassing. Therefore, a combination of the two approaches - TRIZ and management 

- leads to win-win methodological developments that can be used at different levels in 

organizations. 

Having performed this comparative study, the authors now believe in the relevance of further 

methodological developments in adapting TRIZ for management. There are, of course, a few 

methodological developments in this area by other TRIZ practitioners (see, for example, [4], 

[5]). The research presented here may be used as a starting point for the systematic development 

of a combined TRIZ-Management approach which can accumulate and integrate the 

methodologies now available. 
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Abstract 

According to the analysis of the technology system evolution model of modern green transportation 

bicycle, the paper found the existing problems of the bicycle in current market: After riding, 

inconvenient to place and carry the bicycle; poor user experience with strenuous and time-consuming 

features as well as the conflict between ideal final result and product cost. This paper planned to start 

with the innovation principle of TRIZ theory, using cause and effect as well as system functions to 

analyse. For mechanism design, the paper used mechanics substitution, changed the operation and 

another dimension, and redesigned the folding mechanism; for product cost and ecological design, the 

paper used the ideal result of resource analysis method, so as to better meet the requirements of practical 

procedure. Applying multiple ways of 40 principles of invention, it aimed at increasing product 

diversity as well as achieving a better user experience, looking for various solutions, and the paper 

ultimately confirmed the improvement direction through comparing the products' idealization and 

feasibility assessment, so as to gain preferred plan, that is, using the new design plan of metamorphic 

mechanism, which possesses the advantages like simple structure, strong property, light and portable, 

two-wheeled parallel after folding, easy to ride and carry, less space and so on. It satisfied the 

development direction for the bicycles to tend towards green revolution, portability, light weight and 

fashion. Moreover, the paper also proposed future intelligent application and safety indicator system as 

the application prospect of modern bicycle with practical promotional value. 

Keywords: TRIZ, folding bicycle, ideal final result, innovation design 

1. Introduction  

Bicycle is one of the most popular means of transportation [1], it is flexible, portable, eco-

friendly. Especially environmental pollution, energy pinch, traffic congestion is becoming 

increasingly serious [2], which afford the advantages of bicycle inject new vitality into life. As 

China's big population density, the shortage of land and road resource, hence bicycle is 

indispensable now or in the future, and research on bicycle will also continuously innovate and 

progress [3].  

2. Technology system evolution theory analysis on the evolutionary process 

of bicycle 

The eight laws and patterns of technology system evolution (as shown in Table 1) [5] guide 

innovation and development of products, based on pattern 3, pattern 6, and pattern 8 of the 

technology system evolution, the evolutionary process of bicycle is analyzed as follows: 
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Table 1 

Table 1. Eight Laws of Technology System Evolution and Patterns Technology System Evolution  

The Laws of Technology 

System Evolution 

The Patterns of Technology System Evolution 

Law 1 Law of technology 

system evolution S-curves 

Pattern 1 Technology follows a life cycle of 

birth, growth, maturity, decline. 

Law 2 Law of enhance 

idealization 

Pattern 2 Increasing Ideality. 

Law 3 Law of subsystem 

imbanlance evolution 

Pattern 3 Uneven development of subsystems 

resulting in contradictions. 

Law 4 Law of dynamic 

evolution 

Pattern 4 Increasing dynamism and 

controllability 

Law 5 Law of evolve to  

super system 

Pattern 5 Increasing complexity, followed by 

simplicity through integration. 

Law 6 Law of subsystem 

harmony 

Pattern 6 Matching and mismatching of parts. 

Law 7 Law of evolve to 

microcosm 

Pattern 7 Transition from macrosystems to 

microsystems using energy fields to achieve 

better performance or control. 

Law 8 Law of evolution to 

automation 

Pattern 8 Decreasing human involvement 

with increasing automation. 

 

Altshuller, Henry. 1994. The Art of Inventing (And Suddenly the Inventor Appeared). 

