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Dear readers and authors,
Dear TRIZ friends and colleagues,

It is my great pleasure and honor to write this foreword for the Proceedings of the International TRIZ
Conference (ITC-2025). | believe deeply in the value and relevance of the materials collected here,
which represent the latest achievements and insights from our global TRIZ community.

This year’s conference, held under the main theme “Unleashing the Power of TRIZ: Al for Global
Innovation,” took place on September 25 — 27, 2025 at Jeju National University, Jeju Island, South
Korea. We welcomed 40 on-site participants and 35 online participants from 15 countries, bringing
together an impressive mix of industry leaders, researchers, and educators.

In total, 23 carefully selected papers were presented. Many explored the integration of TRIZ with
generative Al, demonstrating how systematic innovation and artificial intelligence can work together
to tackle complex problems and inspire new solutions. Other contributions shared practical case
studies of applying classical TRIZ tools to real-world challenges, proving that TRIZ remains robust,
sustainable, and highly effective in today’s rapidly changing technology landscape.

The results of ITC-2025 confirm that TRIZ continues to thrive and evolve in the era of artificial
intelligence. While Al does not replace human creativity, it enhances and supports it, helping
innovators to generate, refine, and implement ideas with greater speed and precision. TRIZ, as a
proven framework for structured inventive thinking, is now increasingly recognized as a powerful
partner to generative Al, guiding its use toward meaningful and breakthrough innovations.

| would like to express my heartfelt gratitude to all authors, whose dedication and intellectual
contributions made these proceedings possible, and to all readers, whose curiosity and passion keep
the TRIZ spirit alive and growing. Your work and engagement ensure that TRIZ remains a vibrant and
forward-looking methodology — one that helps industries, universities, and individuals navigate the
challenges and opportunities of our Al-driven future.

Thank you for being part of this journey and for your commitment to advancing systematic innovation.
| wish you an inspiring and fruitful exploration of the ideas presented in these proceedings.

Sincerely,

-

"ln'|

Oleg Feygenson, PhD
TRIZ Master, President of MATRIZ Official
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Dear ITC-2025 Participants and Readers,

Itis with great pleasure that we present the comprehensive collection of papers from the International
TRIZ Conference (ITC-2025), successfully held from September 25-27 on the breathtaking Jeju Island,
South Korea. This volume, organized by the International TRIZ Official Association (MATRIZ Official),
serves as an essential resource for the global community of TRIZ Specialists and Users, Academicians,
Engineers, Inventors, Innovation Professionals, Researchers, and Teachers. The conference theme,
"Unleashing the Power of TRIZ & Al for Global Innovation," guided the selection of high-quality
research and practical applications compiled here.

The papers and presentations in these Proceedings are dedicated to the latest innovations and insights
across the following key areas:

e Theoretical Research and Development of TRIZ methodology.

e TRIZ-Related Methods and Tools Development, with a special emphasis on Al & TRIZ Synergy
for automated problem-solving and technology forecasting.

e Best Practices, Industrial Case Studies, and Business Experiences, including the successful
integration of TRIZ with non-TRIZ methods and tools.

e TRIZ Pedagogy and Educational Methods, exploring novel ways to teach and disseminate TRIZ
principles to the next generation of innovators.

We extend our deepest gratitude to all the authors and co-authors who contributed their valuable
work to this collection; their rigorous research and compelling case studies provide a considerable
impact on the continued development and global dissemination of TRIZ. Sincere thanks are also due
to the dedicated members of the ITC-2025 Organizing Committee for their tireless efforts in ensuring
a successful event, and to the members of the Papers Review Committee for investing their precious
time in the double-blind peer-review process, which ensures the high quality of these Proceedings.
Finally, we express our profound appreciation to all the conference participants from numerous
countries. Your enthusiastic engagement, insightful questions, and stimulating discussions were vital
in making ITC-2025 a truly dynamic and memorable event.

Sincerely,
q_fl'F
%
Dr. Sandeep Wankhade: TRIZ Chapter, Chairman - Head of Paper Reviewing
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Abstract

This study presents a case of systematically improving the analysis process based on TRIZ to solve the
problem of low success rate and excessive analysis time that occur when analyzing defective chips in
semiconductor chip stacking packages. Due to the strong adhesion of the adhesive tape located
between the ultra-thin chips and the narrow chemical penetration area, it was difficult to observe
defective chips. Problems were identified through system evolution, function analysis, and cause-
effect chain analysis, and ideas were obtained through contradictions, resource analysis, IFR, and small
person models using ARIZ-85C. In particular, by changing the perspective of the problem from 'chip
separation' to 'chip exposure', the problem was redefined in the direction of removing all substances

on the upper part of the defective chip and exposing the defective chip.

In order to solve the problem, a method of removing substances such as a pressure-sensitive adhesive
and polyimide in a later step was introduced after the material on the chip (including a normal chip)
was gradually removed to expose the defective chip. Grinding technology was applied to remove the

upper material, and a method of inducing a chemical reaction was used to remove residual material.
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As a result, the chemical reaction area increased by about 250 times compared to the previous one,
and the possibility of physical damage to the defective chip decreased. As a result, the analysis time
was shortened by 23.1 hours on average, and the analysis success rate improved by 72.9%. This saved
more than 900 million won on a monthly basis. This study shows that the TRIZ-based analysis
technique can be effectively applied to solving the problem of semiconductor chip stack package

analysis and provides meaningful technical implications for the similar method in the future.

Keywords: chip stacking packages, TRIZ, separating chips, exposure a chip, ARIZ-85C
Problem Situation

Semiconductor packages protect chips from external environments and provide electrical and
mechanical connections. This protection is needed because silicon, which is mainly used, has fragile

properties [1].

Semiconductor packaging technology has evolved to compensate for the technological gap between
wafers and package boards [1]. Chip stacking packages allow the convergence of limited technology
in printed circuit boards (PCBs) with advanced semiconductor pattern technology. Chip stacking
packages provide high added value with multi-function and large capacity implementations, which can

perform enhanced functions in much smaller areas compared to single-layer packages [2].

However, if any of the stacked chips are defective, the entire chip stack package has to be discarded,
which can be a huge loss. Also, there is a constraint on keeping the thickness of the stacked chips thin

because increasing package thickness is not preferred by customers [2].

As shown in Fig 1, the thickness of each chip in the chip stack package is about 20 to 30 micrometers,
which is about one-third the thickness of human hair and one-fourth the thickness of paper. The
process of stacking chips is technically very difficult. However, it is more difficult to effectively analyze

the defective phenomena and causes of stacked chips.
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Fig. 1. Chip Stack Package Chip Thickness Comparison

Chip Stack Package Analysis Process

The chip stack package analysis procedure consists of reporting the phenomenon of the problem and
the analysis result of the cause and providing feedback based on it. Here, the problem is that the chip
must be removed for phenomenon analysis, which often makes it difficult to remove the defective

chip even after the package's cap is removed.

Chemical analysis uses high temperature and chemical reagents to dissolve adhesive tape between
laminated chips and to separate each chip. This process requires the successful identification of

defective chips to enable further defect analysis and identification of the cause.

Need to Improve Chip Stack Package Analysis Issues

Chip marks or cracks caused by equipment parts or external foreign substances are constantly being
observed. As a result, these defects are found in all laminated chip products, but the current analysis

success rate is low, and the analysis time is excessive. These issues need to be improved quickly.

The main factors are the high adhesion of the adhesive tape, the area where chemical reagents are
difficult to penetrate, and the difficulty of operating and extracting defective chips from 20 to 30 um
chips as shown in Figure 2. The success rate of defect analysis in the chip stack package is low at 18.7%,
and the time required for analysis is excessive, with an average of 25.9 hours. In order to solve these

problems, it is necessary to develop and improve efficient analysis methods.
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Fig. 2. Chip Stack Package Chip Thickness Comparison

Problem Analysis

Function analysis, cause-effect chain analysis, and small person model were used for problem analysis.

After that, the root cause of the problem was identified through a technical review process [3].

Function Analysis

System evolution has evolved from single-chip package analysis to through-electrode stacked chip
package analysis through chip stacked package analysis. During this development, package analysis
has evolved from simply separating parts of a package to separating the entire package, making it

impossible to return to previous steps or higher systems.

For the function analysis of the chip stack package analysis system, the components of the system
were identified, and the roles and functions of each component were defined. Subsequently, the

association between the components was analyzed.

As a result of evaluating the functionality of the chip stack package analysis system, the functionality
of the chip stack separation system located inside was analyzed in detail. Subsequently, through
function interaction analysis as shown in Figure 3, it was confirmed that the adhesive tape and chip
are physically strongly combined, the existing fume nitric acid does not sufficiently melt the adhesive
tape, and the tweezers contact the top and bottom of the chip, making it difficult to extract defective

chips.
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Fig. 3. Function Model in Graphical Format

Cause-and-Effect Chain Analysis

As shown in Figure 4, the cause-effect chain analysis confirmed that the reaction surface area of the
adhesive tape is small, limiting the penetration space of fumescent nitric acid, and weakening the
adhesion of the adhesive tape can cause damage to the outside of the chip by penetrating the molding
resin between the chip and the chip. In addition, it was confirmed that the target chip was damaged
during the long-term melting process, and that the extraction of defective chips could fail due to the

non-uniformity of the force transmitted to the tweezers.

Submaersicn of stacked
chips in & beaker EMC penctration
cemtaining tuming mitric betwesn chip
»id
, , 0zZ2
. )
Heating the oeaver Streng tpe athesive
i e~
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ounm:::ﬁsm R “:r.“ R ”-?.'* o [l vonetion So,
o terming ik 804
- : 0z3 : .
) Saparamre ol pood rhps " Chip upperSiower
Stacked chip | . Umwven force in
separation g m&' W ‘ tweezen trantler.

Defectve ch
o @ A

Signs af Contact
Fig. 4. Cause-and-Effect Chain Analysis

Modeling with smart little people
Through a modeling with smart little people, we confirmed that the reaction occurs insignificantly due

5



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

to the high adhesive strength and limited reaction surface area in the chemical attack of adhesive tape
and smoke nitric acid, and in the handling of chips with tweezers, only a part of thick chips is separated
and no total breakage occurs, but thin chips can cause total breakage as the upper and lower

components separate together.

As a result of the technical review, it was confirmed that the reaction surface area of the adhesive
tape was very limited to 0.4 mii when the thickness was 0.01 mm based on a 100 mii chip having a size
of 10 mm x 10 mm. Through further analysis, it was found that powdering, porous structure
generation, chemical surface treatment, and nanostructure design can increase the surface area of
solid materials as methods to improve reactivity with chemical substances. In addition, it was
confirmed that tools that can be used to efficiently handle thin chips include precision tweezers and

vacuum pickup devices.

fadhesiveliapelandifuminglnitucfacid (Chipfandliweezers)

B SRS D e e

Fig. 5. Modeling with smart little people

Problem Solving Ideas

Four technical approaches have been proposed to reduce the dependence on existing inspection
equipment for the selective detection and extraction process of defective chips. The first approach is
to design a system architecture in which the chip recognizes its own operational status and
automatically diagnoses and identifies whether it is defective. The second method is to strengthen the
self-diagnosis function by indicating whether the chip is defective internally in response to a specific
electric field. The third approach is to indirectly detect defects by measuring physical and chemical
changes in tape or attachment materials caused by an externally applied physical field (e.g., thermal,
sonic). The fourth technical approach is to integrate reactive materials into the system and convert
them into electrical or chemical signals in the event of a state change to facilitate defect detection or

extraction.
At the same time, four ideas were evaluated from the perspective of measurement and detection as

6
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a countermeasure to new problems caused by the development of the chip stack package system, but
it was concluded that more sophisticated problem-solving methodologies such as ARIZ-85C were

needed.

ARIZ-85C[4]

The defective chip separation technology system of the 'chip stacking package' consists of laminated
chips (polyimide, circuit, silicon), adhesive tape, molding resin, and substrat. This system has a
technological contradiction that if the tape is thinned, chip stacking is advantageous, but when
defective chips are separated, the surface area of the reaction with chemicals is narrow, making it

difficult to separate. Starting with this technological contradiction, the ARIZ 85-C algorithm is applied.

Problem Analysis

The contradictory factor in the above technological contradiction is the thickness of the adhesive tape
in terms of tools and the reaction of chip stacking and chemicals in terms of products. The
contradiction factor in the above technological contradiction is the thickness of the adhesive tape in
terms of tools and the reaction of chip stacking and chemicals in terms of products. Among the
technological contradictions for thin adhesive tapes and thick adhesive tapes in Figure 6, the
technological contradiction for thin adhesive tapes that match the basic functions of the chip

lamination package was selected.

Technical Contradiction - 1: Thin Adhesive Tape  Technical Contradiction - 2: Thick Adhesive Tape

Chip stacking Chip stacking
B B
A A
Adhesive tape Adhesive tape
C C
Chemical reaction Chemical reaction

Fig. 6. Diagram the Technical Contradictions

Resource Analysis

The space occupied by the adhesive tape, that is, the current problem is that there is no adhesive tape,
so the actual area of action is an empty adhesive tape or an air adhesive tape. OT (Operating Time) is
the time when the internal or external material of the air adhesive tape reacts completely with the

initial reaction with the chip.

Accordingly, the materials and fields available in the current system interior, surrounding
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environment, and higher systems were explored.

Definition of Ideal Solutions and Physical Contradictions

The definition of the Ideal Final Result (IFR) is that the X-element simply maintains the system and
continues to function as an adhesive tape in the space occupied by the thin adhesive tape while
separating the chip through reaction with chemicals without additional harmful effects. This makes
chip separation easier. The deepening of IFR assumes a situation where there is no adhesive tape and

replaces it with air or air adhesive to materialize an ideal solution in a situation without tools.

The physical contradiction at the macro level is that 'air adhesives must have adhesive force for chip
attachment during the action time and must not have adhesive force for defective chip separation'.
And the physical contradiction at the micro level is that 'the main constituent molecule A of air
adhesives must maintain adhesion with high binding energy through strong coordination bonds or
hydrogen bonds with molecular B on the chip surface, and at the same time, molecular A must be able
to be quickly separated by reducing the binding energy with molecular B on the chip surface under

certain conditions'.

Through the macro-level and micro-level physical contradictions, the second IFR was set to 'have high
and low binding energies on its own during the initial or conversely time before certain conditions

changed in the coupling between molecules A and B'.

Organize and review ideas

After we came up with a total of 14 new ideas for each ARIZ-85C step as shown in Table-1 below, we
consulted with the process team to review the feasibility of each idea and found that all proposed
ideas could not be practically applied in the package manufacturing process. According to the process
team's feedback, the adhesive tape used for chip stacking should have high strength structural stability
and should not be sensitive to environmental factors (temperature, humidity, light rays, space
limitation, equipment, etc.). Based on these results, we checked that several problems were combined
and found that the problem of this task consisted of a single contradiction of the reaction surface area,

and no other problems were found to be connected.
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Table 1. ARIZ-85C Algorithm Step-by-Step Idea and Practice Evaluation Results

Step
@ 1-7. Apply standard
solution
@ 1-7. Apply standard
solution
3-6. Resolve Physical
@ Contradictions through

Application of Standards

4-2. Stepping Back from
the Ideal Final Result

4-2. Stepping Back from
the Ideal Final Result

4-3. Combining and
@ Utilizing Substance-Field
Resources

4-4. Utilization of Space

and Voids

4-5. Utilizing Induced
Resources

@ 4-6. Utilizing Electric
Fields

4-7. Utilizing Fields and
Field-Sensitive Materials

@ 5-1. Utilizing Standard
Solutions

@ 5-2. Utilizing  Similar
Problems

Idea

Adhesive tape using heat-
sensitive materials

Adhesive tape with a

capillary structure

Adhesive tape where a
release agent encapsulated
in microcapsules is released
upon specific pressure
Adhesive tape incorporating
fine spacers into the
adhesive

Adhesive tape incorporating
a thin film into the adhesive

Smart polymer - adhesive
tape capable of self-
detaching and reattaching

Adhesive tape controlling

adhesive strength by
injecting temperature,
pressure, and humidity

responsive materials into
pores

Adhesive tape that changes
state (solid-liquid) according
to temperature

Adhesive tape with adhesive
strength that increases with
an applied electric field and
decreases when the field is
removed

Using an adhesive
containing  ferromagnetic
material and controlling chip
separation and stacking
through magnetic fields
Adhesive tape maintaining
adhesion in dry conditions
but dissolving easily upon
contact with water
Adhesive tape with
weakened adhesive strength
using ultrasound

Feasibility Review

Not applicable due to material
easily deforming by heat.
Pores cause popcorn cracks during

customer  mounting -  Not
applicable
Receives various pressures during
package  processing —  Not
applicable

Cannot be strongly laminated due
to weakened adhesion

Cannot be strongly laminated due
to weakened adhesion

Not applicable due to deformation
caused by
temperature/humidity/light — Not
applicable

Not applicable due to
pores/temperature/humidity/light
causing deformation — Not
applicable

Not applicable due to material
easily deforming by heat

Electric fields interfere with
product performance — Not
applicable
Magnetic fields interfere with
product performance — Not
applicable

Not applicable due to deformation
caused by humidity — Not
applicable

Risk of damage to semiconductor
chips with fine structures
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5-3. Applying Principles
@ of Separation to Resolve

Physical Contradictions

5-4. Applying Physical
Resolve
Physical Contradictions

Effects to

Adhesive tape

forces

Adhesive/detaching
weak intermolecular electric

applying

pressure-sensitive adhesive

using

Change or Reconfiguration of a Problem

Receives various pressures during
package processing —  Not
applicable

Relatively low adhesion and
complex manufacturing process

After separating the chip stack package, the defective chip analysis problem was identified as an

independent problem rather than a combination state with other problems, which was found to

consist of a single contradiction in the reaction surface area. In addition, the technical contradiction

schematic model revision review found no selection errors, so we decided to change the problem to

a more likely direction to be solved. To this end, we approached problem solving through 'FOS

(Function-oriented Search)' and 'Chat GPT'. The procedure for solving after the problem change is

shown in Figure 7.

Technical Contradiction Diagram
Model Selection and Review
DStep 1-4

Perspactive Shift/Core
Identification

Functional Characteristics
Analysis
@FOS & Chat GPT

Selection of Latest Application

Fields 5Chst GPT & Google

Idea(Concept) Development

Final Idea Selection

Review of Re-selection of Schematic Model: The basic function of a stacked chip package is the stacking
of chips, so the initial selection of Technical Contradiction 1 is not in error. — Re-selection is not possible
We have decided to maintain the existing technical contradiction but seek solutions using methods or
resources that were not previously applied.

Perspective Shift: Since the main purpose of the chip stacking package separation system is to
identify defects on the surface of faulty chips, the focus is shifted to exposing faulty chips.
Key Confirmation: As the goal is to expose faulty chips to identify surface defects, the removal of

the upper material is essential.

Functional Characteristics: Define the problem and functions, and generalize the functional terms (FOS),
Data Collection: Select search keywords and conduct an initial search using Chat-GPT based on these
keywords. — Refer to the search data and then specify the content.

Inference of Application Fields: Infer similar industrial fields to solve the problem. @Chat-GPT
Applied Data Collection: Select applicable fields and search by adding keywords from the functional

characteristic analysis. @Google

Idea Generation: Once a general solution has been discovered through search, analyze the
relevant technology and map it to the solution environment accordingly.
Idea Refinement: Analyze the required specifications and proceed with technology development.