According to pattern 3 and pattern 6, the uneven development of the bicycle system leads to 

the emergence of conflicts, which have initiated the innovative form of bicycle [4]. There were 

no pedals in the original design of bicycle, by stepping on the ground and making friction, 

cyclists drive the front and the rear wooden wheel rotates, and drive the bicycles move straight 

with retroaction, among which the contradictory conflict is that the bicycles move too slow. In 

order to solve the conflict, the front wheel is made bigger than the rear wheel, and the pedal is 

installed on the front wheel, the speed is directly proportional to the diameter of the front wheel, 

due to the uneven development of the front and the rear wheel, the size difference is thus 

intensified, resulting in the instability of the bicycle. To solve this conflict, designers began to 

study the transmission system of the bicycle, equipped it with chain and sprocket, the 

application of chain transmission system not only enhances the stability of the bicycle, but also 

increases its speed. However, the chain transmission system of the chain-bicycle is composed 

of crank, sprocket, chain, flywheel, rear axle, but all the parts are equipped in a loose fitting, 

the whole transmission system is large space occupied and exposed outside, which even can 

cause the chain to take off and break. In order to further solve the problem, non-chain bicycle 

appears, with the help of gear transmission, shaft and gear transmission system, each parts are 

closely integrated as a whole without loose situation appearing, the total transmission is little 

space occupied. The mechanical efficiency of gear transmission is over 98%, the mechanical 

efficiency of the chain transmission is only 95%, however, non-chain bicycle has not become 

the mainstream of the market. According to model 8, decreasing human involvement with 
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increasing automation, affords the electric bicycle and electric folding bicycle success and 

show more advantages, but for the consumer market, expensive cost and energy consumption 

reveals its greater defects. The prospect of folding bicycle application is broad, and the folding 

bicycle will have larger development space. 

Nowadays popular folding bicycle has the following design styles: Beam-folding Mode, A-

bike Mode, Internal folding Mode, Uniaxial Support Folding Mode. Different applicable 

situation and the demand of different consumers promote different types of products; various 

folding designs all have their features as well as disadvantages. However, they all have the 

following disadvantages: folding method is complex, time-consuming and laborious, folded 

shape is irregular, two wheels are not parallel, inconvenient to carry, applicable occasions are 

restricted, riding comfort is low and easy to get tired with low security. 

3. The system analysis of existing folding bicycle 

The Several typical folding ways all have technical contradictions 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 

radiation type, the front wheel and the rear wheel cannot fold parallel to each other, the space 

cannot be used effectively. As the wheels is not parallel, and cannot roll on the ground, which 

leave man to make it move forward, hence it is not convenient to carry, such as the Beam-

folding Mode which 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 limited, because if the wheels are too big, the volume of wheels cannot 

change significantly after they are folded, so riding stability and comfort cannot be guaranteed, 

such as the Internal Folding Mode and A-bike Mode (Figure 2). 

(3) Some folding ways can afford the front 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). 

 

Fig. 1. Beam-folding Mode            Fig. 2. Internal folding Mode and A-bike Mode 

 

Fig. 3. Other modes (Strida folding Mode) 
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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, and the current existing folding methods are generally to 

fold in a plane, such as Beam-folding Method which can only fold all the stuff in plane YOZ, 

the Internal Folding Method and the Front-parts-folding Method which can only fold all the 

stuff in plane XOY. All the above folding methods cannot use space effectively. Even though 

the front and rear wheels can be overlapped together, the front and rear axles are all cantilever 

structure, the structure is not stable, and the service life is short, hence all folding methods have 

their own shortcomings. Therefore, conclusion can be made that it is inconvenient for users to 

carry folding bicycle and the user experience is bad, the reasons are the limitations of key 

mechanism design and thinking mode of folding status changing. 

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 satisfaction. 

4. Folding bicycle innovative design on TRIZ 

4.1. Design folding bicycle system based on TRIZ innovative theory 

On the aspect of mechanism design, the technology part of the entire product is folding 

mechanism. Therefore, the ideal result is replacement of parts or the entire system, principle 

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 design, to meet the 

standard production mode and the consumer acceptance, based on the ideal use of resources 

(to ensure the consistency of the general part as far as possible), consumersô better comfort can 

be better met. 

On the basis of ensuring the original components as far as possible and TRIZ innovative theory, 

to redesign the folding mechanism, following analysis, finally to find the most suitable, 

enforceable innovative ideas (Figure 4). Based on the best use of resource, the following 

principles can be used: principle 12 Equipotentiality, the design level of product material and 

general components is not upgraded or reduced, only the working principle of mechanism is 

changed; principle 27 Inexpensive, short-lived object for expensive, durable one, low-cost 

objects replace expensive objects to better adapt to the automatic production, to do improving 

design based on national standard parts; principle 16 Partial or overdone action, to solve the 

problems better and quicker, to reach good effect based on the best use of original resource. 

On the basis of changing principle of the ideal result, the following principles can be used 

separately: principle 17 Moving to a new dimension, to change present movement mechanism 

of the single dimension plane into motion mechanism with multi-dimension plane, to increase 

the activity as well as to ensure the stability; principle 35 Transformation of the physical and 

chemical states of an object; principle 36 Phase transformation, to change the motion mode of 

folding bicycle, especially for the key motion parameters and 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 mechanism; principle 25 Self-

service, better consumer experience is offered after 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 riding ; principle 32 Changing the color, the final product should be 

represented as a variety of comfortable colors, to meet the requirements of people from 

different levels, increase the diversity of products, so as to make it a perfect product which can 

adapt to the modern market [6]. 
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Fig. 4. Using the method of TRIZ analysis to solve problem and innovation design 

4.2. Arrangement and evaluation of technical innovation design 

(1) Design integrated by mechanism and electricity: 

Electric folding method: there are two main folding points, the first is the frame folding, 

introducing the folding principle of the pole of folding umbrella, the structure is novel and easy 

to operate. Frame folding 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 effect of the frame folding. The second 

is the seat post folding, introducing the connection method of the rotating thread sleeve, it is 

easy and convenient to install and fold. The effect of the seat post folding is shown below. Seat 

post folding process: rotating the thread sleeve 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 volume cannot be 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 more accuracy, 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 not suitable for mass production. 

Problem analysis

Causal analysis System function 

Contradictions of mechanism 

Ideal Result

Principle change Resource use

Replacement of parts or the 

entire system

17 Move to a 

new dimension

25 Self-service

33 Homogeneity

32 Changing the colour

35 Transformation of the 

physical and chemical states 

of an object

36 Status change

27 Inexpensive, short-lived object 

for expensive, durable one

12 Equipotentiality

16  Partial or overdone action
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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 can be efficiently folded, such as magic 

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 and narrowing and broadening characteristics, the large satellite 

antenna and solar panels in the field of aerospace are all typical folding metamorphic 

mechanism, the above typical examples are formed by using the metamorphic mechanical 

principle, so as to better realize mechanism of 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 topological structure of metamorphic mechanical and 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 in the X-Y plane, 

even in the 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 mechanism of the folding 

bicycle, no need to worry about losing the function of traditional folding device by repeating 

use, increasing the life span of the folding mechanism bicycle. The folding mechanism of 

bicycle designed by metamorphic mechanism has no special requirements 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, which cannot 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 mechanism (self-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 design 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 meet the 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. Evolutionary theory 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 transfer, which afford any products innovation 

guiding significance. 
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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 growth and spread 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) as an introductory combined course is but one way 

to simplify the teaching of TRIZ thinking and principles. This should reduce the learning effort required 

by new students and encourage the uptake of TRIZ. 