Concept: Evaluate the effectiveness of the derived solution by testing or simulation. If
necessary, it is also possible to modify or supplement the solution,
Selection Method: Choose the solution considering feasibility, technical aspects, quality, and

environmental factors.

Fig. 7 Issue Modification and Resolution Procedure

Technical contradiction 1 Diagram Model Selection and Review

The basic function of chip stacking packages is chip stacking. In other words, technical contradiction

1, consistent with chip stacking, was the right choice. This is because thick adhesive tape does not

allow many chips to be stacked within the package thickness. To solve this problem, the key elements

must be approached from a new perspective, analyzed closely, and the appropriate solution must be

derived.

Perspective Shift/Core Identification
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Since the area of interest is the identification of defects on the surface of the defective chip, it has
shifted to exposing it in the separation of the defective chip. That is, it is the viewpoint of removing all

the materials at the top to expose the defective chip as shown in Fig. 8.

m%

Fig. 8 Change perspective to exposure to defective chips

Function Characteristics Analysis @FOS & Chat GPT

The newly defined problem is to remove all substances, including normal chips, on the upper part of
the defective chip and to expose the defective chip. The function to this is to remove all substances
on the upper part of the defective chip. The function terminology is that all substances on the upper
part of the defective chip are solid with a small volume, and removal is generalized to removal,

processing, and surface treatment.

The Chat GPT search keyword was selected as "small & volume & solid & removal technology", and
after searching related technologies with Chat GPT, the search contents were specified, and after
searching for deep content through Google, 11 ideas were obtained from five items: machine,

chemistry, heat, electromagnetic, and physics.

Compared to the collected information, the possibility of retaining and utilizing internal resources was
confirmed. Methods applicable as internal resources were confirmed by polishing and polishing,
chemical etching, and plasma etching, and the search terms were selected as follows.
e Grinding and polishing: Grinding & Polishing & Small Volume & Solid & Removal & Advanced
Industry
Etching: Chemical & Etching & Small Volume & Solid & Removal & Advanced Industry
® Plasma Etching: Plasma & Etching & Small Volume & Solid & Removal & Advanced Industry

Composite Technology: Grinding & Polishing & Chemical & Etching & Plasma & Small Volume
& Solid & Removal & Advanced Industry

Selection of Latest Application Fields @Chat GPT & Google

The industrial applicability of polishing, polishing, etching, plasma etching and composite technologies
was inferred. Initially, after identifying the latest trends with ChatGPT, in-depth research was

conducted with Google on major technologies.
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Grinding and polishing technology referred to grinding and polishing in the mechanical processing
industry, turbine blade repair in the aerospace industry, and grinding of engines and parts in the
automotive parts industry. Chemical Etching referred to engine maintenance in the aerospace
industry[5], PCB circuit modification in the electronics industry[6], and restoration industry in the
art[7]. And plasma Etching referred to pollutant removal in the medical industry[8], surface processing
and pattern shape in the glass processing industry[9], and decontamination of high-performance

optical equipment in the optical industry.

Finally, the composite technology referred to the removal of damaged layers in aircraft composite
laminate structures[10], defect repair in concrete laminate structures[11], defect removal in multi-

layer printed circuit board structures, and defect fiber removal in multilayer fiber structures.

Idea(Concept) Development

By analyzing the applicability of certain technologies, we found a way to efficiently remove defective
chip top materials. It was found that grinding, chemical reaction, and plasma etching are likely to cause
chip damage in a single process and are difficult to remove completely. Accordingly, a composite
technology approach was proposed. Grinding and plasma etching were used as the main technologies
for removing large amounts of top materials, and additional residual materials were removed through

chemical treatment.

The polishing technique can remove fine materials through depth control, after which certain

materials are selectively removed through chemical etching.

Plasma etching removes the top material by accurately targeting a specific location, and then removes

residual material with chemicals.

The grinding technology requires precision for processing thin chips of 30 um or less. To solve this
problem, all materials on the defective chip were removed through space separation as shown in Fig.
9, but only a part of the normal chip silicon on the defective chip was ground. That is, even the pattern
composed of polyimide and complex layers is removed. Since only the silicon layer is left, only one
layer needs to be removed by chemical etching. It was removed with a mixture of hydrofluoric acid
and nitric acid. Then, the adhesive tape was removed using smoke-induced nitric acid, and then the

defective chip was exposed through washing.
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Fig. 9 Grinding to upper silicon of defective chip upper chip

As shown in Fig. 10, among the functional interaction analysis problems, the chemical reaction surface
area increased 250 times from 0.4 mii to 100.0 mii to solve the problem, and the second problem of
function interaction analysis, tape adhesion strength, was also simultaneously solved. The reaction is
changed from the side to the upper surface, increasing the reaction surface area, enabling rapid

weakening of adhesive strength.

Before Improvement Aft
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Fig. 10 Grinding to upper silicon of defective chip upper chip

In addition, as shown in Fig. 11, since the molding resin and substratio remaining around the defective
chip are fixed with tweezers, it is possible to handle firmly without contacting the tweezers on the

upper/lower part of the chip, which solves all problems.

Before Improvement After Improvement

e

T

Fig. 11 Chip handling method before and after improvement

The technology that combines plasma etching and chemical etching is a method of removing the
silicon top of the upper chip of the defective chip using plasma instead of grinding, removing silicon
using a mixture of hydrofluoric acid and nitric acid, and removing the adhesive tape using flammable

acid in the same manner. The effect is similar to the method of mixing grinding and etching.

13



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Final Idea Selection

As the final idea, grinding and chemical reaction technology were selected as shown in Table 2.
Grinding and chemical reactions dominated the comparative advantage in all nine comparison items,
and as a result of analysis in terms of ideality, that is, economic feasibility and analysis speed, which
is, TRIZ-related items, grinding technology was found to be very economical and efficient compared
to plasma etching technology. From a technical point of view, it is judged that the implementation
possibility is high because it can be adjusted according to a sufficient grinding technology level. In
addition, our team has a large number of grinding experts, so technical support is possible. In terms
of quality and environment, although there are some disadvantages compared to plasma etching
technology in terms of precision and chemical treatment, it has been concluded that it can be adjusted

to a manageable level.

Table 2. Comparison Table for Idea Selection

Plasma Etching and Chemical

ltem Grinding and Chemical Reactions :
Reactions
Analysis
Speed Fast Slow

Analysis Cost

Relatively low

High due to plasma equipment and gas
usage

Analysis Consistent precision achievable with | Possible to control fine thickness and
Precision appropriate technology level achieve uniform etching

Risk of

Physical Reduced risk with skilled operators Low risk due to non-contact method
Damage
Chemical Possible to minimize environmental . .

. . . Relatively low chemical usage

Handling impact with regulated small amounts

Control Ease

Sufficient control achievable with

appropriate equipment and tools

Complex process conditions but high
precision work possible

Environment

chemical handling facilities

Ideainess High Low compared to grinding technology
(TRIZ)
Technicality . - -
(TRIZ) High usability Low usability
Quality and | Quality control possible with in-house | Quality control possible with low usage

of chemicals and gas

Conclusions

The derived conceptual solution was consistent with TRIZ's main principles and techniques, and TRIZ's
function-oriented search principle was effectively utilized by using knowledge databases and applying
various chemical treatment methods to problem-solving methods in other industries. This approach

increases the effectiveness of the solution through innovative applications of existing methods and
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simultaneously reinforces the creativity and practicality of problem-solving.

ARIZ-85C was evaluated as a powerful tool for analyzing and solving problems through a systematic
and step-by-step approach. However, in the actual problem-solving process, a more flexible approach
was needed to deal with unexpected variables and complexities. Nevertheless, the actual problem-
solving process was positive, and more successful results than expected were produced in simulations

and experiments.

As shown in Figure 11, the tangible effect of this study is that the efficiency of chip stack package
analysis is improved, resulting in an economic effect of about 910 million won per month, which is
equivalent to about 10.97 billion won per year. The analysis time was reduced from 25.9 hours to 2.8
hours, resulting in a cost reduction of more than 900 million won per month, and the success rate

improved from 18.7% to 91.6%, creating an additional effect of about 14 million won.

Analysis Time(hr/unit) Analysis Success Rate(%)

a0 =

Before Improvement After Improvement Before Improvement After Improvement

Fig. 12 Analysis Time and Analysis Success Rate Before and After Improvement
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Abstract

Patent design around is a way for ‘Intellectual Property Generation’ in order to build patent barriers.
TRIZ has been applied to patent design around but there are no specific tools to deal with claims of a
target patent strictly according to the legal rules on patent. In addition, better approaches are required
for addressing software and business method patents. To improve these situations, OTSM-based ENV

Analysis and ideation steps are introduced with support from Multi Screen Thinking of OTSM.

Keywords: patent, design around, intellectual property, OTSM, TRIZ

Introduction

From technological and knowledge-based economy history, we have noticed some intriguing cases
that patent barriers have been one of the main obstacles to promotion of innovative enterprise and a
strong tool for monopoly of international markets[1][2]. The patent barriers must be overcome and
then promising patents must be obtained by the companies trying to make an entry into the
international market where there exists gaps of patented technology. Practical support for companies
to do so has become an urgent and significant role of intellectual property institutions like Korean
Intellectual Property Office of South Korea[3]. For the same purposes, TRIZ researchers and
practitioners have paid attention to TRIZ application to generation of new patents and patent design

around as part of ‘Intellectual Property Generation’.

In this paper, ‘patent design around’ implies to invent alternatives any realization of which does not
infringe a certain patent's claims and a ‘target patent’ indicates a patent that we want to design
around in order to get the usefulness of it without infringing its claims. As a tool of ‘Intellectual
Property Generation’, the classical TRIZ tools like contradiction matrix and inventive principles are
paid basic attention to for ideation of patent protection or patent design around[4][5][6]. The Function
Analysis and Function Trimming are frequently founded as the tools for patent analysis or for ideation

of a design around to get concepts of new products/processes[6][7]1[8][9][10]. Laws of the
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technological system evolution are adopted as guides to ideation or references for patent
comparison[11][12][13]. They show probability of TRIZ application to patent design around but they
do not give sufficient consideration to a greatly important fact that patent design around must be not

just outcome of engineering activity but result of substantially judicial decisions.

For successful patent design around, a new solution (invention) should be not against the legal rules
on patent infringement. As for that issue, some approaches have more practical merits than others in
the light of the legal rules on patent that are a sole determinant of whether or not an invention out of
thinking about a patent is patent design around or patent infringement[14][15][16]. There are a few
more cases that put good consideration on the legal rules relevant to patent design around with
TRIZ[17][18]. However, they do not offer any detailed explanation ‘openly’ about how to deal with
claims of patents without narrowing patent claim scope. If you add even a bit more information on
claims to use ‘Function Analysis’ or ‘Problem Formulator’, you might risk narrowing the claim scope of

the target patent.

Even though each country has its own legal system and has different patent laws, patent infringement
and patent design around are dependent on the scope of exclusive rights granted to a target patent
according to the legal rules or legal tests like ‘All Elements Rule’ and ‘Doctrine of Equivalents’[19][20],
which means that, before TRIZ application, the scope of exclusive rights of a target patent must be
examined. An intensified claim analysis approach is found in a certain research[21]. However, that is
focusing on the extraction of contradictions without consideration of other possibilities to use a
detailed and deep analysis of a claim for patent design around. Given that the claims of a target patent
are not described in TRIZ terminology, the above researches lack some analytic and ideation tools that

should be helpful to overcome the different terminology system for effective use of TRIZ.
The above discussed points lead us to the following needs.

First, judicial determinations basically concern patent infringement ‘not about a patent as a whole’
but ‘about what the claims of the patent describe’. Any limitation described in a certain claim of the
target patent can be the reason of judicial determination of patent infringement based on ‘All
Elements Rule’. That means TRIZ-based design around process should provide the way to analyze the

claims of the target patent with as less risk to narrow the claim scope as possible.

Second, each limitation of a claim is meaningful for patent design around only if they are interpreted
according to the way for ‘Doctrine of Equivalents’, especially, ‘Function Way Result Test’, so-called ‘3
Test of Doctrine of Equivalents’, to determine patent infringement. It is helpful for patent design
around to build the linkage between limitations of claims of a target patent and ‘Function Way Result
Test’ through expertise relevant to the target patent.
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Third, many TRIZ-based approaches for patent design around are specialized for tangible systems.
Comparatively and practically, dealing with software patents and business method patents are
different from tangible system patents. Software engineers and business method experts are familiar
with intangible algorithmic solutions. This situation demands a more general procedure to cover the

claims of no limitations on tangible entities.

As a response to the above needs, this paper is supposed to introduce analytic and ideation thinking
ways focusing on claim treatment. They are based on OTSM-TRIZ, particularly ‘ENV Model’[22][23].
The thinking ways are positioned just after selecting a target patent and before dealing strategically

with the acquired patentable concepts according to a company’s business and patent strategies.

Analysis and Ideation with OTSM-TRIZ for Patent Design Around

After a careful selection of a target patent for us to design around, the independent claims of the
target patent are supposed to be analyzed. Above all, the first independent claim, claim 1 should be

the first target. All of the following explanations are put on this presumption.

The analysis begins with transformation of claim contents from a body of ordinary sentences into
individual meaning lumps with ENV Models of OTSM to make it more effective and efficient to think
about them from the viewpoint of legal rules on patent, especially ‘All Elements Rule’ and ‘Doctrine
of Equivalents’. Subsequently, we apply Multi Screen Thinking of OTSM and expertise relevant to the
target patent to get a list of initial problems for us to come up with ideas to solve them. After that,
ideation and conceptualization for patent design around is going on with OTSM and TRIZ tools based

on necessity.

ENV Analysis of a Claim

As we discussed the essence of patent design around previously, the claims of the target patent must
be understood in order for us to identify the boundary of the exclusive rights given to the patentee.
However, claims of a patent are not always easy to understand up to a certain depth enough to deploy

thinking tools for patent design around.

In order to improve this troublesome situation, the author has been applying ENV Analysis of OTSM
before deploying any other TRIZ tools like Function Analysis. ENV Analysis is an analysis comprising

ENV Models interpreting any problem situations.

ENV Model of OTSM is a thinking model for dealing with information on every problem situation and

is used to describe any entity, any object that we are interested in during a problem solving process.

‘E’ of ENV Model stands for ‘Element’, indicating any tangible or intangible object which a problem
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solver concerns.

‘N’ means ‘Name of Feature’, indicating a certain feature of the concerned object the state of which

the problem solver wants to change.

‘V" implies ‘Value of Feature’, indicating the value of the feature pointed out by ‘N’, which the object’s

feature has or has to have according to a given situation.

ENV Model has a high flexibility to express any situation because it is not given as a rigorous rule to
set up our understanding but offered as a flexible framework to improve our understanding. Table 1

shows typical tables of ENV Model.

Table 1. Typical Tables of ENV Model

Feature Function
Element Name Value Element Action Object
Element Feature & Value
Apple Color Red —
Car Move Baggage Velocity Higher

Let us suppose that we should analyze a published patent titled ‘Removal of excess molten aluminum
or its alloys from articles coated by the hot-dip method’. The claim 1 of the patent is shown below as

written in text[24].

‘1. A method for removing excess molten aluminum or its alloys from metal articles aluminized by the
hot-dip molten, especially complex shaped elements, immersed in a bath of molten aluminum or an

alloy thereof in an aluminizing furnace comprising the steps of:

withdrawing the articles from the molten bath and its surface with simultaneous rotation during the
period of withdrawal at a rate within the range of 10-750 r.p.m., the rate of withdrawal being linear,
concurrent with the rate of rotation, and having a range from about 0.1 to 12 meters per minute; and
continuing rotating the articles after withdrawal from the bath at a rate within the range of 10 to 1500
r.p.m. until the excess molten aluminum has been removed, both of said rotating steps taking place

in the aluminizing furnace.’

If we try to apply directly some TRIZ tools like Function Analysis, something relevant to the exclusive
rights might be missing since the claim is too complex to understand enough to do Function Analysis.
Furthermore, the claim has mentioned much more operational parameter values than interactions
while any Function Analysis usually presents interactions much more than conditional parameter

values.

The author suggests that, when we apply ENV Model to analysis of a claim as ‘in text’, one more regular
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column should be introduced for description of ‘Purpose’ that might or not be shown in the claim. It
is a preparation for use Advanced Multi Screen Thinking of OTSM, especially ‘Occasional Axis’ [25],
‘Abstraction Axis’[26], and ‘Purpose Axis’[27]. In Table 2, ENV Analysis table of the above patent
claim(only the body part) is shown. The ENV Analysis specifies each technical aspect individually to

make ideation easier without missing something important.

Table 2. Typical Table of ENV Analysis of a Claim

Feature
Process Element Purpose
Name Value
Out of the bath
. 0.1-12 m/min (no information from the
withdrawal
target patent)
) Linearly & concurrently changed with
Same time article rotation speed
(1)
no information from the
rotation 10-750 rpm (
target patent)
. (no information from the
position In the furnace
target patent)
tati 10 -1500 Removal of excess
rotation - rpm
After P molten aluminum
Withdrawal article
-, no information from the
(2) position In the furnace (
target patent)

It should be noted that this ENV Analysis is for patent design around which is mainly subject to ‘All
Elements Rule’, first. If an individual ENV item of the ENV Analysis Table has any important — from the
viewpoint of experts of the system - features of the target patent, the individual ENV item might be
literally an object of consideration to be eliminated to avoid patent infringement. If one comes up
with any patentable novel ideas without the ENV item, the ideas might avoid patent infringement

about the target patent.

Function Way Result Columns to Consider ‘Doctrine of Equivalents’

Now that ENV analysis is prepared to concern ‘All Elements Rule’, we are ready to prepare another
analysis to consider ‘Doctrine of Equivalents’. It is helpful for patent design around to build the linkage
between limitations of claims of a target patent and ‘Function Way Result Test’ through expertise

relevant to the target patent.

Any TRIZ application must be careful of the fact that the word, ‘Function’ of ‘Doctrine of Equivalents’
is precisely not the same as that of Function Analysis in TRIZ. Furthermore, Graphic function modeling
doesn’t necessarily manifest the required feature values of ‘Tool’ and ‘Object’ for the function

delivery. Function model doesn’t necessarily manifest what features of ‘Tool’ are different from other
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system components to reduce undesired evaluation parameters like cost, weight, volume, etc. For
example, let us discuss two graphic Function Models shown in Fig. 1. The left side interaction and the
right side one could be possible to reach the same result, ‘the warm surface of my hand’ through the
same function, ‘heats my hand’. However, the hidden information at these Function Models is that
the Sun’s heating is in a way of radiation and the hot pack’s heating in a totally different way,

conduction.

Fig. 1. Function Models with Different Ways

h
heats my hand hot pack eats

\ 4

A 4

the Sun my hand

ENV analysis is adopted for identification of features of the target system components to achieve the
purpose described in the claim by a specific function based on the specific way which may or may not
be described in the claim but should be identified at least even presumably for substantial reliability
of successful patent design around. Therefore, as for the author’s experience since 1997, it is generally
helpful to match up each ENV item and at least one ‘3 Test of Doctrine of Equivalents’ item. ‘Occasional
Axis’ of OTSM is highly recommended for thinking about every matching. A typical table of ENV

Analysis with ‘Function’, “‘Way’, and ‘Result’ columns is presented in Table 3 and 4.