Four questions arise:  

Question 1: ñDoes combined training dilute the essence and power of TRIZ?ò 

Question 2: ñDoes combined training raise the TRIZ learning burden of candidates?ò  

Question 3: ñWill combined training increase the growth and acceptance rate of TRIZ?ò 

Question 4: ñWhich combined training approach will foster the spread of learning and using TRIZ?ò 

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 questions 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 Altschullerôs ideas.  

Keywords: Learning, Teaching, TRIZ, USIT, SIT, Real-World 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, and the structure 

and purpose of the paper. 

1.1. Background 

Genrich Altshuller developed the fundamental tools of TRIZ, by analysing authorôs certificates 

and patents in Russia [1]. He synthesised and organised his research findings to create the 

original components of TRIZ. He was always keen to find a tool that would integrate or unify 

the many components of TRIZ [2].  
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Many of Altschullerôs students learned and used the existing TRIZ components to good effect. 

Other users of TRIZ expanded it to incorporate additional inventive or complimentary methods 

such as Six Sigma [3] or to move beyond engineering to the arts, such as culinary arts [4], to 

business [5] [6], to organisational management issues [5], and to specific industries, for 

example to construction [7]. A third group of TRIZ users shared Altshullerôs desire for 

simplifying TRIZ, and Advanced Structured Inventive Thinking (ASIT) [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 authorôs sale of his information technology business, combined with his experience in 

developing, presenting and growing training, prompted him to learn TRIZ in order to teach and 

propagate it. His fifteen years of experience in teaching confirmed to him that óthe whyô 

together with the real-life 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 levels 1 to 3 [12] 

are compared and contrasted with the authorôs combined (TRIZ-USIT) training course content 

presented in six modules [11].  Real world example problems in the combined course are 

presented to students for their impact on learning in both TRIZ and USIT approaches.  One 

such example is presented in this paper.  

In section 3, four questions, chosen to generate insights, are answered based on the authorôs 

experiences and from the experiences of others who have been involved in combined TRIZ-

USIT approaches [8] [9].   

The four questions are: Firstly, ñDoes combined training dilute the essence and power of 

TRIZ?ò Secondly, ñDoes combined training raise the TRIZ learning burden of candidates?ò  

Thirdly, ñWill combined training increase the growth and acceptance rate of TRIZ?ò  And 

finally, ñWhich combined training approach will foster the spread of learning and using 

TRIZ?ò 

The purpose of this paper is to generate learning and discussion from insights into the combined 

TRIZ-USIT training approach.  The hope is 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, after learning 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. Ed. Sickafus, 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 not require the use of software or databases, or 

complex procedures and table look-ups. 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 space-time dependencies, functional and multi-screen 

thinking, and the óclosed worldô and óparticlesô diagram approaches to ideal solutions, blend 

analysis and creativity with thinking.   

The USIT practitioner is encouraged to document flashes of inspiration as óplausible 

conceptual solutionsô throughout the process. The USIT practitionerôs mind is primed with a 

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 easy-to remember, three-step process to produce results. Step one is óProblem 

Definitionô, where the aim is to get to a well-defined problem statement; Step two is óProblem 

Analysisô where the problem is viewed in its system context. Trimming or removing objects 

which are not directly related to the problem, provides sharp focus. Step three is óProblem 

Solutionô, where additional plausible conceptula solutions are added to earlier solution ideas 

that were generated in the first two steps. 

Sickafus emphasizes that, although the USIT approach has three main steps and each of these 

has a handful of substeps, the content 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 plausible conceptual 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 through the Combined Training Modules 

Figure 1 and its accompanying explanations, compares and contrasts the TRIZ required 

knowledge and competencies with the content of each of the authorôs six combined course  
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Fig. 1. TRIZ Practitioner Levels Related to Combined Course Modules 
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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 established between Matriz Practitioner levels 1 and 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 combined course content entities are categorised as: 

óSignificantôï there is an easy-to-see, direct relationship; óEquivalentôï less easy-to-see, yet 

still direct relationship; óPartialô ï some degree of connection, and then two óWeakô and óVery 

weakô relationships.   

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 is poorly related to, or absent from the 

combined training modules. Small circles or ovals on the combined training course side 

indicate content that is not found in the TRIZ required knowledge or competencies of Figure 

1. Small tick-marks throughout show content that 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 course. Before attempting to answer and extract insights from the four questions 

detailed in section 1, it will be useful for the reader to see how a óreal-worldô problem is 

ósolvedô firstly using a TRIZ approach, and then using a USIT approach.  

2.2. The Logistics 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 the problem without slowing down the trucks. The trucks carry boxes of variable sizes 

and weights.   

 

Using TRIZ, the ideal final result could be óuse no truck service ï e.g. outsource itô or, local 

ideality, could result in ócorner fast but remain stableô while making use of cheap or available 

resources. Important resources are moving-object 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 a cause-effect analysis were 

completed. The key technical contradiction was identified ócorner fast but remain stableô. 

Speed and length (height) were referenced in the contradiction matrix. Recommended 

inventive principles ó13 ï do it in reverseô, ó4 ï Asymmetryô, and ó8 ï Counterweightô were 

used in coming to a solution. 

óDo it in reverse and asymmetryô brought to mind solutions to lower height of the centre of 

gravity of the load when driver loads the boxes on the trucks and  tie the load down to prevent 

side force asymmetry of a shifting load mass.  óCounterweight or anti-gravityô suggested the 

solutions of using lighter loads. The load configuration solution was deemed the best.   

 

USIT approaches the same problem in a three main steps, namely, óproblem definition,ô 

óproblem analysis,ô and óproblem solutionô. A more detailed description of USIT approach is 

provided than the summary description of the preceding TRIZ approach, as the TRIZ 

practitioner 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 

the key non-desirable effect is identified from a óroot cause heuristicô diagram. Then 

progressive sketches are used to produce a ówell-defined problem statementô.  This tight 

definition will later be used to identify the minimum key objects, attributes, and functions that 

contain the problem. Plausible conceptual solutions are generated and recorded in each of the 

three main steps. 

 

Identification of resources in the system and its related super- and micro-systems are included 

in the sketches and a óroot cause heuristicô diagram. The key non-desirable effect is then further 

analysed against identified attributes associated with root causes in a óqualitative change 

graphô. This graph is used to explore attributes and their dimensions and effects on the non-

desirable effect.  
 

 
 

Fig. 2.  Clockwise ï sketches of problem, root causes, and qualitative change graph 

 

Problem Analysis (refer to Figure 3) 

 

Convergence on a solution begins with the drawing of a closed world diagram.  Often the ideal 

result is placed as the key outcome at the top of the diagram. This helps to reformulate the 

problem positively, now as the ideal solution result, therefore óinstabilityô, the non-desirable 

effect becomes óstabilityô the ideal result in the closed world diagram.  



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

 

182 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Clockwise ï closed world diagram, particles method, attribute dimensionality in space & time 

 

 

Fig. 4. Object pluralisation, attribute dimensionality, function distribution and multi-screen 
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The particles method (named in TRIZ ósmart little peopleô), allows creative analysis of the 

problem and allows functions to be considered without the psychological constraints 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 (attribute space-time 

related changes), and function distribution within the system, super-system and micro-system 

are then used to generate solution ideas. Figure 4 depicts a sample of these 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 a hierarchy 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, nor 

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 1 and level 2 material. The course therefore 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 course allows teaching of the 

first five inventive principles with 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 and their sub-categories with engineering, business 

and IT or service industry examples. Finally, module 5 of the combined course teaches problem 

solution by óobject pluralisationô or ómultiplicationô. Guidelines for this again emphasise some 

of the inventive principles as multiplication by zero equals óTake outô; by two or more is 

óMergingô; and by a fraction is óSegmentationô.   