Table 3. Typical Table of ENV Analysis Considering ‘Doctrine of Equivalents’

Feature For ‘3 Test of Doctrine of Equivalents’
Element Purpose
Name Value Function Way Result
Performed with | Based on the Caused by
ENV fore ENV Function

Table 4. Typical Table of ENV Analysis for ‘Function’ Considering ‘Doctrine of Equivalents’

Function For ‘3 Test of Doctrine of Equivalents’
Element Object Purpose
Action Function Way Result
Element | Feature & Value
. Based on
Interpreted version Caused by
the fore .
of the fore one Function
ENV

In preparation of columns of ‘3 Test of Doctrine of Equivalents’, ‘Function’ for an ENV item should be
described as being performed with the ENV item of the target patent system. The ‘Way’ cell should be
filled with how to perform the ‘Function’ under the condition of the ENV. The ‘Result’ cell should be
prepared with resultant phenomena, events, or property value changes caused by the ‘Function’

through the ‘Way’.

It must be noted that ‘Purpose’ and ‘Result’ are not necessarily different but hopefully distinctive in
hierarchy. For example, let us suppose a patent claim presents a certain way to strengthen a column

supporting bar in order to reduce cost. The patentee would describe the purpose of the way is cost
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reduction in the claim. The result of the patented way could be ‘the strengthened bar’, ‘less volume
of the bar’, or ‘cost reduction’, etc. In practice, the ‘Purpose’ column should be filled even with
‘guessed purposes’ in order to identify the problems that we should solve in order to go along with

‘Doctrine of Equivalents’ under the proposition of ‘All Elements Rule’.

Ideation to Avoid Patent Infringement

Given that the table of ENV analysis is prepared for ‘All Elements Rule’ with interpretation for ‘3 Test
of Doctrine of Equivalents’, we are ready to come up with ideas to avoid patent infringement. For each
ENV item of the analyzed claim, discuss the following ideation steps with experts of related knowledge

fields to deploy ‘Occasion Axis” of OTSM.

Imagine the target patent system doesn’t have the ENV item. Any feasible ideas from the steps belong

to a conceptual new system as a design-around of the target patent system.

1. If an expert of the same technical field cannot think of any loss of benefits or harmful effects,
remove it from the target patent system so as to make it probable to design around the patent
according to ‘All Elements Rule’. Check the experts’ opinions along with ‘Occasion Axis’.

Note that the result from this step is not an invention and then we should apply our process
to all the other residual ENV items until we invent something.

2. If any loss of benefits or harmful effects might happen, follow the below referring to ‘3 Test
of Doctrine of Equivalents’. If any step is successful, the resultant ideas can replace the ENV
item under consideration for design around concepts.

(1) Abstract the ‘Function’ to search for alternative functions with the ways different from
‘Way’. This step originates from ‘Abstraction Axis’ of Advanced Multi Screen Thinking of
OTSM. You can get higher abstracted forms of functions along with ‘Abstraction Axis’.

For example, if the ‘Function’ model is ‘a fan circulates cooling air’, the abstracted function
model could be ‘something moves gas’. According to ‘how to move gas’, someone might
introduce an alternative like ‘a vibrating membrane moves cooling air’ which could avoid
patent infringement.

(2) Come up with alternatives of ‘Way’ to achieve the same ‘Result’ in the similar or same
technical field as that of the target ENV item. It could sometimes decrease the implementation
period under real situations in which engineers are short of time, power to make strategic
decisions and knowledge of unfamiliar technologies.

An example is to polish surfaces of metal objects by jet water instead of grinding the objects
by solid rotating tools.

(3) Search alternatives of ‘Way’ to achieve the same ‘Result’ according to ‘Effects Operator of
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TRIZ' and FOS[28], no matter what technical field the alternatives belong to.

For instance, we can think of the previous section’s case of the Sun and a hot pack. The same
result, ‘warmed hands’ is gotten by totally different ‘Way’, radiation versus conduction.

(4) Build a purpose hierarchy including the claim analysis table’s ‘Purpose’, ‘Result’, and
‘Function’ according to ‘Purpose Axis’ of OTSM. Based on the purpose hierarchy, search or
come up with alternatives to achieve the highest purpose without the lower level ones which
are actually solution methods to achieve the highest purpose.

For example, let us suppose our target patent claim is that, in order to prevent oxidation,
nitrogen gas is provided into a sealed container with a metal object inside. Applying ‘Purpose
Axis’, we can get the following purpose level hierarchy; ‘to move nitrogen gas’ is for ‘to block
oxygen (around the metal object)’, and ‘to block oxygen’ is for ‘the object’s oxidized surface
thickness lower than a certain value’. If the highest purpose, ‘the object’s lower oxidized
surface’ is achieved without lower purpose level ones, for instance, by ‘chemical deposited
coating’, it could be one out of patent infringement.

(5) Come up with the ideas to get the ‘Result’ without any functions for it by eliminate the
necessity of the functions.

For example, instead of ‘to apply color paints on small items’ for production of ‘colored small
items’, we can make those small items’ material have the color initially.

(6) Formulate contradictions between the ENV item under consideration and other ENV ones
along with ‘Occasion Axis’ when we try to improve ‘Way’ or ‘Result’. Afterward, apply TRIZ
tools for overcoming them. If you get any ideas, select ones that don’t require the ENV item

under consideration.

It is not necessary to get feasible ideas from every step. What is necessary is that more than
at least one ENV item must be substituted for by new ideas so that the novel system based on
them may design around the target patent according to ‘3 Test of Doctrine of Equivalents’.

3. Use ‘Occasion Axis’ to conceptualize initial raw ideas and check feasibility of your concepts
along with ‘Occasion Axis’. Identify potential contradictions and ‘Super Effect’, if any.

4. After the step 3, if necessary, you can adopt any tools of modern TRIZ and OTSM for
conceptualization of ideas and substantiation of concepts. Deploy patent strategic
development if you have any patent strategies like ‘Picket Fence Strategy’, ‘Toll Gate Strategy’,

and ‘Antidote Strategy’, etc.
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A Case Relevant to Software

The following introduced case had been going on inside the author’s client company in Gyeonggi-do
of South Korea through at most five consulting meetings from 25 of March to 25 of April in 2013. The
client company started to make an entry into autonomous driving control market and wanted to
overcome others’ patent barrier and build its own patent barrier through patent design around.
‘Intellectual Property Generation’ was one of mottos of the client’s R&D departments. Now that the
client company demanded that all documents produced from consultation with the author,
particularly results from ‘Occasion Axis’ which contains lots of knowhow of them, had to be
mandatorily eliminated by one month after the consultation was finished, it should be noted that the

following information was prepared newly for this paper completely on the author’s own.

The target patent is titled “Lane-Keep Control System for Vehicle” which concerns the way to control
a vehicle so as to prevent a deviation of the vehicle from a traveling lane[29]. This patent is mainly and

strongly relevant to software design.

Table 5. Claim 1 of the Target Patent of the Case

Claim 1 of the Target Patent

A lane-keep control system for a host vehicle, comprising: a control unit configured,
to detect a traveling condition of the host vehicle,

to determine whether there is a tendency of a lane deviation indicative that the host vehicle is deviating

from a traveling lane, according to the traveling condition,

to execute a lane-keep control for controlling the host vehicle toward a deviation-preventing direction of
preventing the lane deviation according to the traveling condition when there is the tendency of the lane

deviation,

to limit the lane-keep control when the lane-keep control is executed according to the determination as to
the tendency of the lane deviation and when the determination as to the tendency of the lane deviation is
made according to the traveling condition under a condition that the host vehicle is traveling a lane-

deviation area deviated from the traveling lane.

Table 5 and Table 6 show the original claim in text and ENV Analysis table of it as discussed in the

previous section.

According to the patentees’ embodiment cases, one way of determination of ‘tendency’ is the
comparison of a car’s lateral displacement limit value and the patentee’s calculation of a certain
‘deviation estimate’ from using several parameters of a car like yaw angle, vehicle speed, and lateral

displacement at a certain moment. As Table 6 presents, you can freely design the structure of ENV
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Analysis Table to make it be adapted to the content of the target claim. Table 7 doesn’t show the fore
column, the ‘Element’ column, to decrease the table width in favor of readability of Table 7 in this
paper. You cannot find ‘Purpose contents’ guessed or supposed by the client experts because they are

confidential. Instead, the author inserted ones on his own.

Table 6. ENV Analysis of Claim 1 of the Target Patent of the Case

Function
Element Acti Object purpose
ction Element Feature & Value
detect The host vehicle A traveling condition (no information from the target patent)
A lane deviation indicative
Element Feature .
determine is deviating from a whether there is a (no information from the target patent)
R tendency of
The host | traveling lane
vehicle according to the
traveling condition
For controlling the host vehicle toward a
deviation-preventing direction of preventing the
execute a lane-keep control lane deviation according to the traveling
condition when there is the tendency of the
A lane deviation
cor.]tml the lane-keep control
unit < Condition > (no information from the target patent)
Element Feature & Value
is executed according to
When the lane-keep control the determination as to (no information from the target patent)
the tendency of the lane
limit deviation
is made according to the
traveling condition
When the determination as to under a condition that
the tendency of the lane the host vehicle is (no information from the target patent)
deviation traveling a lane—
deviation area deviated
from the traveling lane

In this paper, part of real practice is present. Refer to the numbering of the 1% column of Table 7 and

the ideation steps of section 2.3.
First, for the 2" ENV item, imagine the patented system doesn’t have the ENV item.

We must lose the data required to make a decision about whether or not to control.
Therefore, instead of ‘determine whether there is a tendency of a lane deviation indicative’,
we should introduce alternatives considering ‘3 Test of Doctrine of Equivalents’
2-(1) Abstract the ‘Function’ according to ‘Abstraction Axis’ of OTSM.
We paid attention to ‘Name’ and ‘Value’ of ‘Feature’ of the 2" ENV in Table 6.
They offer ‘a tendency of a lane deviation indicative’.
According to ‘Abstraction Axis’, we easily abstract the original to get ‘a certain parameter of
a lane deviation indicative’. Instead of ‘tendency’ that the patentee calculates by a certain

way presented in the target patent, we can introduce other parameters along with ‘Occasion
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Axis’. If our new parameter doesn’t need any calculation of certain changes, ‘At Least,
Literally’, our new way to achieve ‘Purpose’ and ‘Result’ has a different ‘Way’ of ‘3 Test of

Doctrine of Equivalent’ from the target patent.

Table 7. ENV Analysis of Claim 1 Considering ‘Doctrine of Equivalents’ of the Case

Function
Object purpose Function Way Result
Action Feature &
Element
Value
sensin,
(No purposes i nalg,
. A traveling supposed by the data & - .
1.detect The host vehicle . o transmission, | saving data
condition experts) acquisition & memor
Offering data . Y
input
A lane deviation indicative
(No purposes
Element Feature supposed by the determination tendenc
- — whether there iy v - . ¥ determination
. is deviating X experts) criterion calculation & .
2.determine . is a tendency . : of deviation
from a traveling Offering data parameter signal .
The host . of . . . existence
vehidle lane according required for control evaluation transmission
to the traveling decision
condition
For controlling the
host vehicle toward a
deviation-preventing
direction of . signal )
. driving . vehicle
preventing the lane transmission
3.execute a lane-keep control . . system L movement
deviation according control to driving change
to the traveling systems &
condition when there
is the tendency of the
lane deviation
the lane-keep control
< Condition > under a
Element Feature & Value condition
is executed according to that the host
When the lane- the determination as to (No purposes vehicle is
. traveling a
keep control the tendency of the lane supposed by the interrupt the g )
4.limit deviation experts) lane-keep lane - traveling lane
; ; deviation change
is made according to the Not to reverse the control area
traveling condition driver's i i
When the o river’s intention )
determination as under a condition that deviated
to the tendency of the host vehicle is from the
the lane deviat\i/on traveling a lane — raveling
deviation area deviated lane
from the traveling lane

Second, for the 4" ENV item, imagine the patented system doesn’t have the ENV item.

We must reverse the driver’s intention to make the vehicle change the traveling lane by the
driver. Therefore, instead of removal of ‘limit the lane-keep control’, we should introduce
alternatives considering ‘3 Test of Doctrine of Equivalents’.

2-(2) Come up with alternatives of ‘Way’ to achieve the same ‘Result’ in the similar or same
technical field as the target ENV item. According to the 4™ ENV item and the corresponding
‘Way’ of Table 7, the lane-keep control condition is essential for this ENV item. One important
part of the ENV of the condition is ‘the host vehicle is traveling a lane-deviation area deviated

from the traveling lane’.
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If we come up with an alternative method that doesn’t need the above condition in order to
limit the lane-keep-control along with ‘Occasion Axis’, the method would be another concept

to patent design around.

In practice, three alternative ideas resulted from the ideation based on OTSM-based tools discussed

so far. The relevant new patent was granted in South Korea on March in 2015.

Conclusions

As one of ‘Intellectual Properties’, patents have been paid attention to for companies to build their
own patent barriers or break others’ ones. Therefore, patent design around has been important as a
tool of ‘Intellectual Property Generation’. From that viewpoint, TRIZ has been applied not only to
patent generation but also to patent design around. Many TRIZ tools are adopted for patent design
around for analysis and ideation. Patent design around depends substantially on legal rules on patent,
especially, ‘All Elements Rule’ and ‘Doctrine of Equivalents’. Those rules concern a patent infringement
based on ‘claims’. As for that point, we need certain ways explaining ‘openly and expressively’ how to
use claims to avoid patent infringement for patent design around. Likewise, most TRIZ tools are better
for tangible systems and then software and business method patents are not so greatly addressed by
them. In terms of these situations, this paper introduces OTSM-based ENV Analysis and ideation steps
for the best use of claims of a target patent. ENV Analysis is combined with considering ‘3 Test of
Doctrine of Equivalents’ and ideation steps are deployed with Advanced Multi Screen Thinking of
OTSM. These methods have been developed step by step and used increasingly by the author since
1997 when OTSM was first introduced to South Korea. Those have been applied to more than 42
patents until 2024.

The introduced method can be followed by any other TRIZ tool applications for substantiation and by
patent strategic deployment like ‘Picket Fence Strategy’, ‘Toll Gate Strategy’, and ‘Antidote Strategy’,

etc.
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MEASUREMENT AND DETECTION: VITAL ROLE
IN 215 CENTURY TECHNOLOGY.

HEMANT PARDIKAR

TRIZ PROFESSIONAL, LEVEL 3, PUNE, INDIA

Measurement and Detection (M&D) are addressed within the 76 Inventive Standards of TRIZ,
specifically among the 12 standards in the fourth group [1] While M&D might initially appear to be
peripheral functions within a technical system (TS), this paper highlights their foundational role in all
TSs. In simpler systems, detection is based on human sensory perception and measurement relies on
individual judgment. However, as technical systems increase in complexity, the significance of M&D
becomes more pronounced, as demonstrated by the critical importance of instrumentation in

engineering disciplines.

With the advancement towards greater ideality in technical systems, human intervention
progressively decreases, and tasks formerly performed by individuals are increasingly automated.
Consequently, technical systems evolve into hybrids that integrate hardware (physical components)

with software (information acquisition, processing, and decision-making capabilities).

ME&D serves as a vital two-way conduit for information exchange between the software and hardware

components of TSs.

Additionally, technological evolution involves substituting physical objects with fields, resulting in

modern high-tech TSs that combine hardware, software, and fields.

As these systems continue to evolve, the predominance of fields, software, and M&D becomes
evident, relegating hardware to a supporting function. For example, in advanced fighter aircraft,
capabilities such as 'beyond visual range' target detection and precise missile guidance are essential,
rendering the aircraft’s physical configuration secondary though important. The integration of
artificial intelligence further enhances the information processing and decision-making capacities of

TSs, a growing trend observable across diverse technological domains.

In many scientific and technological fields, M&D emerges as the principal means of exploration.

Astronomy, for instance, is entirely dependent on detection and measurement, a reliance mirrored in
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medical diagnostics and research at cellular or molecular scales, where direct human interaction is

either not feasible or desirable.

TRIZ was originally developed from approximately 1960 to 1985, a period marked by limited

information processing capabilities and minimal use of fields in technical systems.

Given the subsequent advancements in science and technology, it is imperative for TRIZ to evolve
accordingly, acknowledging the expanded role of software and M&D. It is anticipated that all aspects
of TRIZ may be impacted, necessitating ongoing research to adapt TRIZ for the design and
development of more efficient technical systems in the decades to come, especially when
advancements in Artificial Intelligence, Internet of things (IOT), Industrial internet of things (IIOT) are

promising to take autonomy in technical systems to the next level.
This paper confines itself to the role of M&D in contemporary technical systems.

(Key words. Measurement and detection, technical systems, fields.)

Introduction.

TRIZ trends state that all machines evolve towards ideality by gradually increasing their autonomous
function capabilities. The challenge lies in automating a component's task and transitioning this
automation from one component to another. Additionally, it is crucial for machines to verify the
correctness of tasks performed and communicate effectively with humans about the accuracy of the

sequence of tasks and any errors that may arise.
Measurement and detection play a central role in enabling machines to execute these functions.

Every technical system comprises four segments: operating, energy source, transmission, and control.
The control segment facilitates the other three segments to fulfill their responsibilities according to

the requirements of the technical system, primarily through detection and measurement.

In many systems, especially simpler ones, detection is performed through human senses, while
measurement relies on human judgement. Even for humans to perform these tasks, measuring and
detecting various aspects is essential. For example, when driving a car, it is necessary to be aware of
the speed, gasoline levels, engine temperature, distance traveled, etc. This information is provided by
measurement and detection (M&D) instruments and displayed. These activities support the primary

function of driving, which is performed by humans and requires significant skill.
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Measurement and detection becomes even more critical when flying an aircraft. Despite highly
specialized skills required by pilots and navigators, it is impossible to fly the aircraft without the data

provided by M&D instruments regarding various system and super-system variables.

The next level of evolution involves progressively reducing human involvement. This is achieved by
decreasing the human workload (e.g., autopilot in aircraft) or eliminating human involvement

substantially, such as with CNC machines. Concurrently, precision and quality are increased.

Recent developments in the evolution of technical systems include automating very complex tasks
such as we see in driverless cars, drones, robots performing intricate tasks, and extreme examples

like NASA rovers exploring Mars for many years.

Additionally, M&D and fields enable the study of sciences and technologies where human access is
either not possible or not desirable.M&D and fields can bypass the contradiction of access, allowing

areas of knowledge to be studied without requiring human access.
The following sections discuss

a) The traditional role of Instrumentation: M&D performs the task of managing auxiliary processes in

TSs where the main function is still performed by humans.
b) How M&D enables automation of complex TSs with examples of robots.
c) How M&D are used in sciences like Astronomy.

d) Implications for measurement and detection standards.

Traditional role of measurement and detection in technical
systems.

2.1. M&D has been an integral part of all TSs to measure ,monitor and control certain
processes.Instrumentation evolved as a separate branch of engineering focussing on instruments to

carry out the above functions.

However the focus of M&D was on auxiliary function (in products ) or auxiliary processes( in
processes). This was done by detecting different stages in processes including start, stop, raising alerts
if the TS is in the danger of breaching required parameters. The controlling is generally done by
measuring and displaying certain parameters allowing humans to take decision on control of TS.

(Speedometer allows the driver to apply accelerator or brake or change gears).

Control was not the domain of M&D instruments.
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2.2. Over a period of time several auxiliary processes were automated for better facilitation of
performance of the main function or process.This was done by introducing information processing
components called controllers. But the primary function was still performed by humans. Automating
primary functions of TSs and replacing human involvement completely or as a remote controller, is a

trend of past few decades.

2.3. Components of M&D instruments:

M&D instruments of the above type primarily have following components[2].[3]

2.3.1 Sensors:

They look at changes in physical conditions (like temperature, pressure, flow, position) and convert
them into signals that can be measured, monitored, or recorded. These signals provide crucial
information about the state of a system, enabling better control and optimization. There are multiple

types of sensors.