So it is with other components of TRIZ. Indeed the nature of the combined training presentation 

is that TRIZ is emphasised as extensive and powerful. Comments like, ñTRIZ takes a long time 

to master, but this is well worth the effortò and, ñLetôs be aware of the main components of 

TRIZ and how they work at a high level so that if we ever get stuck, we know where to goò, 

ensure that TRIZ 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 

advanced problem solving, and the combined courseôs providing of examples other than only 

using technical examples, motivates candidates and shows more of TRIZôs power.  

The combined course places TRIZ as a systematic innovation approach among other systematic 

and commonly used innovation approaches. It also provides the work context of systematic 
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innovation and provides specific growth steps for individuals and organisations who wish to 

innovate. 

In conclusion, teaching time and learning time for Matriz level 1 is diluted. However the 

benefits of USIT complementing TRIZ at Matriz levels 1 and 2 include: 1. Deepening an 

understanding of TRIZ and alternative usage of TRIZ-based components; 2. Expanding TRIZ 

beyond engineering problems; 3. Removing some of the software and table-look ups, and de-

emphasising su-field 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 TRIZ-USIT 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 TRIZ and the engagement footprint of TRIZ in candidatesô minds.  

3.2 Does combined training raise the TRIZ 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, USIT and systematic innovation in general, and in its 

cross-industry, cross-discipline and individual and work contexts. This creates excitement and 

a psychological recognition in candidates, that engagement and hard work will provide useful 

skills. The course channels this excitement by allowing time for groups to solve three 

candidate-sourced problems.  

Candidates are also taught in various training styles to cater to for learning modes during the 

combined course: 1. Individual reading of course slides and notes; 2. Trainer presentation, and 

question and answer opportunities; 3. Individual evaluation assignments completion ï open 

book day-to-day assignments and tests; 4. Groupwork discussions, contributions and results; 

5. Individual presentations of group contribution 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 required. The learn-by-doing, learn-by-teaching (presenting), learn-by-self and 

learn-by-group and trainer approach, provides multiple and different channels of learning. 

Taken together, and given that learning channels are reinforcing, this therefore makes the work 

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 rate of TRIZ?  

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 of doing things; 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 found it useful to ask course candidates an introductory question which can be 

used to shape the way they engage with the course. The question is, ñWhy are you here?ò It 

can be followed by ñDo you have to be here?ò and other questions to elicit responses. Itôs quite 

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 content they will learn. This sets the right 

course tone and expectations, but it is not an infallible technique. 
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For those who do not respond positively to the authorôs opening questions, the next step is to 

place them into small groups which generally include positive candidates. 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 remove obstacles 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.  I agree with this, but add that where they are 

at variance with important TRIZ 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 be asked ñare there any products, services processes, 

or management interventions in their organisations that could be done better?ò  This helps 

candidates to think how they might improve work situations. Mannôs second or third categories 

of user response do not need much added trainer attention. The fourth response, 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 components.    

In conclusion, catering for the different learning modes of candidates, overtly setting course 

expectations, and remaining positive and open in onesô course delivery, while supporting 

candidates in their learning, are methods the author has used to good effect 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 TRIZ-USIT combined training course have been put 

forward. In the authorôs advanced five day course training 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 however, will 

be expected to exclusively reflect TRIZ and modern TRIZ, while others will concentrate 

exclusively on USIT. 

In the authorôs ICT previous training discipline, the uptake of training courses has been fostered 

by regular monthly or quarterly special interest groups, six-monthly, 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 industry-awakening 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 clarified, monitored and encouraged.  To this end clients of innovation should 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 addressed and supported 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. 
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4. Conclusions 

Combibed TRIZ-USIT 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 TRIZ itself are not diluted. 

 

The actual volume of training content is increased in a TRIZ-USIT combined course.  However the 

wider combined TRIZ-USIT content scope, varied training channels, and numerous channeles of 

learning, can change candidate perceptions about the effort required, accelerate learning, and actually 

ease the candidateôs burden of learning because of intrinsic motivation. 

 

The combined training course can make training more acceptable and enjoyable to candidates if the 

correct course expectations are set 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 is presented in an 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 TRIZ, can be 

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 the TRIZ training and 

create demand. Introductory combined TRIZ-USIT courses may be particularly suited to introducing 

TRIZ, and may act to óprime the pumpô, with context, group dynamics, and a fuller vision of what is to 

come, and an experience by candidates of what can be achieved by growing TRIZ skills. 
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Abstract 

TRIZ has been introduced to SMEE in 2008 with the help of TRIZ expert Dr. YongMou Liu from 

Global Engineering Technology (GET) Co.  There hasnôt been much further progress, for several 

reasons, until the end of 2013; when SMEE management asked system engineers to learn TRIZ and 

apply CAI software in real projects. There are still many problems with further promotion of the 

methodology beyond basic training, considering tight project pressure. One of them is the lack 

of consistent examples to illustrate the seemingly unrelated aspects of TRIZ.  

This paper illustrates innovation cases actually realized in lithographic-electronics industry, treating the 

two as a co-evolving tool-object pair. We collected training examples from various sources, highlighted 

contradictions, and demonstrated how TRIZ principles can be used.   Heuristics of solutions are shown 

to support the evolution-revolution cycles according to Moore's Law. In authorsô opinion, these kinds 

of training cases have many advantages being systematic, consistent, and relevant to system 

engineers because these cases are real and closely related to their daily work.  

Keywords: TRIZ training, Moore's law, tool-object co-evolution, evolution-revolution cycles 

1. Problems of learning TRIZ  

Founded in 2002, SMEE is a high-tech company engaged in design of photolithographic 

equipment used in semiconductor related industry. This equipment operates like a large high-

precision camera that can transfer a circuit pattern from a photo mask (a quartz plate containing 

the master copy of microscopic integrated circuitry) to a wafer (a thin slice of silicon or other 

semiconductor material on which chips are made).  

Beginning in the 1960s, 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 (aka. throughput); these three requirements have internal contradictions. (See 

Fig.1) 
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Fig.1 Contradictions in photolithography 

TRIZ had been introduced to SMEE since 2008 with the help of TRIZ expert Dr. Liu from 

GET Co.  Several system engineers in SMEE were excited to think that some day in near future, 

they could innovate like an inventor but some had doubts. Things are not simple after attending 

lectures given by Liu; there are at least these problems listed below: 

1. Why the concept ñcontradictionò is so powerful that it could be used to solve my particular 

problems?  

2. Is there any ways to learn TRIZ efficiently as well as effectively? 

3. How can SMEE accelerate the learning process? 

The answers to the first two questions are obvious from the lectures given while the last one is 

not.  Because systems engineers are adults, their own way of thinking inertial to solve there 

problem can not be easily changed. Besides, all the engineers are under the high pressures of 

project deadlines, if the innovation cases arenôt related to their daily work, 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 they realized that only by 

increasing the innovation ability of engineers can we improve competitiveness of the company. 

That is, in order to attract more engineers to teach themselves after basic training, SMEE should 

build some facilities to accelerate the learning process, e.g. to build an intranet knowledge base 

filled with innovative cases actually realized in lithographic development industry.  

These historical cases must have interrelated connections and have clear development thread 

between them that reflect the core of TRIZ concept like contradiction formation, evolution-

revolution cycles, S-curve, development stages and trends etc. While these innovation cases 

are all recorded in patents, we set out to organize them in a way that presents them like exciting 

stories. 

2. Organizing innovative cases  

Semiconductor industry already has many collections of cases according to 40 principles 

e.g.[1]. These examples do not have enough information about problem context and 

emerging contradictions, and all to choose single advantage factor against a single 

disadvantage factor, however recent industry requirement are becoming more and more 

complex (e.g. performance, productivity and reliability etc.), single parameter tool may not 