1. Temperature Sensors: These include thermocouples, resistance temperature detectors
(RTDs), and thermistors, used to measure temperature in various environments.

2. Pressure Sensors: Devices like piezoelectric sensors and strain gauges are used to measure
pressure in fluids and gases.

3. Flow Sensors: Including turbine flow meters and ultrasonic flow meters, these are essential
for monitoring the flow rate of liquids and gases.

4. Level Sensors: Ultrasonic, capacitive, and radar level sensors are used to measure the level of
substances within tanks and silos.

5. Proximity Sensors: These include inductive, capacitive, and ultrasonic sensors used to detect
the presence or absence of an object without physical contact.

6. Vision sensors: Cameras, LIDAR etc. are used to do mapping and object detection.

2.3.2. Transducers.

They convert signals from sensors to electric signals which can be measured and analyzed so that they

can provide meaningful output for further processing. Transducers of different types are

1. Piezoelectric Transducers: Convert mechanical stress into an electrical charge, commonly

used in pressure sensors and accelerometers.
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2. Electromagnetic Transducers: Convert magnetic fields into electrical signals, found in devices
like microphones and speakers.

3. Thermoelectric Transducers: Generate electrical voltage from temperature differences,
utilized in thermocouples.

4. Photovoltaic Transducers: Convert light into electrical energy, used in solar cells and

photodiodes.

Normally sensors and transducers are coupled together.
2.3.3. Signal Conditioners:

They clean, amplify, convert analog to digital signals for proper analysis or display.
2.3.4. Recorders and displays.

They display the processed signals which can be stored and or displayed so that humans can derive

meaningful information about parameters of variables of different processes in a technical system.
Recorders as well as displays are analogue, digital and graphic.

Though visual displays are the primary ways in which output is available to humans controlling TSs, in

many cases there are auditory signals which can be heard by humans and facilitate control of the TS.

In rare cases olfactory signals are also used. Especially in chemical processes, food processing etc.
2.3.5. Controllers:

There is a trend of progressively automating the auxiliary processes in a TS. For that the electric signals
after conditioning are passed on to data analyzing systems called controllers, who in turn command

automation. This will be discussed in detail in the later section.

3 MA&D: Critical for automating technical systems.

As technical systems develop, auxiliary processes once requiring human input become automated,

reducing cognitive demands.
Eventually, the main function may also be automated, decreasing human involvement.

In TRIZ terms, if humans are trimmed, their monitoring and management roles must be assigned to
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the TS.So the latter must have certain components to do so.
While automated TSs vary widely, their automation generally follows a similar approach, as illustrated

below by example of robots.

3.1. General structure of a robot:[4][5][6]

Robots use M&D components like sensors, transducers, and signal correctors to convert system data

into electrical signals.

In addition, controllers process these inputs and send out commands as electric signals, which

actuators then transform into energy for the robot’s end effectors to perform tasks.
Sensors and transducers were already discussed earlier.

The following are the details of other major components.

3.1.1. Controllers:

The controller receives and processes sensor data based on programmed logic and generates

electrical signals that drive actuators to activate end effectors.

Most robots have either micro controllers or microprocessors as control units. Microcontrollers are
ideal for simple robots with basic functionalities whereas microprocessors, on the other hand, are
more powerful and capable of more complex tasks such as image processing and real time decision

making.

3.1.2 Software.

Inherent in M&D activity is “if-then-else “kind of decision making. (if the temperature of the patient is
above 98.6 degrees Fahrenheit, then he has a fever, else fever is not there). This enables utilizing M&D

input in complex data analysis.

The cleaned data from Sensor-transducer combines is processed to create actionable commands for

actuators and end effectors to perform required tasks.

This programming is done in one of the three languages: C++, Python, Java. This depends on the type

of tasks to be performed.

In highly advanced robots, especially when facing uncertainty,machine learning/deep learning is used

instead of fixed programming, allowing the robots to process large data sets, identify patterns, and
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make spot decisions.

3.1.3. Actuators:

Actuators are also called output transducers, who convert electric signals into other types of energy

(mostly mechanical) for end effectors to give desired output.

The actuators are generally electric motors, hydraulic or pneumatic actuators, linear actuators, soft

actuators, LED lamps etc.

3.1.4. End Effectors:

End effectors are the components of the robot which perform the task for which the robot was
designed. They are the tools which interact with the objects in the supersystem. They can be simple

grippers to pick up objects, do weld etc., to highly specialized tools, for example, to perform surgery.

The most common types are mechanical grippers, magnetic grippers, soft grippers, painting nozzles,

welding torches, surgical tools, and multitool end effectors,LEDs, and various field generators.

3.1.5. Human-Robot Interface:

All robots have human robot interfaces like displays, voice, gesture recognition. The present trend is

overriding human control of varying degrees (especially remote control) over all types of robots.

(There are other essentials like communication protocols, external structure, etc. which are not

important in the context of M&D so not discussed here).

3.1.6. M&D and robotic performance:

The seamless interaction between sensors,actuators and control systems is what enables a robot to
interact adaptively and intelligently in the supersystem. This interaction is a continuous loop: sensors
capture environmental data, which the control system processes to generate actionable commands,
and then actuators execute those commands—then the sensors verify the outcome, creating a cycle

of perpetual feedback and adjustment.

In the “Sense-think-act-review” kind of feedback loop, the first and last are M&D actions. This feedback

loop could be very rapid in case dynamic TSs like autonomous vehicles, drones, missiles etc.
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3.1.7. Sensor fusion.

This involves combining data from multiple sensors to increase accuracy and overcome individual

sensor limitations. This is crucial in advanced robotics.

Drones rely on various sensors—such as cameras (2D, stereo, monocular), LIDAR, radar, ultrasonic,
infrared sensors, and time-of-flight sensors—to map their environment, locate themselves, and detect
obstacles. Integrating these sensor inputs allows drones to accurately assess their position and avoid

collision.[5] (All of these may not be present in every drone).

3.1.8. Conclusion.

From the foregoing discussion on robots, it is clear that

Automation of any TS at any level requires some degree of M&D capability. As TS autonomy grows,

the importance of M&D rises sharply.

With increasing automation in TSs, the role of M&D will become even more significant.

Central role of M&D in areas where direct access to objects is

not possible or desirable.

In disciplines such as astronomy, nuclear science, cellular biology, climate studies, and oil prospecting,
direct human access is not feasible. Even when it is possible, such as in the case of the human body,

direct intervention for diagnostic purposes may not be preferred.

In these circumstances, information is gathered by applying specific fields and observing how objects

interact with or alter those fields.

This approach can be demonstrated using the example of astronomy.

4.1. M&D mother of Astronomical studies:

Astronomy is the study of celestial bodies such as the sun, planets and their moons, stars, and galaxies.

The stars are so far away that if we assume Earth to be 1 meter away from the Sun, the nearest star
will be 50 kilometers away. So how does one study them? The only way is to study the electromagnetic

radiation received from stars in different wavelengths.
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4.1.1. Multi wavelength studies: [7][8][9]

Celestial objects emit radiation across the entire electromagnetic spectrum. From long radio waves
through infrared, visible, ultraviolet up to X rays and gamma rays. Each shows a different aspect of the

celestial body which complements each other and gives a wholistic picture for scientists to study.
Following is a very brief description of how these different spectral bands are used

Radio waves can penetrate extensive dust clouds within galaxies, enabling the detection of newly

forming star systems and providing valuable insights into numerous other phenomena.

Infrared waves also traverse dust clouds, and their spectrum is categorized into near, mid, and far
infrared ranges. These wavelengths are particularly effective for investigating stars and objects
obscured by dust that are invisible in the optical range. Infrared studies complement radio astronomy
by advancing our understanding of stellar formation and surface chemistry. They also complement
visible light studies by Spectroscopic analysis in this range enabling the evaluation of potential water

and carbon dioxide presence within dust clouds.

Visible light facilitates the examination of stellar surfaces and atmospheres. Spectroscopy in the visible
spectrum reveals essential details such as elemental composition, relative abundances, stellar mass,

and various additional characteristics.

Ultraviolet astronomy requires satellite-based observations above Earth's atmosphere to study high-

energy phenomena, including those associated with massive stars.

X-ray and gamma-ray observations yield significant information about extremely energetic events
such as highly magnetic stars, end-of-life stellar events like supernovae, and exotic objects, including
black holes.

4.1.2. The two most useful scientific effects of electromagnetic waves in

the study of astronomy are spectroscopic analysis and interferometry.

4.1.2.1. Spectroscopy. [10]

By dispersing light from stars, nebulae, and galaxies into constituent wavelengths, astronomers
identify characteristic absorption and emission lines that reveal elemental abundances, temperatures,

densities, and velocities.

Doppler shifts in spectral lines measure radial motions of objects, enabling detection of binary stars

and exoplanets.
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Infrared and ultraviolet spectroscopy probe dust-obscured regions and high-energy processes beyond
atmospheric transparency. Radio and X-ray spectrometers extend spectral coverage to molecular

clouds and hot plasmas.
Together, these techniques contribute to stellar classification, galactic evolution studies, and

cosmological distance measurements.2

4.1.2.2. Interferometry. [11]

Interferometry in astronomy enables us to study those aspects of celestial bodies which would be too

minute for the most powerful equipment that can be built by humans.

By combining input from several telescopes and using techniques involving interference, scientists
create a virtual telescope which has substantially higher resolution. Some uses of electromagnetic

wave interference are as follows

In radio astronomy, radio telescope arrays deliver micro-arcsecond resolution by correlating signals
digitally across baselines up to 16 km, enabling detailed imaging of protoplanetary disks and distant

galaxies .

Optical/infrared interferometers such as the VLT Interferometer (VLTI) achieves milliarcsecond

resolution to directly image stellar surfaces and inner exoplanetary zones

Very Long Baseline Interferometry (VLBI) connects global radio antennas, culminating in the Event

Horizon Telescope’s first black hole shadow capture .

Most importantly interferometry was used in the discovery of gravitational waves, which were

theorized by Einstein about 100 years ago but remained un-detected till 2015.

4.1.3. Industrial uses.

Both spectroscopy and interferometry have extensive uses in multiple areas of industry.

4.2. Central role.

Similarly, fields play a central role in various scientific disciplines and industries where direct human

access is either not possible or not desirable.

5.Implications for measurement and detection standards.

Based on the previous discussion, it is necessary to identify which M&D standards are mainly applied

in (a) the automation of TSs and (b) situations where M&D of fields serves as the sole means of
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acquiring knowledge.
Also, whether modification of existing standards or introduction of new standards is necessary.

(Suggestions inviting debate).

5.1 M&D standard 4.1.2.

These standards state that if direct detection or measurement of an object is not possible then a copy

or optical image is to be used.

Entire instrumentation uses this standard to detect and measure various parameters and display on

digital or analog instruments.
But many instruments give auditory signals like speakers, sirens, alarms, beepers.
Likewise in a few cases olfactory signals are also involved (leakage of gas can be detected by smell).

It is suggested that a modification to accommodate the sense of hearing and smell can be made.

5.1. M&D standard 4.1.3

All autonomous TSs use this standard. No change is required here.

5.2. Group 4.3 Intensification of measurement su-field.

The three standards in this group talk of using physical effects, resonance, and natural frequency

changes.

As spectroscopy and interference are used so extensively in vital areas of science and industry,

standards may be introduced to include each of these.

5.3 Group 5.2 Introduction of fields.

As it was seen in autonomous TSs that to increase accuracy, multiple sensors are used to measure the

same parameter (like distance of an object in a super system), there may be a standard added to this
group.

Secondly to increase performance accuracy of the autonomous TSs, there is a constant feedback loop
of output fields. We may need a standard to capture this practice which is already extensively in use.

These are first cut suggestions and need to be debated in the TRIZ community.
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Conclusion.

According to TRIZ trends, technical systems are evolving toward greater autonomy with less human

input, increasingly relying on fields rather than physical components.

These systems will substitute human senses and judgment through measurement and detection of

specific fields.

As Al and Industry 4.0 technologies like 10T drive this shift, It is crucial to analyze measurement and
detection from a TRIZ perspective. like, field interactions with hardware and software may introduce
new contradictions specific to measurement and detection. More research and debate are required

here.
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This study proposes strategies for securing strategic patents and developing innovative products in
the semiconductor manufacturing sector through patent seminars and tailored patent consulting. TRIZ
(Theory of Inventive Problem Solving) is a creative problem-solving methodology that identifies and
resolves fundamental contradictions inherent in technical challenges. Over the past four years, our
research institute has conducted monthly TRIZ-based patent seminars and provided customized
patent consulting to researchers aiming to file patents. Through these initiatives, we have confirmed
that the TRIZ methodology can be effectively applied to actual patent applications and product
innovation. This approach has lowered the psychological barriers to patent filing among researchers
and, by introducing and recommending TRIZ’s 40 inventive principles, has enabled even non-TRIZ
experts to rapidly and effectively generate innovative solutions. In particular, this study explores
patent consulting methods utilizing Large Language Models (LLMs)-based generative Al solutions and
proposes a hybrid patent consulting approach that integrates TRIZ and LLMs. This hybrid approach not
only enhances patent avoidance and claim strengthening through consulting but also demonstrates
significant potential for application across various R&D and innovation activities. It is expected to play
a crucial role in formulating corporate intellectual property strategies and strengthening researchers’

innovation capabilities.

Keywords: TRIZ, Patent, Consulting, Semiconductor, LLMs, Al
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Introduction

Patents are recognized as a significant intellectual asset for securing corporate competitiveness,
representing a body of knowledge that solves various engineering problems [1]. Some have noted that
because TRIZ is an empirical methodology based on the analysis of past patents, it has limitations in
fully utilizing the vast technological solutions contained in the latest patents [2]. Especially considering
the complexity of new technologies and manufacturing processes in today’s semiconductor industry,
it is essential to introduce new approaches for analyzing and filing new patents. Nevertheless, the
value of TRIZ remains sufficiently high [3]. As an engineer with over 20 years of experience, | have used
TRIZ in the field to derive creative solutions to a variety of engineering problems encountered on site.
Additionally, through patent filings based on these solutions, | have achieved exclusive rights to
innovative technologies. Although TRIZ can be an effective means for engineering problem solving,
the primary reason it has not been widely adopted is that TRIZ itself consists of various methodologies
that make learning and applying it challenging [4]. To disseminate this effective methodology within
my company and assist fellow engineers, | have conducted monthly TRIZ-based patent seminars for
the past four years and subsequently provided one-on-one customized patent consultations for
researchers interested in filing patents. These efforts have helped lower the psychological barriers
researchers feel towards patent filing and have offered practical ways for even non-TRIZ experts,
without prior training, to quickly and effectively derive innovative solutions. Through this study, | also

seek to explore methods to enhance the efficiency of such applications.

Patent acquisition strategies utilizing TRIZ

From a corporate perspective, patents are not simply a strategic option but an essential requirement.
If a company fails to secure patents that provide unique differentiation from competitors, its growth
and even its survival may be at risk. Patents are thus critical assets that strengthen a company’s
competitive edge and are often decisive factors in determining the success or failure of business
ventures [5, 6]. Nevertheless, engineers who have never filed a patent often face significant
psychological barriers regarding the patent application process. Furthermore, an analysis of our
company’s patent application procedure illustrated in Fig. 1 revealed that engineers rarely have
opportunities to develop additional improvement solutions beyond their initial patent ideas during

the application process.
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Fig. 1. The patent application process before the implementation of improvements

To address these challenges, our department has conducted monthly TRIZ-based patent seminars over
the past four years. These seminars have introduced engineers to the fundamental principles of patent
claim interpretation and familiarized them with the TRIZ methodology as an effective tool for creative
problem-solving. As a result, our research institute has achieved a steady increase in patent
acquisitions over the past four years, and we have observed qualitative improvements in the strength

and robustness of patent claims.

The two most critical factors in patent applications are novelty and inventive steps (non-obviousness).
In the context of our company, which specializes in the manufacture of advanced semiconductors,
most research is directed toward novel manufacturing methods that few have attempted before.
Consequently, novelty is inherently ensured and rarely requires further discussion. Therefore, our
patent consulting primarily focuses on reviewing and reinforcing the technical inventive step to

strengthen the overall patent portfolio.

Accordingly, this study proposes a new patent application process that begins with TRIZ-based patent
seminars, as illustrated in Fig. 2, and proceeds with agile consulting for both invention disclosure
drafting and patent review. This process is designed to provide effective feedback at each stage. We

also present the deliverables generated through this approach.

45



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Grade Aor B

e N\ (e N o . . N I 4 Y 14 N\ ' 4
| ( invention Patent r Prepann
Patent Patent idea - Obr:p": nl = a‘;aiez;m Review \ epza(e'mg B
ion nsulting ' g = mmi GVt
Um0 I it \_to the system | | consulting Sadbtbdie ) application
- 4 - i
Agile feedback | | No issues | Agile feedback
Prior art search )
Lack of noveit
nia
PR S I S
Termination Termination

Fig. 2. The patent application process following the implementation of improvements

TRIZ-based patent seminars

New employees and experienced staff with no prior patent application experience often feel an
underlying sense of apprehension toward the patent application process. In the context of engineers’
daily work—analyzing and solving problems encountered in their tasks—patents can be regarded as
another form of work output. However, the lack of patent experience often results in psychological

barriers that prevent employees from taking the initiative to file patents.

To address this issue, we conduct seminars that offer candid discussions about patents, aiming to
lower these barriers and encourage participation. These seminars are structured around the following

four key components:

Definition of invention
TRIZ patent law, patent fundamentals, and TRIZ
Patent application process
4. Patent search methods
In particular, with respect to patent law, even a basic understanding of the general principles of patent

wnN e

claim interpretation enables engineers to readily comprehend how to avoid existing patents and to
recognize the most effective approaches for filing new patents. Furthermore, by introducing TRIZ as a
creative problem-solving methodology, the seminars demonstrate that even individuals who perceive
themselves as lacking in creativity can by applying the 40 inventive principles like mathematical

formulas quickly and efficiently consider a variety of solutions through multifaceted thinking.

Most employees are graduates of various academic disciplines and possess outstanding capabilities in
their respective fields. However, when it comes to problem-solving, there is a tendency to rely on the
knowledge and skills specific to one’s own major or technical expertise. In other words, while these
strengths can be valuable, they may also become a liability by leading to a narrow-minded approach

to problem-solving and reinforcing entrenched perspectives.
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In contrast, TRIZ offers the significant advantage of enabling individuals to examine a wide range of
improvement strategies for problems from diverse perspectives, regardless of their academic or
technical background, and within a short period. This approach provides an excellent opportunity to
reconsider complex and persistent challenges from more multifaceted and objective viewpoints,

thereby enhancing its value.

Over the past four years, the monthly patent seminars have proven effective in lowering the
psychological barriers faced by employees with no prior patent application experience. These
seminars have been particularly beneficial for those who wish to prepare or are in the process of

preparing patent applications.

Problems in the patent process and a new approach

Our company has established a stable and well-structured patent application process over an
extended period. This is evidenced by our ranking as the top U.S. patent applicant for three
consecutive years as of 2024 [7], as well as our second-place position in the global patent activity
statistics published by the World Intellectual Property Organization (WIPO) in 2023 [8]. Internally, we
have selected and deployed expert patent reviewers who effectively classify patents and conduct

thorough reviews to ensure high-quality claims.

However, from the perspective of researchers tasked with reviewing inventions for patent
applications, there remains a sense that the process could be made more efficient and supportive. To
address this, this study identifies two areas for improvement within the existing patent application

process and proposes enhancements through agile TRIZ-based consulting.

TRIZ-based consulting is implemented as follows: First, during the preparation of an invention
disclosure, researchers receive expert TRIZ consultation to expand ideas and strengthen various claims
while reviewing prior art. Specifically, by reflecting the TRIZ methodology, Root Cause Analysis (RCA)
is used to accurately define problems, and the 40 inventive principles are applied sequentially to
encourage inventors to consider solutions from multiple perspectives beyond those initially prepared.
Even inventors who have not received prior TRIZ training can benefit from this consulting process, as
it enables them to explore diverse ideas with expert guidance. TRIZ consulting not only expands the
scope of claims but also helps inventors uncover the underlying meaning and value of their solutions,

thereby reinforcing the technical inventive step, a core requirement for patentability.

Effects of patent education and consulting

Over the past four years, TRIZ-based patent education has been conducted on a monthly basis, initially
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within my department and gradually expanded to encompass the entire M R&D center. An analysis of
the Institute’s patent application trends during this period indicates a clear quantitative growth in
filings. Table 1 and Figure 3 illustrate the number of patent applications submitted by each department
over the past four years, showing a total increase of approximately 388%, which corresponds to an

average annual growth rate of around 41%.

In addition, through TRIZ-based patent consulting, efforts were made to uncover and articulate the
latent technical value of inventions, thereby expanding meaningful claims, while also applying TRIZ
inventive principles to enhance the inventive step of patents. As a result, qualitative improvements
were also pursued. A review of the patent applications filed through two years of consulting activities
since 2023 (as summarized in Table 2) demonstrates a 70% filing rate, with examination grades
distributed as A grade (85%) and B grade (15%). These outcomes significantly exceed the institute-
wide average of A grade (50%) and B grade (40%).

These quantitative and qualitative achievements in patent applications can be attributed largely to
the monthly three-hour TRIZ-based patent seminars, complemented by personalized follow-up

consulting sessions organized as the “Patent Consulting Day.”

Table 1. Patent application trends over the past five years

Patent Application Year | .
Department nereasing
2020 2021 2022 2023 2024 Rate
Nu M R&D Center 59 90 132 195 229 388%
m S team 3 6 11 26 51 1700%
be
Cteam 15 25 35 55 58 387%
r
of D department 39 59 86 114 120 308%
Pa
1team 13 17 25 33 30 231%
te
nt 2 team 7 9 16 19 21 300%
Ap 3 team 10 17 28 40 42 420%
pli
4 team 9 12 15 18 20 222%
cat
ion Staff 1 1 4 2 1 5 500%
s Staff 2 1 0 0 3 2 200%

Table 2. Patent application grading results after TRIZ-based patent seminars and consulting
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Index 2023 2024 General Average
TRIZ Patent Seminars [count] 9 8 -
TRIZ Consulting [count] 71 62 -
Al 3 (5%) 2 (5%) 4%
Patent Grade A2 42 (78%) 33 (80%) 46%
[counts (rate)] B 9(17%) 5(13%) 40%
Drop 2 (3%) 0 (0%) 10%
Patent Applications Rate [%] 83 85 -
== M R&D Center S toam _
o team D department
o0 -t | team ¢ 2 team
w3 tCAN . { 1CAIN
i Staff | »—Staff 2
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~
o
J
>
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Fig. 3. Patent application status of the R&D Center over the past 5 years

In 2024, however, the impact of the seminars and consulting appeared somewhat diminished due to
insufficient implementation following my transfer to another department. If each department were
to adopt and replicate the same seminar and consulting model, the positive effects could be expanded
even further. This experience has led me to consider how such practices could be scaled and
institutionalized across the entire research institute. To address this challenge, | am currently
exploring the application of Large Language Models (LLMs) as a means to support and further expand

these initiatives.
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Proposed patent consulting

While our department has made steady progress in improving patent applications, we recognized the
need for more effective methods to amplify these improvements across a large organization such as
ours. Specifically, we explored the use of LLM-based generative Al solutions as a means to deliver

patent consulting, and we present the results of our step-by-step validation of this approach.

Advantages of LLMs for patent consulting

When applied to patent consulting, LLMs offer the following advantages [8, 10]:

Objective, Learned Knowledge: LLMs leverage objectively trained knowledge, enabling users to

transcend the narrow perspectives often shaped by their own academic or professional backgrounds.

Multidisciplinary Insights: Drawing upon knowledge from a wide range of fields, LLMs provide advice
that encourages multifaceted thinking, similar to the 40 inventive principles of TRIZ, and support

comprehensive reviews from diverse perspectives.

Concrete Solution Proposals: Rather than offering vague keyword suggestions, LLMs can articulate

specific solutions, thereby inspiring inventors with more concrete and actionable ideas.

Rapid and Effective Recommendations: LLMs are capable of delivering prompt and effective

suggestions, significantly reducing the time required for idea generation and refinement.

Iterative Prompting for Deep Exploration: By continuously prompting and questioning, LLMs help

users clarify and deepen their thinking, facilitating thorough and nuanced reviews.

Positive Review Inspired by the Ideality Principle: Like the TRIZ ideality principle, LLMs enable positive

and open-minded reviews, unconstrained by preconceptions of impossibility.

Competitor Patent Avoidance and Claim Enhancement Strategies: LLMs can assist in reviewing
strategies to design around competitor patents and improve patent claims, thereby strengthening the

overall patent portfolio.

Patent consulting effect of LLMs : Thermal deformation improvement in

Extreme Ultraviolet (EUV) scanner mirrors

Although LLMs possess many advantages as learning-based systems capable of continuous growth,

we aim to evaluate how effectively they can contribute to state-of-the-art semiconductor research.

Over the past four years of patent consulting, we have endeavored to identify improved solutions

based on TRIZ methodology. While it is difficult to assert with full confidence that these represent the
50



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

best possible solutions, we have nonetheless strived to file patents with improved approaches under
given practical constraints. Recently, by defining problems more effectively through TRIZ and
conducting systematic analyses, we have attempted to explore improved solutions using LLMs,
particularly by employing prompt-based queries. For example, in the case of utilizing advanced EUV
lithography for ultra-fine semiconductor patterning, a challenge arises due to high absorption rates of
the light source, leading to thermal deformation of internal mirrors. To mitigate this, pre-
compensation methods using infrared light have been applied. By posing a query such as, “Given this
issue, please suggest additional improvement strategies based on the 40 inventive principles of TRIZ”,
we obtained a variety of ideas, as summarized in Table 3. Leveraging these results, we were able to
effectively propose specific applications, such as mirror structures utilizing novel materials like
graphene, and ultimately expand patent claims. Based on this approach, we successfully filed strategic

patents with greater technical and commercial value.

Table 3. Review of LLMs analysis on strategies for mitigating thermal deformation in EUV mirrors

Invention Principles Proposed Methods

- Finely divide the cooling channels on the backside of the mirror to maximize

localized cooling efficiency.
#1:

- Design the mirror as a multi-layered structure (e.g., Mo/Si multilayer), with
Segmentation
different coefficients of thermal expansion for each layer, or separate the

surface layer from the support layer to disperse thermal stress.

- Use composite materials such as Si, Mo, and Ru, which have low coefficients

of thermal expansion, along with novel high-temperature-resistant materials,
#40 .
to reduce thermal deformation.

Composite materials
- Apply composite layers consisting of metals with high thermal conductivity

and heat-resistant ceramics.

Arrange materials with different thermal expansion coefficients

asymmetrically to create a self-compensating structure that automatically
#37:
adjusts for thermal deformation.

Thermal Expansion
- Insert metamaterials into the mirror backplane to compensate for thermal

expansion.

- Coat the mirror with phase change materials (PCMs) that actively absorb and
#13:
release heat.
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Inversion - Implement localized cooling systems that target only areas where heat is
concentrated.
- Circulate special cooling fluids (e.g., liquid metals, inert gases) on the mirror
#24 : surface to promote rapid heat removal.
Interdiary - Insert highly conductive interface materials between the mirror and the
cooling system.
- Use honeycomb porous structures in the mirror support or backplane to
#31:

Porous Materials

reduce weight and optimize thermal conduction paths.

- Insert air or vacuum layers to control heat transfer.

#19:

Periodication

- Automatically insert short cooling cycles during EUV exposure to prevent

heat accumulation.

- Monitor the mirror temperature in real time and automatically activate

cooling when a critical threshold is reached.

#4 .

Asymmetry

- Place cooling channels selectively only in areas where thermal load is

concentrated, maximizing efficiency.

Patent consulting effect of LLMs : Cleaning solutions for tin droplet

nozzle in EUV scanners

In the exposure process utilizing EUV scanners, one of the key components is a device that generates

tin droplets of consistent size at high speed. However, the absence of a built-in cleaning mechanism

makes this device prone to contamination. To address this issue, we consulted LLMs to explore

potential improvements, and as shown in Table 4, a variety of enhancement strategies were identified.

Not only did we receive guidance on the application of additional laser cleaning devices, which we had

previously considered, but we were also able to develop effective patent claims for a compact gas

cleaning method that reduces the number of components. This approach enabled us to strengthen

our patent portfolio by incorporating innovative and practical solutions to address contamination

challenges.
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Table 4.

Review of EUV tin droplet nozzle cleaning strategies using LLMs

Invention Principles

Proposed Methods

#1:

Segmentation

- Design the interior of the nozzle as a multi-channel structure so that, if one
channel becomes contaminated, operation can immediately switch to

another channel, enabling continuous operation.

During cleaning, selectively clean only the contaminated channel,

maximizing maintenance efficiency without halting the entire system.

- Temporarily reverse the direction of tin droplet ejection (Reverse Pulse) to

discharge residues or contaminants inside the nozzle in the opposite

#13:
direction.
Inversion
- Use short pulse pressure or vacuum to induce reverse flow and remove
contaminants.
- Attach ultrasonic vibrators to the outer wall of the nozzle to generate micro-
vibrations during operation or downtime, thereby separating tin residues and
#18:

Mechanical Vibration

contaminants.

- Optimize ultrasonic frequency and amplitude according to the viscosity of tin

and the size of the nozzle.

#24:

Intermediary

- Periodically inject special cleaning gases (e.g., inert gases, H, or Ar) into the

nozzle to physically separate tin contaminants without chemical reaction.

- Simultaneously introduce fine cleaning particles during gas injection to

enhance physical friction cleaning.

#19:

Periodic Action

- Automate the nozzle cleaning cycle to insert short cleaning sequences at

regular intervals.

- Prevent contamination accumulation in the nozzle without interrupting

production.

#4:

Asymmetry

- Design the nozzle outlet in an asymmetric structure to separate the flow path
of tin droplets from the accumulation path of contaminants, thereby

minimizing contaminant buildup.
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First, this approach enables the rapid generation of specific application examples, in contrast with the
time-consuming process in which TRIZ experts collaborate with inventors to derive improvement
solutions. While non-TRIZ experts may struggle to infer concrete applications from the 40 inventive
principles—often perceiving them merely as idea keywords—LLMs can use these keywords to present
detailed, relevant application cases, making the principles easier to understand and apply. Even if not
all the information provided by the LLM is immediately useful or adoptable, the specific examples it

generates can serve as valuable triggers for further improvement ideas.

Second, this method facilitates the exploration of diverse and complex improvement strategies that
go beyond one’s own academic background or professional perspective. Typically, when solving
problems, individuals tend to rely on approaches influenced by their own major or field of expertise.
One of the major advantages of TRIZ is that it enables multifaceted problem-solving by considering
the 40 inventive principles, which transcend disciplinary boundaries. When LLMs are utilized, they not
only incorporate this TRIZ-based combinatorial thinking, but also integrate specialized knowledge
from relevant fields. As a result, users can obtain higher-quality outcomes that are informed by
domain expertise—beyond what could be achieved by relying solely on their own diverse thinking.
This is demonstrated by the LLM’s ability to propose specific and effective implementation methods,

such as new materials or cooling fluids tailored to the field in question.

TRIZ-LLMs (TL) hybrid patent consulting

Based on the findings of this study, we propose a TL hybrid patent consulting method that integrates
TRIZ and LLMs [11, 12]. By leveraging the respective strengths of TRIZ and LLMs in a complementary
manner, this approach can unlock new possibilities for creative problem-solving and innovation . The
TL hybrid method is expected to overcome the limitations posed by the limited number of TRIZ experts

and achieve a significantly broader impact.

Define Generate
Analyze Evaluate
TRIZ LLM

Fig. 4. Proposed TRIZ-LLMs hybrid DAGEV method
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The TL hybrid consulting approach is largely composed of TRIZ-based problem analysis and LLM-based
solution review, as illustrated in Fig 4. First, in the TRIZ-based problem analysis phase, effective
problem definition is achieved through methodologies such as Root Cause Analysis (RCA), function
analysis, and resource analysis. This process aggregates essential background information necessary
for solution development. Notably, the value of solutions to a given problem can vary depending on
the specific environment and conditions; therefore, some degree of subjective review and analysis is

necessary, and inventors should consider solutions within the context of their own circumstances.

Second, the LLM-based solution review leverages the results of TRIZ-based problem analysis to
generate and evaluate proposed solutions using generative Al. This approach enables the rapid
identification of multifaceted and concrete solutions. Similar to how TRIZ experts can efficiently
review solutions based on the 40 inventive principles, LLM-based consulting allows non-experts to
quickly and effectively identify specific solution methods—potentially even more rapidly than TRIZ
experts. While not all proposed solutions may be immediately applicable, LLMs can provide inventors

who are themselves experts in their fields—with meaningful and valuable solution suggestions.

Conclusions

In this study, TRIZ was not only utilized as a means to derive problem-solving methods for conventional
tasks but also demonstrated its effectiveness as a tool for patent applications. Over the past four
years, TRIZ-based seminars and consulting activities have proven instrumental in the field of advanced
semiconductors, enabling the identification of strategies to design around prior art and to strengthen
patent claims by compensating for insufficient technical inventive steps. TRIZ has thus been confirmed

as an effective tool for generating new solutions through a broad, multi-perspective approach.

This study proposes a TL hybrid patent consulting method that integrates TRIZ and LLMs. This
approach holds significant potential not only for patent circumvention and claim enhancement
through consulting but also for various R&D and innovation activities. In particular, it is expected to
be highly beneficial for companies in formulating intellectual property strategies within rapidly

evolving technological environments.

Furthermore, the TRIZ-LLMs hybrid approach can serve not as a replacement for TRIZ experts, but as
a tool to complement and enhance their capabilities. By enabling consultants to deliver greater value
and deeper insights, this approach is expected to improve the overall innovation capacity across the
industry. Especially in fast-changing technological environments, this method is anticipated to make a
substantial contribution to the formulation of corporate IP strategies and the strengthening of

innovation capabilities.
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AUTOMATED CONTRADICTION ANALYSIS IN
PATENTS USING A GPT-BASED ANALYZER

Jens Trager*

*TRIZ Expert (Independent), 25491 Hetlingen, Germany

This paper presents a lightweight Al-based system for automated analysis of contradictions in patents.
The approach combines natural language understanding capabilities of GPT with TRIZ principles to
systematically identify tools, objects, and their interactions as well as to extract engineering and
physical contradictions. Case studies demonstrate how the GPT-based TRIZ Analyzer automates key
steps in patent interpretation and contradiction formulation, marking a significant step toward digital
innovation assistance.

Keywords: TRIZ, LLM, GPT, contradiction analysis, Al in patent evaluation, systematic innovation,
semantic search

Introduction

Patent analysis is a fundamental cornerstone of the Theory of Inventive Problem Solving (TRIZ).
Developed through extensive empirical research by Altshuller, TRIZ originated from the systematic
examination of numerous patents. This meticulous investigation revealed recurring patterns and
standardized strategies inherent in inventive problem-solving, ultimately leading to the formulation
of core TRIZ principles, notably the conceptualization and structured classification of technical

contradictions along with inventive heuristics [1], [2], [3].

Technical contradictions, particularly their clear identification and effective resolution, remain integral
to the TRIZ methodology. Despite the established efficacy of TRIZ, its systematic application to patent
documents faces substantial challenges, largely due to the labor-intensive nature and subjective
interpretive requirements involved. The complex and often opaque nature of patent text
characterized by a mixture of legalistic, technical, and deliberately vague language frequently
prioritizes legal defensibility over transparent disclosure, rendering the content difficult for both

human and machine interpretation [4], [5], [6].

Industrial-grade Al platforms now support patent search, landscape analytics, and portfolio
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benchmarking through semantic and natural-language processing techniques such as entity and
relation extraction, coreference resolution, semantic similarity (embeddings), and summarization.
Representative systems include Patentlnspiration [7], LexisNexis PatentSight+ [8], Clarivate’s Derwent
Innovation with Al Search [9], IP.com’s InnovationQ Plus [10], The Lens [11], and PatSnap [12]. These
tools excel at discovery and portfolio-level insights, yet they usually do not extract contradiction
statements as defined in the TRIZ methodology or map prose to standard TRIZ parameters used in

contradiction matrices.

This paper addresses that methodological gap by using a commonly available LLM (ChatGPT) guided
by open, reusable prompt and knowledge files, offering a transparent and portable alternative to
closed, proprietary stacks [13], [14], [15]. The GPT-based TRIZ Patent Analyzer is designed to automate
the extraction and systematic categorization of contradictions from unstructured patent texts. By
leveraging GPT’s natural-language processing capabilities, the analyzer automates contradiction
extraction with high precision and efficiency. The system establishes a robust foundation for
classifying and cataloging patents based on the underlying contradictions and typical parameters they

address.

The subsequent sections of this paper detail the analyzer’s architecture, present empirical
applications, and assess its performance, highlighting its value and potential as an advanced tool

within innovation contexts.

Background

TRIZ postulates that every inventive problem stems from a contradiction in which improving one
system parameter inevitably causes the deterioration of another. These contradictions are
categorized as either engineering contradictions (between two different parameters) or physical
contradictions (a single parameter requiring contradictory states). The TRIZ methodology
fundamentally relies on identifying and resolving these contradictions. The original Altshuller
Contradiction Matrix and its subsequent iterations like the Matrix 2003, provide structured
frameworks cataloging typical engineering parameters involved in inventive problems [1], [16], [17],
[18]. Common parameters include strength, weight, reliability, precision, and productivity, among
others. Systematic identification of these parameters enables practitioners to efficiently apply

established inventive principles, facilitating effective contradiction resolution.

Standardized parameters play a critical role in achieving consistent and replicable contradiction
detection and classification, particularly within automated analytical contexts. Matrices such as Matrix

2003 facilitate translating abstract patent language into structured contradiction statements,
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significantly enhancing the interpretability and practical utility of patent analyses [16].

By combining parameter-based frameworks with GPT-powered natural language processing, the
proposed analyzer is supposed to accurately associate textual descriptions in patents with relevant
TRIZ parameters. This integration markedly improves the ease and precision of contradiction
identification, accelerates the analytical process, and effectively bridges the gap between complex

patent texts and structured inventive frameworks.

Architecture of the Patent Analyzer GPT

The TRIZ Patent Analyzer GPT is implemented as a modular, prompt-driven pipeline that combines
explicit TRIZ knowledge with the large-scale language-understanding capabilities of GPT-40. Figure 1
schematically summarizes the data flow, and the individual stages are detailed below. The complete
prompt (“patent_analyzer”), additional files, and prompt format documentation are openly available
on GitHub [13]. A ready-to-use instance can be accessed through the ChatGPT “TRIZ Patent Analyzer”

shared GPT [14], enabling immediate reproduction of all results reported herein.

Processing Pipeline

The analyzer operates in five sequential stages (Fig. 1). First, it ingests the input, identifies
independent claims and other relevant passages, and segments the text into manageable spans.
Second, the entity-extraction stage identifies Tool-Object—Action triads by combining targeted
regular-expression filters with dependency parsing to label verbs (actions) and link them to their tools
(agents) and objects (targets). Third, during parameter mapping, the extracted entities are matched
to TRIZ parameters via a synonym dictionary derived from Matrix 2003. In addition, the LLM’s fuzzy-
matching capabilities also tend to capture paraphrases not directly listed. Overall, this ensures that a
high recognition rate is achieved from the patent texts. Fourth, contradiction detection, applies rule-
based logic to determine whether the passage expresses an engineering contradiction or a physical
contradiction, in which a single parameter is required to adopt mutually exclusive states. Finally,
report generation compiles the findings into structured tables alongside contradiction statements

expressed in IFTHEN-BUT (engineering) or TO/AND (physical) syntax.

The core extraction logic is implemented in the system-analysis and contradiction-analysis instruction
blocks of the XML prompt (see [13] patent_analyzer.xml). These blocks explicitly enumerate the

sequential steps executed by the model, ensuring deterministic, repeatable reasoning.
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Y

Parameter Mapping

Patent Description / Claims

y

Contradiction Detection

Input Pre-processing

Y

Report Generation

Entity Extraction

Figure 1 Processing Pipeline of the TRIZ Patent Analyzer
Prompt Design and Knowledge Base

The analyzer is deployed as a custom GPT whose behavior is governed by a compact XML prompt
(approximately 7 kB) organized into Metadata, and Instructions sections. The prompt employs a
deliberately low-creativity temperature to keep responses concise, fact-centered, and resistant to
hallucination. In addition, it mounts two external knowledge resources, the forty inventive principles
and a synonym table distilled from Matrix 2003 so that the model can recognize parameter names
even when the patent text uses highly domain-specific paraphrases. Finally, the prompt maintains a
clear separation between the overarching analytical goal of identifying contradictions and the
stepwise operational logic used to achieve it, thereby simplifying future maintenance and extension

of the system.
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Output Schema and User Guidance

Results are delivered as tables of Tool-Object—Action triads, parameter-mapping rationales, and the
final contradiction statements. Each contradiction is tagged with the claim-number plus a source
qguote, thereby preserving traceability back to the patent text. Upon request, the underlying inventive

principles out of the 40 inventive principles from TRIZ can be identified.

Practical Application

The empirical evaluation drew on two deliberately contrasted patent sets.

Set 1 — Expert-authored legacy patents: five pre-Al filings in which the present author is named as an
inventor (EP 3853004 B1; EP 4146455 B1; US 20240375363 Al; WO 2020/177921 A1l1; DE
102020125403 A1l). Because the underlying inventions are intimately familiar to the researcher, this

set serves as a ground-truth benchmark.

Set 2 — Contemporary third-party patents: a deliberately heterogeneous quintet of recent disclosures
covering wearable augmentation robotics, video-display electronics, e-mobility battery thermal
management, portable industrial machining, and marine propulsion (US 10391634 B2; EP 3435678 A1,
DE 102018215325 A1; WO 2020/095781 A1; JP 2019-038276 A). Each independent claim sets out an
explicit performance compromise that the analyzer must surface despite widely differing jargon. E.g.,
balancing real-time load sensing against the responsiveness and torque of a supernumerary artificial
limb. The breadth of application areas and the differently worded trade-offs provide a robust, cross-

disciplinary stress test for the GPT-based TRIZ Analyzer’s contradiction-detection capability.

For every patent, the GPT-based TRIZ Analyzer [14] was tasked via the standard prompt to detect all
engineering and physical contradictions. Its accuracy was scored on a 0-to-5 scale, where 0 denotes a
completely erroneous analysis and 5 reflects perfect identification and characterization of every
contradiction. Omitting a contradiction in the analysis triggered a minimum one-level penalty,

irrespective of whether the correctly found contradictions were otherwise analyzed flawlessly.

Patent acquisition and text quality control

A recurring obstacle in patent analytics is that the freely downloadable PDF versions on databases like
DEPATISnet or Espacenet embed the patent matter as scanned images. Even though GPT models
advertise OCR capabilities, experiments showed frequent transcription errors that led to content
hallucination and mis-classified contradictions. To eliminate this source of problems, every patent was

retrieved via DEPATISnet’s “Searchable text” view, which returns the complete specification as a clean
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HTML document (claims, description and bibliography, but no drawings). The full HTML was copied
verbatim into the analyzer prompt, ensuring that the model receives the entire technical disclosure,
not merely abstracts or claim snippets. All patents were presented in the same input modality to the

patent analyzer GPT, guaranteeing fair, like-for-like comparison.

Standardized analysis prompt

To minimize variability, the following single invariant prompt was applied across all analyses
conducted with the Patent Analyzer GPT. In addition, each patent was evaluated in a fresh chat

session, eliminating any carry-over effects or bias originating from the model’s earlier responses.

“I have a patent here. Analyze and identify all engineering contradictions and physical contradictions.
Identify the improving and worsening parameters, give a quote and the paragraph where the
contradiction was found. State also the inventive principles that were used to solve the contradiction

according to the patent matter. All answers shall be in English language.”

Fixing the prompt’s wording, especially the demand for verbatim quotes with paragraph indices, is
pivotal for auditability. Because the model returns each contradiction side-by-side with its cited
passage, reviewers can instantly open the specification and verify (or challenge) the interpretation.
The same formulation compels the model to list only those TRIZ inventive principles that are embodied
in the claims, suppressing speculative recommendations. Finally, the entire “searchable text” HTML
of each patent was pasted immediately below the prompt in the same input field, ensuring the analysis

is grounded in the unaltered disclosure and eliminating any preprocessing bias.

Results

The GPT-based TRIZ Analyzer processed the five patents in Set 1 and extracted 10 engineering
contradictions and 4 physical contradictions (see Table 1). Using the 0-to-5 scoring rubric described in
Section 3, the mean accuracy across the set is 4.0 + 0.7, indicating solid agreement with the author’s
ground-truth interpretation. A brief per-patent synopsis is given below to clarify how the individual

ratings were assigned.
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Table 1. Detection performance of the TRIZ Analyzer on expert-authored legacy patents (Set 1)

Publication number Identified Identified Physical Overall rating
Engineering Contradictions
Contradictions
EP3853004B1 2 1 3
EP4146455B1 3 1 5
US20240375363A1 1 0 4
W02020/177921A1 2 1 4
DE102020125403A1 2 1 4

Across the five heterogeneous third-party disclosures in Set 2 the GPT-based TRIZ Analyzer surfaced
eight engineering contradictions and five physical contradictions (Table 2). The mean accuracy
reached 4.4 + 0.5, slightly higher than the 4.0 + 0.7 achieved on the legacy benchmark of Set 1. Two
filings, US 10391634 B2 and JP 2019-038276 A earned perfect scores (5/5), underscoring the GPT’s
ability to generalize across domains. Processing speed proved fully compatible with iterative
engineering workflows. Each complete contradiction analysis took approximately 70 s per patent on
standard ChatGPT infrastructure. This latency is short enough to support interactive prior-art

screening during early-stage ideation.

Table 2. Detection performance of the TRIZ Analyzer on contemporary third-party patents (Set 2)

Publication number Identified Identified Physical Overall rating
Engineering Contradictions
Contradictions

US10391634B2 2 1 5
EP3435678A1 2 1 4
DE102018215325A1 2 1 4
W02020/095781A1 1 1 4
JP2019-038276A 1 1 5

63



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Discussion

Across the ten heterogeneous patents examined, the GPT-based TRIZ Patent Analyzer extracted
eighteen engineering contradictions and nine physical contradictions, which means that every
independent claim gave rise, on average, to roughly two engineering contradictions and one physical
contradiction each. This proportion is fully in line with established claim-drafting practice.
Independent claims generally bundle two or three core technical features, and each feature is
defended by contrasting it with at least one unwanted side-effect (e.g., “higher stiffness versus added
mass” or “greater current versus excess heat”) so a pair of engineering contradictions emerges almost
by construction. A single physical contradiction then comes from the overarching requirement that a
central parameter (temperature, magnetic flux density, actuator clearance, etc.) must be
simultaneously high and low at different moments in the duty cycle. The torque-controlled
exoskeleton of US 10 391 634 B2, where high peak torque must coexist with minimal energy
consumption and low motor temperature, illustrates the pattern verbatim, confirming that the

observed 2:1 ratio reflects mainstream drafting conventions rather than any bias of the analyzer.

The quality metrics reinforce the impression of near-exhaustive coverage. On the expert-authored
benchmark (Set 1) the analyzer achieved a mean accuracy of 4.0 £ 0.7, while on the more diverse third-
party set it climbed to 4.4 + 0.5. The occasional one-point deduction invariably traced back to a missed
contradiction hidden in the context which would have required an even deeper understanding of the
patent matter to detect or to an overly narrow synonym mapping, e.g. linking “energy efficiency” to
power loss but overlooking battery weight. Genuinely complex, nested conflicts involving three or
more parameters remain challenging because they do not follow the “pairwise” engineering-

contradiction logic of TRIZ.

Crucially, no hallucinated contradictions appeared in any of the ten analyses, indicating that the rule-
bound prompt keeps the language model anchored to verifiable passages. Uniform performance
across materials science, robotics, electronics and marine propulsion, even in jargon-laden
specifications, underscores the domain-agnostic character of the pipeline. With a total turnaround of
about 70 s per patent, the analyzer is fast enough for live contradiction mapping in brainstorming
sessions, while the quoted source links furnish IP teams with an auditable trail for opposition briefs or

freedom-to-operate opinions.
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Implications for TRIZ practice and community

Beyond design-around uses, the analyzer strengthens everyday TRIZ practice across education,
portfolio insight, knowledge-base upkeep, ideation, and collaboration. By producing auditable,
machine-extracted contradictions, instructors can design exercises in which students validate, refine,
or challenge the outputs, shortening ramp-up time and building confidence in contradiction
formulation. The analyzer automates early ARIZ stages, problem modeling and the identification and
formulation of engineering and physical contradictions, by delivering parameter mappings and
contradiction formulations as structured inputs for subsequent steps and principle selection. At
portfolio scale, batch runs yield contradiction clusters that reveal persistent trade-offs, technology
trajectories, and white space, complementing conventional landscape analyses that emphasize topics
or IPC codes. Analyst feedback (new synonyms, parameter remaps, phrasing patterns) can fold back
into the synonyms listing to improve recall and precision without retraining the underlying model.
Because the contradictions are parameterized, they can be routed directly to contradiction matrices
and inventive-principle prompts for ideation as well as design-around strategies. Finally, quote-linked
contradiction tables serve as a shared artifact for TRIZ practitioners, R&D, and IP counsel, improving
traceability and speeding consensus in design reviews and invention harvests. Taken together, these
capabilities transform the analyzer from a single-patent aid into a practical backbone for TRIZ training,

portfolio understanding, cross-functional communication, and ARIZ facilitation.

Conclusion and Outlook

This study shows that a lightweight, engineered prompt for GPTs can recover a patent’s contradiction
structure at a level of reliability that previously required many hours of expert TRIZ analysis. Across
two evaluation sets, mean completeness scores were > 4.0 out of 5 with no hallucinated
contradictions, and typical runtime was about one minute per patent which is fast enough for live
workshops and early prior-art reviews. Together with quote-linked evidence and parameter mapping,
the approach turns unstructured prose into TRIZ-native artifacts that directly support contradiction

matrices, structured ideation, and ARIZ.

Looking ahead, three development axes stand out. Contradiction clustering across patent landscapes
would scale the analyzer from single documents to whole portfolios, revealing how specific trade-offs
have been resolved over time and exposing white-space opportunities where conflicts remain

unsolved. Solution-principle recommendation could feed the extracted contradictions straight into a
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relevant prompt for inventively solving those contradictions; the system could propose high quality
solutions for “patent circumvention” by solving the original problem or problems still associated with
the proposed solution in a more inventive way. Human-in-the-loop continuous learning can capture
every analyst correction, whether a new synonym, or a remapped parameter to expand domain

coverage without retraining the large-language model.

In parallel, practical deployment will benefit from large-scale automated processing of patent corpora,
efficient classification by contradictions, parameters, and inventive principles, and interfaces that
keep experts in the validation loop. Because the analyzer uses a commonly available LLM with openly
documented prompts and knowledge files, it remains transparent, auditable, and portable, which
makes it an attractive complement to closed, proprietary stacks. The trajectory is clear: by linking
unstructured IP language with structured problem-solving methodologies from TRIZ, the GPT-based
analyzer foreshadows a new generation of intelligent tools that will not only read patents but also

help teams reason their way to better solutions.
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Accurate problem definition is the starting point for solving complex technical problems, and it is a
very important step in applying the TRIZ (Theory of Inventive Problem Solving) methodology. This
study sought to empirically analyze the effect of prompt type on the problem redefinition capabilities
of generative Al (Generative Artificial Intelligence). To this end, two real-world technical problems
from industrial settings were selected, and the problem scenarios were presented using text prompts
and image prompts, respectively. The responses from GPT-40 were then compared and analyzed. The
analysis revealed that image prompts enabled a more precise recognition of complex structures such
as spatial layout, functional contradictions, and environmental constraints, and facilitated a more
detailed redefinition of the problem from various perspectives. In particular, image prompt-based
responses intuitively derived the interaction between functional purpose conflicts and physical
contradictions. This may influence the subsequent use of TRIZ tools and the establishment of the IFR
(Ideal Final Result). This study suggests the importance of image prompt design in the technical
problem definition stage from a TRIZ perspective and explores the new possibilities of image prompts

in generative Al-based problem solving.

Keywords: TRIZ, problem redefinition, technical problems, contradictions, generative Al, context,
image prompts
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Introduction

Research Motivation and Necessity

Recently, generative Al tools have been rapidly adopted in industrial, research, and educational
settings, and prompt design has emerged as a key factor in determining the accuracy, consistency,
and creativity of responses [1,2]. Traditionally, text-centric techniques such as Few-shot, Chain of
Thought (CoT), and Tree of Thoughts (ToT) have demonstrated meaningful results in various natural
language processing tasks by reinforcing linguistic patterns and logical reasoning[3,4,5]. However,
these techniques have revealed limitations in fully grasping the problem context in areas where
understanding visual and spatial information is essential, such as complex technical issues or system
problems within step-by-step processes [6]. For example, when describing equipment layout issues
arising during the design phase of a manufacturing process or the structural complexity of patent
drawings using text alone, the model fails to properly understand the overall structure of the problem,
leading to a significant decline in the accuracy and consistency of its responses[7]. Such limitations can
result in unintended outcomes during problem-solving processes if the problem definition is not
properly established when addressing complex technical issues. Text-based prompts alone have
limitations in effectively conveying the visual and spatial context of complex technical problems to Al
models. Therefore, it is necessary to explore methods of providing context by integrating images
(visual information) and text prompts for technical problem-solving, thereby supporting Al models in

comprehensively understanding problem structures and contexts.

Limitations of Existing Prompt Techniques

Few-shot techniques induce learning effects by presenting a small number of examples, but contextual
understanding rapidly declines as examples become more complex [3]. Chain-of-Thought (CoT)
techniques induce step-by-step reasoning to increase interpretability, but errors accumulate and
inefficiency occurs in long explanations [4]. The Tree of Thoughts (ToT) technique explores creative
solutions through multi-path search, but it has high computational costs and does not consider visual
relationship representation [5]. Existing techniques are all text-centric, and there are limitations in
intuitively conveying key elements and their interrelationships through images (visual information) at

the problem definition stage.
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Research Objectives and Research Questions

This paper proposes an Image Prompt (IP) technique that improves the model's understanding of
problem context by providing complex technical problems as prompts that combine images (visual

information) and text. Through this, we aim to answer the following research questions.

e Does Image Prompt (IP), which includes images (visual information), redefine complex

technical problems more specifically than traditional text prompts?

Theoretical Background

Overview of Generative Al and Prompts

Generative Al refers to technology that enables neural network-based models, such as large language
models (LLMs), to generate various forms of data, including text, images, and code[8]. These models
generate output based on input prompts [9]. Prompt design is a key factor in determining model
performance. The role of prompts is to provide the model with the context of the problem and guide
it toward the desired format, style, and logical flow. Various design principles, including information
structuring, directiveness, and rich examples, have been proposed to effectively convey the desired

output characteristics to users.

Key Prompt Techniques

Few-shot techniques encourage models to learn patterns by including a small number of input-output
examples in the prompt. However, performance varies significantly depending on the number and
diversity of examples, and there are limitations when it comes to complex logical reasoning [3]. Chain-
of-Thought (CoT) techniques encourage models to describe the flow of thought step by step. While it
shows performance improvements when solving complex step-by-step reasoning tasks, errors
accumulate as the prompt lengthens[4]. The Tree-of-Thoughts (ToT) technique is designed to explore
multiple reasoning paths in parallel and synthesize the results of each path. It is advantageous for
exploring creative solutions but incurs increased computational costs and does not consider visual

information[5].
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Fig. 1. Representative prompting techniques

As shown in Fig. 1, most major prompting techniques develop logic within text [10,11,12,13], which
limits their ability to solve complex technical problems that require visual representation of complex
structures and relationships and understanding of context. To address this gap, this paper explores
the potential of Image Prompt (IP), which combines images (visual information) and text as prompts

to facilitate the resolution of technical problems.

Image Prompt Technique

Generative Pre-trained Transformer (GPT) models have made a huge splash in the natural language
processing (NLP) industry with their super powerful language models. After that, GPT-2 models mostly
got better by using bigger data sets to learn stronger language models and adding more parameters
to the models. OpenAl built the GPT-3 model with 175 billion parameters to create a very powerful
language model that can understand and perform tasks with just a few demonstrations without fine-
tuning[3]. In 2023, GPT-4 builds on the advancements of previous versions to provide an even more
powerful and sophisticated model capable of handling increasingly complex tasks across a wider range
of fields. GPT-4 provides functionality similar to text-based input across various domains, including
documents containing text and images, diagrams, or screenshots[14]. Recent multimodal models like
GPT-40 can process not only text but also image, audio, and video inputs. This opens up the possibility
of leveraging images (visual information) in solving complex technical problems. Many companies are
effectively utilizing the TRIZ (Theory of Inventive Problem Solving) methodology to solve technical
problems. While traditional TRIZ includes a vast array of tools and principles, its complexity often limits

its practical application in real-world scenarios. This study aims to explore new possibilities for solving
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technical problems by integrating generative Al with the TRIZ methodology.

The rapid development of Generative Al is opening up new possibilities for solving complex technical
problems. In particular, large language models (LLMs) are being used to analyze and propose solutions
to complex engineering technical problems. However, most prompts are text-based, which limits their
effectiveness in technical problems that require structural or visual/spatial understanding [6]. In this
context, we propose the possibility of image prompts that combine images (visual information) and
text from the problem domain. Image prompts visualize the problem domain related to the problem
situation and combine it with the textual description of the technical problem to input into generative
Al models. This can transform the way problems are described to generative Al models into an intuitive
and mutually complementary manner. Image prompts utilize simple images that visually illustrate the
relationships between the core areas and functions where technical issues arise. By integrating images
(visual information) and text into prompts, we anticipate improved contextual understanding and

response quality during the inference process of complex technical issues.

Research Methodology

In previous studies, BERTSCORE proposed a novel text generation evaluation metric that leverages
token similarity of pre-trained BERT contextual embeddings [15,16]. To evaluate the multi-task
performance of language models, a large-scale multi-task test was conducted, including multiple-
choice items from 57 different fields (e.g., mathematics, history, law, etc.) [17,18]. Model performance
was quantitatively and qualitatively measured under the few-shot setting on modified human tests
(e.g., Bar Exam, GRE, SAT) and ZERO such as MMLU, HellaSwag, and TruthfulQA. Most prompt
performance evaluation metrics used methodologies that evaluated the accuracy of model outputs in
human feedback or classification tasks, such as whether they matched a predefined set of correct

answers.

This study examines the process of redefining complex technical problems from a TRIZ perspective to
determine whether generative Al can properly understand and define the problem. Considering the
exploratory nature of this study, two actual field cases where creative ideas were used to solve
technical problems were selected and utilized. Through conversational experiments, we aim to
explore the potential of image prompts to enhance contextual understanding and response quality in

the inference process of complex technical problems and to consider their potential value.
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The Importance of Diagramming from the TRIZ Perspective

Problem area diagramming is the process of diagramming the technical problems we want to solve.
First, write down the problem title and key problem phenomena. Next, write down what is involved
in the problem (parts, system elements, etc.) and draw the boundaries of the problem so that all the
objects (system elements) we will examine are included within those boundaries. In other words, after
drawing the parts or objects (system elements) involved in the problem, use arrows to represent their
functions and actions. This allows us to quickly grasp what is happening within the objects (system
elements) at a glance. We can rapidly analyze and understand how components interact and how
problems arise. Most technical issues stem from interactions between internal system elements. If
the scope of the system is not clearly defined, the analysis target becomes ambiguous, leading to
unintended analysis directions or solutions that deviate from the intended solution. For example, if a
company has a defect problem, it is necessary to determine whether the problem is due to incorrect
dimensions in the drawings, incorrect equipment programming, or incorrect work by the operator.
Existing text-based prompts ask vague questions such as, “There is a defect problem, but why did the
defect problem occur?” when dealing with complex technical issues. Such questions may lead the Al
model to fail to properly understand the context of the problem, resulting in solutions that are
inconsistent with reality. This is highly likely to result in a waste of time and resources. Defining the
problem domain involves redefining the problem in terms of the environment, time, and space in
which it occurs. Defining the problem domain clearly defines the problem and serves as the foundation
for effective analysis and creative solution derivation. The image prompts proposed in this paper are
advantageous in accurately understanding the problem situation through contextual connections
between various inputs, enabling generative Al models to redefine the root cause of the problem and
quickly propose diverse, creative solutions based on TRIZ. Accurate schematization (visualization) of
the problem domain plays a decisive role in determining the direction and optimal solution for solving

complex technical problems. Next, we will examine actual technical problem cases from companies.

Case Studies

Semiconductor Inspection Process Issues

The first research case problem situation is as follows. An SSD (solid-state drive) is a device that stores
information using semiconductors. Since semiconductors (SSDs) operate purely electronically without
mechanical moving parts, they greatly reduce the problems associated with mechanical hard disk
drives (HDDs), such as long search times, response times, mechanical delays, failure rates, and noise

[19]. In the SSD inspection process, there is an issue where the handler's gripper blocks the vision
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inspection area. This issue occurs when the gripper is holding the SSD, and the light from the
inspection equipment is blocked by the gripper, preventing proper vision inspection. As a result, it
becomes difficult to accurately inspect the quality or defects of the SSD, leading to difficulties in
detecting defects. The experimental conditions of this study involved inputting the same technical
problem into the generative Al model GPT-40 using two types of prompts—text and image—and

comparing and analyzing the generated responses.

Redefining Problems from a TRIZ Perspective

In TRIZ, problem redefinition means clearly distinguishing between the target (system
elements) to be solved and its external environment, and deciding where to focus the
analysis. In various problem-solving methodologies such as TRIZ, design thinking, and Six
Sigma, problem redefinition is considered a key step for creative solutions. Without proper
problem redefinition, it is difficult to arrive at an ideal solution.

In TRIZ, a technical problem is a functional contradiction arising from the interaction between system
elements, and the core of TRIZ is to identify and resolve this contradiction. TRIZ does not simply bring
in external ideas but analyzes the interactions between the elements that make up the system and
the resulting positive and negative functions to solve technical problems. Technical problems are not
simply issues of malfunction or poor performance in industrial settings, but rather the process of
answering complex and creative questions such as “How can we simultaneously satisfy conflicting
requirements?” This is the type of technical problem addressed by TRIZ. Technical problems involve
resolving contradictions, which includes interpreting complex causal relationships, understanding
structures, and creative redesign. In other words, to solve technical problems, it is most important to
go beyond asking, “How can this be fixed?” and clearly identify and model “Why did the problem

occur?

Prompt Design and Implementation

Figure 2 illustrates the engineering of a generative Al prompt, which involved designing a persona
pattern that acts as a TRIZ expert and a creative problem-solver from a TRIZ perspective, and using
TRIZ methodology in ChatGPT to redefine the problem from a contradiction (technical or physical)
perspective. Due to space limitations, this paper presents only edited excerpts from the ChatGPT

sessions used during the prompt design and implementation phases.

TRIZ solves problems by enhancing the ideal state of any system. When solving complex technical

problems, if the problem definition is not properly defined, the subsequent problem-solving process
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can escalate in an undesirable direction. Therefore, the evaluation criteria were established as follows:

Did the problem redefinition contribute to increasing ideality?

The objective basis of the evaluation criteria was confirmed through a comparative analysis of the
problem redefinition process. Based on previously solved technical problem cases, we reviewed
whether physical and technical contradictions were properly identified. We com-pared whether the
fundamental physical conditions of the problem were clearly identified, and whether the physical

layout, functional relationships, and spatial interference within the problem context were intuitively

grasped.
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Fig. 2. Case 1. Design, implementation, and evaluation of text prompts (left), design,
implementation, and evaluation of image prompts (right)

Comparing Problem Redefinitions

The text prompt-based response recognized the problem through the description, “When inspecting
an SSD, there is a structural conflict in which the mechanism that secures the SSD physically blocks the
inspection light, thereby impairing inspection accuracy.” This interpretation points out the
interference between the functions of ‘securing’ and “inspection” and focuses on the systemic
contradiction. Such statements are effective in roughly diagnosing structural causes and functional
interference, but they have limitations in clearly deriving the physical conditions that constitute the

essence of the problem.

On the other hand, the image prompt-based response analyzed that “a technical and physical

contradiction occurs in which the clamp, which must be used to securely fix the SSD, obstructs the
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inspection area, thereby interfering with accurate vision inspection.” This response goes beyond a
simple description of the “obstruction phenomenon” and concretizes the physical and functional
conflict where the conflicting requirements of stability and field of view must be satisfied
simultaneously. By redefining the problem as a “contradiction between functional requirements”
rather than a “simple structural obstruction,” it more clearly presents the essence of the problem and

its constraints necessary for deriving solutions.

This difference suggests that image prompts contribute to complementing elements that are easily
overlooked in text-based descriptions by enabling intuitive understanding of the physical layout,
functional relationships, and spatial interference of the problem situation through visual cues.
Therefore, in the process of redefining complex technical problems, image prompts enable a more
precise and substantive understanding and description of the problem structure, providing a more

practical foundation for subsequent contradiction analysis and the IFR (ideal final result).

Problems with measuring molten steel temperature

The problem that arises when measuring the temperature of molten steel optically is that the quartz
glass used as a protective barrier deteriorates or melts when exposed to high temperatures. This
occurs due to the extremely high temperature of molten steel (up to 1700°C or higher), which causes
the quartz glass to lose its protective function as it cannot withstand such heat. This raises concerns
about damage to temperature measurement equipment and a decrease in measurement accuracy.
As in Case 1, the experimental conditions of this study involved inputting the same technical issue into
the generative Al model GPT-40 using two types of prompts text prompts and image prompts and

comparing and analyzing the generated responses.
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Prompt Design and Implementation

Fig. 3, as in Case 1, designed a persona pattern that acts as a TRIZ expert and creative problem-solving
assistant for generative Al, and had ChatGPT redefine the problem from the perspective of

contradictions (technical or physical) using the TRIZ methodology.
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Fig. 3. Case 2. Design, implementation, and evaluation of text prompts (left), design,
implementation, and evaluation of image prompts (right)

Comparing Problem Redefinitions

The text prompt-based response explained the problem as follows: “Quartz glass is required to have
both optical transparency and heat resistance, and as a result, physical damage and performance
degradation occur in high-temperature exposure environments.” This conceptually categorizes the
conflict between the conflicting requirements of heat resistance and transparency as technical and
physical contradictions, thereby theoretically organizing the problem and securing a certain level of
conceptual validity. However, this analysis lacks explanations of specific conditions such as the
physical context or spatial arrangement of the conflicting functions, limiting its ability to derive the

substantive structure of the problem necessary for subsequent solution strategies.
On the other hand, the image prompt-based response clearly derived the coexistence of two
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conflicting requirements, namely, location for protection and isolation from heat, based on the
context that “a quartz protective wall is essential to protect the light sensor from high temperatures,
but this protective wall is damaged when exposed to the extreme temperatures of molten iron.” This
redefines the core of the problem as a structural conflict between the spatial arrangement of the
protective device and the working environment, rather than simply discussing the heat resistance
limits of the material. In other words, it demonstrates a significant improvement in the understanding
of the context of problem redefinition by expanding the problem from the limits of material

performance to a structure of mutual conflict between space, function, and environment.

This difference stems from the fact that the visual information provided by the image prompt enables
one to comprehensively understand and infer contextual elements such as the relative positions of
actual components, heat flow paths, and material exposure conditions, beyond mere conceptual
conflicts between functions. Consequently, image prompts allow for a more precise definition of the
problem as a complex intertwined structure of physical conditions, functional requirements, and
environmental constraints. This provides a more precise reference point for seeking the ideal final

result (IFR).

Results and Discussion

This study compared and analyzed how text-based prompts and image-based prompts induce
differences in the responses of generative Al during the process of redefining complex technical
problems. Two cases from actual industrial settings were selected for analysis. In the first case, the
SSD inspection problem, the text prompt-based response redefined the problem as “the device used
to secure the SSD blocks the inspection light, causing a structural conflict,” focusing on the
interference between the functions of securing and inspection. In contrast, the image prompt-based
response structured the same problem as a “conflict between conflicting functional requirements of
fixation and visibility,” leading to a TRIZ-based problem recognition that goes beyond a simple

description of the phenomenon to the conflict of purposes between functions.

A similar difference was observed in the second case, the high-temperature measurement problem.
The text prompt-based response summarized the conflict between the transparency and heat
resistance of quartz glass as a technical and physical contradiction. In contrast, the image prompt-
based response emphasized that the simultaneous fulfillment of spatial and environmental
requirements, such as “positioning for protection and isolation from heat,” was the fundamental
problem. This redefined the technical problem more clearly as a structural contradiction between

device placement and functional requirements, rather than limiting the cause of the problem to
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material characteristics.

TRIZ is a systematic methodology that structures problems into components such as functions,
resources, and contradictions, and derives innovative solutions based on these components. The
accuracy of understanding the problem's contradictory structure during the problem redefinition
stage determines the direction of subsequent resource analysis and contradiction resolution
strategies. In this study, image prompts went beyond simple visual information and contributed to a
more concrete analysis of complex contradictory structures by intuitively recognizing the spatial
layout, functional interactions, and environmental constraints of the problem situation. Specifically,
by more specifically and clearly identifying contradictions within functional interrelationships, the
study suggests that the applicability of problem-solving structures can be enhanced when applying
technical or physical contradictions or ideal solutions. The two cases in this study empirically
demonstrate that, compared to text prompts that merely address conceptual conflicts, image prompts
can enhance the depth and clarity of the problem redefinition stage by structuring the problem from
various perspectives within the spatial and physical context. These results suggest that text-based
problem presentations have limitations in adequately explaining complex technical problems, and
that image prompts can be utilized as a complementary tool. In particular, this study empirically
demonstrated that image-based problem presentation significantly contributes to accurate problem
recognition, an early stage in generative Al-based problem solving. This was especially true in technical
problem situations characterized by high technical system complexity and overlapping spatial

interference factors.

Conclusion

Accurate problem redefinition is the starting point for solving complex technical problems, and clearly
defining the problem situation has a decisive impact on the subsequent application of the TRIZ
methodology. This study compared the responses of generative Al using text prompts and image
prompts for the same technical problem, analyzing the differences in the specificity and clarity of
problem recognition depending on the prompt type. The analysis revealed that image prompts
redefine the problem in an integrated manner, encompassing not only simple functional conflicts but
also the spatial structure and environmental constraints of the problem, thereby fostering a deeper
and more practical understanding of the problem. This suggests that image prompts could serve as an
essential tool for enhancing the level of structuring in the specificity and clarity of problem redefinition
during the initial stages of TRIZ-based problem-solving using generative Al. Future research should
systematically analyze the impact of image prompts on the entire problem-solving process across a

wider range of industrial problems to expand the theoretical and practical foundations of multi-modal
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generative Al problem-solving methodologies. It is necessary to systematically verify the impact of

image prompt design on the entire problem-solving process from a TRIZ perspective through

guantitative indicators and experiments. This will establish a new paradigm for technology problem-

solving that integrates generative Al from a TRIZ perspective.
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From TRIZ to Property-Function Thinking:
Exploring the Benefits

Simon Dewulf*

*AULIVE, Patent Inspiration, Profun

Innovative problem-solving methods have evolved from classical frameworks like TRIZ (Theory of
Inventive Problem Solving) toward more flexible, Al-compatible approaches. TRIZ, developed by
Genrich Altshuller, is built on tools such as the 39 engineering parameters (system properties) and the
40 inventive principles for resolving contradictions, as well as heuristics like evolutionary trends of
technological systems [1]. In essence, TRIZ distilled patterns of invention from patents: it identified
common properties that inventors seek to improve (e.g. strength, weight, temperature) and provided
generic principles to overcome conflicts between two such properties [1]. While TRIZ has proven
powerful, it often frames problems in terms of contradictions — trade-offs where improving one

property worsens another — which are resolved one pair at a time.

This paper discusses the benefits of moving to a property-function language model, often termed
Profun (property—function model), which reconceptualizes the TRIZ toolkit in terms of properties and
functions expressed in natural language. In a Profun approach, properties are described as adjectives
and functions as verbs, forming a kind of “product DNA” that is ideal for text mining and collaboration
with Al language models [2][3]. We will explore how in this model TRIZ elements (principles,
parameters, trends) reduce to property variations, how focusing on property coexistence (instead of
binary contradictions) enables multi-dimensional design, and how Profun’s language-based
representation eases patent analysis and integration with large language models. Finally, we outline

the Profun methodology from capturing requirements to generating solution concepts.

Keywords: TRIZ, Property-Function model, Profun, Product DNA, Property variation, Function
mapping, Property coexistence, Multi-property design, Contradiction matrix, Trends of technical

systems
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TRIZ Knowledge in Terms of Properties and Functions

One of the key insights of the property-function model is that the knowledge encapsulated in TRIZ can
be unified and simplified by expressing it in terms of property variations. In TRIZ, the 39 engineering
parameters of Altshuller’s contradiction matrix are essentially 39 properties of a system that might be
improved or degraded (for example, weight, strength, flexibility, etc.) [1]. Similarly, the famous 40
inventive principles — which include ideas like “Segmentation,” “Porous,” “Flexibility,” etc. — can be
viewed as strategies to change a property of a system in a beneficial way. In fact, many TRIZ principles
correspond to adjusting properties (adding or removing an attribute, intensifying or diminishing a
quality, etc.). Principles, trend steps and heuristics can easily be brought back to property changes,

expressed in adjectives [4].

Furthermore, TRIZ posits a set of evolutionary trends of technical systems (also called lines of
evolution) which describe how designs typically evolve (for instance, increasing dynamism, increasing
coordination, or space segmentation). These too can be interpreted through the property lens. A trend
is essentially a sequence of property variations that a system may undergo over time. For example,
one classical TRIZ trend is the progression from a solid structure to a hollow, then to a porous, and
finally capillary structure — increasing porosity over time. This is clearly a series of variations in a
material’s structural property (from no internal space to increasing internal voids). Indeed, the
property-function approach recognizes TRIZ trend steps as “property variation on degree of

complexity (e.g. full = hollow = porous - capillary)” [5].

Some TRIZ trends, like dynamization, are combinations of property spectra, starting with increasing
flexibility (immobile, jointed, flexible), and then changing state (liquid, gas, field). By translating TRIZ
trends into property terms, they become easier to combine and analyze with other property changes.
This unification has a simplifying effect: instead of treating principles, parameters, and trends as
disparate tools, the Profun model treats them under one conceptual framework: varying properties

to fulfill functions.

From Contradictions to Coexistence: Embracing Multi-Property
Design

Classical TRIZ is heavily focused on resolving contradictions, typically between two properties at a
time. In a standard TRIZ analysis, one identifies a pair of conflicting requirements — for instance, a
product should be very strong (high strength) but also lightweight (low weight). These are cast as a

contradiction (“increasing strength tends to increase weight, which is undesirable”), and the
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contradiction matrix is consulted to find principles to overcome that specific two-parameter conflict.

While this approach is effective for many problems, real-world design challenges often involve more
than two key properties. Modern products may need to satisfy numerous attributes simultaneously
(for example, a next-generation material might need to be strong and light and flexible and

transparent, all at once). Framing this as multiple pairwise contradictions quickly becomes unwieldy.

The property-function language model promotes a mindset of coexistence rather than conflict.
Instead of saying “we have a contradiction between strength and weight,” we state the goal as: strong
and light. Firstly, it is easier to retrieve documents that claim to be strong and light, rather than strong
and ‘not heavy’ or ‘not flexible’. Secondly, this reframing enables searching for multi-dimensional
property combinations. Fiber composites, for example, can be strong, light, flexible and transparent

without compromise.

Practically, this approach enables a multi-dimensional search for solutions. The solution space includes
any concept that meets all criteria rather than those that merely navigate between two extremes. By
using the property-function language, we can systematically generate and evaluate ideas that
combine multiple advantageous properties, filtering them through functional requirements to surface

the most promising ideas [3].

A Language-Based Model: Leveraging Adjectives, Verbs, and Al

In Profun, problem statements are expressed in adjectives (properties) and verbs (functions). This has

two major benefits:

1. Text mining of patents and literature: By searching for adjective—verb patterns in patents, we
can directly find examples of solutions combining desired properties and functions. Research shows
that patterns like “adjective:* to verb:*” effectively reveal cross-industry property—function

relationships [4].

2. Integration with AlI/LLMs: Large language models have been trained on vast textual data,
including technical literature, making them well-suited to parse property—function queries and

propose solutions. Profun’s structure is “ideally suited for integration with large language models” [3].

Tools like Profun Al combine property—function logic with patent databases to identify existing
solutions and gaps [3]. The result is a process that is both data-driven and creativity-enhancing,

marrying human insight with machine-scale search and generation.
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The Profound Methodology: From Requirements to Solution Space

A typical Profun process (as shown in Fig. 1) includes:

Requirements capture — define the function (verb) and all desired properties (adjectives), values,

hypothesis, dream outcomes, space-time.

In-domain mapping — search existing solutions within the domain using property—function terms in

science and patents, identify early signals.
Product DNA formulation — abstract the essential property—function combination.

Out-of-domain mapping — search other fields for analogous property—function solutions through

patent analysis and science literature [3].

Property variation mapping — explore variations along property spectra, apply the property matrix

solver. [5].
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Fig 1. Schematic representation of the Profun method
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Conclusion

Transitioning from classical TRIZ to a property-function language model unifies principles, parameters,
and trends into a multi-dimensional, language-based framework. It allows innovators to consider
coexisting properties, mine patents more effectively, and integrate seamlessly with Al. By treating
innovation as an evolutionary search in property—function space, Profun supports faster, broader, and

more creative solution discovery than traditional TRIZ.
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TRIZ-Related Sites in Korea and
a Comparison of Problem-Solving Methods:
LLMs vs TRIZ

Min Gyu Lee (alex.mglee@gmail.com)
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Abstract

This paper covers two independent topics.

1. lintroduce a list of TRIZ-related websites in Korea, submitted as a chapter of the World TRIZ Site
Project led by Prof. Nakagawa.

2. This study compares problem-solving ideas generated using a newly emerging innovation tool—
Large Language Models (LLMs)—with those developed by the author, a TRIZ expert. Ideas for
improving a simple product, the selfie stick, were produced using ChatGPT and several TRIZ-based
GPTs. These were evaluated against ideas generated through the manual application of the
Unified Methodology of Systematic Innovation (UMSI), a methodology developed by the author
based on classical and modern TRIZ. The quality of ideas from each method is assessed, and their
respective characteristics, strengths, and limitations are compared. Based on this analysis, the
paper discusses the optimal roles that humans, LLMs, and TRIZ should play in the problem-solving
process.

Keywords: LLM, ChatGPT, GPT, TRIZ, UMSI

1 TRIZ-Related Sites in Korea

A catalogue of TRIZ-related sites in Korea was developed and published [1] in May 2024, as a chapter
of the World TRIZ Site Project (WTSP) started and lead by Prof. Toru Nakagawa. The list of relatively
important sites are shared here to facilitate access of people interested in TRIZ activities in South
Korea.

Since the 1990s, many Russian TRIZ experts and Korean professionals trained by them have been
active in Korea, achieving significant results, particularly in large corporations [2]. Sub- sequently, TRIZ
has also been widely taught and applied in small and medium-sized enterprises as well as universities.
Due to this vigorous activity, Korea has sometimes been referred to as the "second home of TRIZ." At
the request of Prof. Nakagawa, who emphasized the importance of documenting TRIZ-related
websites in Korea, this compilation was initiated.

However, most TRIZ projects conducted within companies are confidential, and large corpora- tions
typically conduct TRIZ training and project management only on their intranet. Further- more, many
first-generation TRIZ experts who were once very active no longer maintain their websites. As a result,
this list captures only a small portion of TRIZ activity in Korea.
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The exploration, revision, evaluation, and organization of the websites were carried out by a volunteer
team—including the author—with support from the Korean TRIZ Association (KTA), in collaboration
with Professor Nakagawa. In some cases, we also contacted key individuals associated with each
website to request information and brief descriptions. This list includes only those sites accessible as
of May 2024 and has been selected and evaluated according to the rules and criteria of the World TRIZ
Sites Project (WTSP). If there are any errors or omissions, please contact either the author or Professor
Nakagawa with corrections.

Table 1. Associations, Societies and Public Organizations

Code | Site name (and comment) Site URL Lang Comment Roles

KR- Korean TRIZ Association www.triz.or. kr K Develops & Trains | (b1) Dedicated asso-

01 (KTA) TRIZ ciations,

KR- Korea Society for Creativity www.kosca. net K Spring/Fall Con- (b2) Dedicated (aca-

02 and Application (KOSCA) ferences demic) societies,

KR- Korea Invention Promotion www.kipa.or g kr, Supports TanY (c2) National

04 Association (KIPA) en TRIZ/OPIS* projects organi- zations

KR- Idearo (National Open www.ipmar- Uses TRIZEx- perts | (c2) National
Innova- tion Platform & Idea | ket.or.kr/idea kr . .

05 organi- zations
Market by KIPA/KPO) ro/index.do

Table 2. Search engines & book sellers (Search results of papers & books on TRIZ in Korea)

ik Site name (and comment) Site URL Lang Search Re- Roles
Code sults by ’25.7
KR- Google Scholar (Search Scholar.google| en, 5760 papers | (5) Search Engine
06 TRIZ+Korea) .co.kr kr
KR- Research Information Service | \yww.riss.kr/in Kr 283 papers | (f5) Search Engine
07 System (Search TRIZ or E2|Z) | dex.do +123 thesis | (f3) Repository

- Kyobo Book Center (Search TRIZ -
KR Y ( www.kyobo kr 291 books | (f4) Book sellers,
08 or EE|X) book.co.kr

Table 3. Universities (Selected by cumulative number of papers on TRIZ by Oct. 2022, searched in
RISS, Research Information Service System, a major search engine and repository of Korean thesis
and academic journal papers)

= Site name (and comment) Site URL Lang B L
Code RISS until ‘22.10
KR-09 | Changwon National University changwon.ac.kr kr, en, cn >14
KR-10 | Jeju National University www.jejunu.ac.kr kr, en >19
KR-11 | Kookmin University www.kookmin.ac.kr kr, en, cn >15
KR-12 | Korea Univ. of Tech. & Education | www.koreatech.ac.kr kr, en >15
KR-13 | Tech University of Korea www.tukorea.ac.kr kr, en, cn >43

1 OPIS (Open Patent Intelligence Search) is a product or process innovation methodology using patent

information from other fields with similar functions, problems, or contradictions. It is primarily

grounded in FOS and other TRIZ techniques. Since 2013, the Korea Invention Promotion Association

(KIPA) has supported numerous SMEs through programs based on the OPIS methodology and TRIZ.
88



https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-01
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-01
http://www.triz.or.kr/
http://www.triz.or.kr/
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-02
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-02
http://www.kosca.net/
http://www.kosca.net/
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-04
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-04
http://www.kipa.org/
http://www.kipa.org/
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-05
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-05
http://www.ipmarket.or.kr/idearo/index.do
http://www.ipmarket.or.kr/idearo/index.do
http://www.ipmarket.or.kr/idearo/index.do
http://www.riss.kr/index.do
http://www.riss.kr/index.do
http://www.jejunu.ac.kr/
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-04
http://www.kookmin.ac.kr/
https://www.osaka-gu.ac.jp/php/nakagawa/TRIZ/eTRIZ/eWTSP/eWTSP-Outputs/eWTSP-D-Asia/eWTSP-Output-D-kr-Korea-240429.html#KR-05
http://www.koreatech.ac.kr/
http://www.tukorea.ac.kr/

Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Table 4. Consulting and Training Companies (Companies with active sites as of May 2024)

Site Code | Site name Site URL Lang
KR-15 Han D.O.T. Co., Ltd. www.thehandot.com kr
KR-16 QM&E Innovation www.gmeinno.com kr
KR-17 R&BD Partners www.rnbdp.com kr
KR-18 TRIZ Center trizcenter.co.kr kr,en
KR-19 TRIZ Q Creative Center blog.naver.comm/PostList.naver? kr
blogld=sh1080
KR-20 TRIZ Solver triz-solver.com ru
KR-21 Uni Innovation Lab Www.uniinno.com kr
KR-22 Zeon Consulting Inc. zeoncon.com kr
KR-23 Korea Standards Association | www.ksa.or.kr kr
KR-24 eTRIZ www.etriz.com kr

A Comparison of Problem-Solving Methods: LLMs vs TRIZ
1.1 Background

Today, it is widely recognized that innovation capability—or the ability to identify and solve
problems—is essential for the sustainable growth of individuals, companies, and organizations.
Over the past several decades, a variety of innovation and problem-solving methodologies have
been developed to enhance such capabilities. Among them, the methodologies based on classical
and modern TRIZ have proven to be some of the most powerful and effective tools, especially
within large corporations.

Meanwhile, with the emergence of ChatGPT in 2022, people have been astonished by the
capabilities of large language models (LLMs), and the use of LLM-based chatbots has rapidly
expanded across virtually every field. Generative Al, including LLMs, now performs intellectual
tasks that were previously thought to be difficult for computers—at an unmatched speed and
cost. In some domains, the quality of output has reached remarkably high levels. As a result,
professionals such as designers, programmers, and legal experts are increasingly experiencing
threats to job security, with some even seeing actual job reductions.

Problem-solving is no exception. When asked about technical or product issues—or ideas for new
product development—ChatGPT can immediately generate a wide range of ideas.

This raises several concerns among some people:

e  How will the demand for human innovation experts (internal or external) change?
e Do we still need to learn or teach people about innovation methods like TRIZ?

e  What should we, innovation experts do for a better future?
To explore these questions, | decided to compare the .
Phone —
responses generated by LLM tools with the ideas | had Holder #Phonc

(ctamp)
previously developed as a TRIZ expert. Since most
corporate projects are confidential and difficult to -
explain during a short presentation, | chose instead to G " ot
use a long-standing practice problem I've utilized over ’ h&m : o

the past decade: improving a simple product, a selfie

Fig 1. A Selfie Stick (SS) to improve
stick. & 4_)___p_,
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Methodology

Problem Statement Presented to LLMs

The following question was presented to the LLMs to generate innovative new product ideas for
a selfie stick:

"You are in a New Product Development Team of a Selfie Stick company. The market size of selfie
stick started to decline and the market share and revenue of your company started to decrease
also due to harsh competition. You have to develop a new, innovative model of selfie stick to
revive the selfie stick business of your company. It means that you have to improve the ideality of
the selfie stick considerably. To be more specific, many people don’t like or forget to carry selfie
sticks due to the following reasons:

1. They are inconvenient to carry due to their size, weight, and irregular shapes
2. Theyare seldom used because there is only one function (“selfie stick”) that is not very
often needed daily.

Generate good ideas for new better-selling selfie stick designs that solve mainly the above two
problems."

In a typical use case, an LLM chatbot may require multiple interactions—rephrasing or
refining the question until a satisfactory or more specific answer is obtained. However, in this
study, to fairly compare the outputs of different LLM-based chatbots under the same conditions,
we chose to provide a detailed and precise prompt from the beginning. This was done to ensure
that each chatbot could focus on the core areas for improvement, and the ideas generated in
response to this single prompt were then directly evaluated.

LLMs Used: ChatGPT 40 and TRIZ-Based GPTs

This study was conducted in August 2024, utilizing ChatGPT-40, which was the default model for
ChatGPT Plus at that time. Although this default model was replaced by ChatGPT-4.1 mini in late
April 2025, and the latter is claimed to be significantly improved, a comparative test conducted
in July 2025 using a repeated "selfie stick" task revealed no substantial difference in performance.
In addition to ChatGPT, several GPTs built by TRIZ experts were also consulted for comparison,
including: Strategic Problem Solving Consulting, Al-TRIZ Master, Root Cause Analysis v.1.3,
Systematic Idea Generation v.1, Systematic Problem Solving using CECA+, and Al-Practical TRIZ.
The last 2 GPTs are not shared to public as of July 2025. These GPTs are examples of Retrieval-
Augmented Generation (RAG) because they first retrieve information from documents (about
TRIZ methods) uploaded by the author before the LLM generates a response.

After the initial round of asking the single common question, additional questions were asked to
some LLM chatbots for discussion purpose only. For some of the good ideas, those additional
guestions were aimed to generate more detailed ideas or even images to realize the intention in
the ideas.

Method of Problem Solving used by the author: UMSI

The author originally solved this example approximately 7 to 10 years ago using the TDID
(Target-Directions-ldeas-Design) roadmap for problem-solving (Fig.2), included in UMSI
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(Unified Methodology for Systematic Innovation, Fig. 2), which the author developed based on
modern TRIZ approaches and his own project experiences.
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Fig. 1. Framework of Unified Methodology for Systematic Innovation (UMSI)

The most distinctive techniques within this methodology are Function Analysis Plus (FA+) [3] and
Cause-Effect Chain Analysis Plus (CECA+)[4]. These are practical enhancements of the traditional FA
and CECA methods, respectively. A key advantage of these methods is their ability to semi-
automatically generate a rather exhaustive set of high-level solution directions from the As-is FA+
diagram of the system's components and their interactions, or the As-is CECA+ diagram of the causal
relationships underlying a problem, according to well-defined rules originated from high-level
standard solutions and contradiction resolving methods. See Fig. 4 for a To-Be CECA+ Diagram with
the semi-automatically generated solving directions A~H and ideas along each of them.

Fig. 2. Framework of the Unified Methodology for Systematic Innovation (UMSI)
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Fig. 3. The Problem-Solving Roadmap “TDID” in UMSI Methodology

In the 'ldeas' stage, detailed ideas are generated along (or guided by) 1 or more solving directions
by searching and matching the best resources (esp. Substance and field resources) which have
the needed properties to realize the solving directions and are as cheap and easy as possible to
incorporate into the solution. To maximize efficiency of this ideation process, the guided search
is first done directly in the current problem situation, then in adjacent or other fields with similar
fuctions, disadvantages or contradictions, and finally, the guided search is done using TRIZ's
solving methods using invention patterns (inventive principles) and trends of engineering system
evolution(TESE). Many methods of TRIZ are desolved and rearraged throughout the TDID
roadmap to maximize the ideality or economy of problem solving process.
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Although only high-level summary of TDID methodolgy can be described as above in this study, more
detailed methods and useful tools exist which are usually taught in a few days of training or coaching
of innovation projects.

The steps with green borders are stages where the solvers often have to spend the largest amount of
time for search, digest, analysis and summary of information. Although LLM chatbots have not been
used when the author manually solved the selfie stick problem several years ago, these steps with
green borders are the steps where the LLM chatbots can be used most successfully in these days.

These techniques have been improved and verified through extensive application in hundreds of real
innovation consulting projects over more than a decade. Unlike the method of asking the LLM
chatbots to generate ideas with a single prompt (Method A~J) which takes only a few minutes
including time for writing the prompts and reading the results, the manual problem- solving process
using TRIZ (Method M) usually takes at least hours to search and analyze information, and generate
and verify ideas and designs.

Fig. 4. To-Be CECA+ (Cause Effect Chain Analysis Plus) Diag., where the mother and child
clouds are the solving directions (semi-automatically generated from several rules) and the
ideas.
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1.1.2 Method of Idea Evaluation and Comparison between ideation methods

Since the evaluation of the 131 ideas from 9 methods (ChatGPT, 7 TRIZ-based GPTs and Manual
solving by a TRIZ expert) has to be done only by the author, the evaluation and comparison
method were carefully designed.

1. The initial evaluation of the generated ideas was conducted using a five-point scale
with 0.5 point intervals based on the following criteria:
1 (Implausible idea) — 2 (Plausible but not new idea) — 3 (Moderately good ideas)
— 4 (Very good idea) — 5 (Excellent idea)
2. The differences of the initial scores between the ideation methods were statistically
tested using the nonparametric test called Mood’s Median Test [5].
3. Among the generated ideas, representative and promising solutions were selected for
further evaluation using the Benchmarking Analysis Plus method. In this method, each
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solution’s Benefits and Sacrifices were assessed in terms of the estimated monetary
value that an average customer in the target market would perceive [6]. The ratio of
Benefits to Sacrifices (i.e., Benefits/Sacrifices) was defined and calculated as the
measure of ldeality, which served as the basis for comparative analysis.

4. Finally some of the ideas will be shown to the audience so that the audience themselves
can feel the differences in the level of the ideas between ideation methods if any.

Result
1.13 Ideation Results and their 1st Evaluation

Individual Value Plot of

score

A B D G | J M

Individual standard deviations are used to calculate

Fig. 5. Individual Value Plot of Scores by Ideation Method (4: very good, 3 moderately good)

Fig. 5 shows the individual value plots of the 1° evaluation scores by ideation methods. The
connected blue dots are the mean values, and the intervals are their 95% confidence intervals.

The ideas from method M (manual TRIZ application by a TRIZ expert) received the highest score.
The ideas from all the LLM chat bots were mostly similarly distributed between 2~3.5. Although
the difference between groups may not be statistically significant, the lowest average score came
from method A (ChatGPT 40), the highest came from method | (the GPT named Root Cause
Analysis v.1.3) and from method D (the GPT named AI-TRIZ Master).
| emphasize again that this is not a comprehensive evaluation of the ChatGPT or TRIZ-based GPTs. It is
evaluation results of a single answer on new product ideas from a single prompt.

Table 5. Titles of the Ideas Generated and the 1st Evaluation Scores (1(implausible)~5(excellent
idea))
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13.2.

Statistical Test of the scores from the 1st Evaluation

Since the data is not normally distributed, a non-parametric test named Mood’s Median Test was

used. See Fig. 6 for the result.

94



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Descriptive Statistics

method Median N <= Overall Median N > Overall Median Q3 - Q1  95% Median CI

A 25 4 0.750 2, 3.9
B 3.0 3 0 (2, 3)
D 3.0 8 0250 (2.61395, 3}
G 30 15 3 0.500 (2.5, 3)
| 3.0 12 5 0.500 (3, 3.48799)
J 3.0 11 2 0.750 (2.34232, 3)
M 4.0 1 9 0.125 (4, 4.17117)
Overall 3.0
Levels witt & observations have confidence < 95
Test
Null hypothesis Ho: The population medians are all equal
Alternative hypothesis H,: The population medians are not all equa
DF Chi-Square P-Value
6 2386 0.001

Fig. 6. Result of Mood’s Median Test of the 1 Evaluation Scores across the ideation methods

Since the p-value is much less than 0.05, we can say that there is at least one group whose
median is significantly different from the other groups. If we remove the group M, and redo
the test, the p-value becomes 0.097>0.05. This means that it is only the group M (from manual
application of TRIZ by a TRIZ expert) which has a statistically different median from all the other
groups. The amount of difference in the median is a separate aspect and can be shown by
comparing the 95% confidence interval of the median of the group M (4.0~4.2, very good
ideas) with that of all the other groups (3.0~3.0, moderately good ideas). It is possible that the
difference between LLM methods become statistically significant in a future research if the
number or quality of evaluation data is improved.

1.33.  Qualitative comparison of the Ideas from different ideation methods

The biggest limit of this study is that there was only one evaluator, the author and that he is
the author of the ideas for the group M, manual application of TRIZ. This was inevitable
because this study was not intended as an academic paper but was originated from the
author’s personal interest and no one was available who can evaluate all the 131 ideas
maintaining the same evaluation criteria as the author.

To alleviate this limit a little bit, the contents of selected ideas will be shared during the
presentation during the conference, to help the audience have the opportunity to do the
qualitative evaluation themselves. Due to lack of space, the contents of those ideas will be
shown in this paper.

1.3.4.  More detailed Evaluation of the ideas in the form of Benchmarking Analysis Plus

7 best ideas were chosen and reevaluated more carefully using the author’s benchmarking plus
table incorporating the Ideality formula. Each colums representing a kind of benefit or sacrifice
(the amount of the negative value from a harmful function or generalized costs) were given an
estimated relative value from the view point of the potential user of the selfie stick
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Table 6. A benchmarking analysis on some competing products & ideas with scores on a linear
scale, For existing products(in the row 1~3), the MPV scores are evaluated in 0~10 scale but for
new ideas, being evaluated in proportion to their real benefits & sacrifices, the scores are not
limited in this range.

Benchmarking Analysis
in the Selfie Stick (SS) Market
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The Ideality = Benefit+Sacrifice of the existing products #1,2,3 in the market is 111~117%
meaning that average customer can buy the product because the ideality > 100% or the benefit
is larger than the sacrifice. The ideality values for the ideas #i1~i7 is between 125%~412%,
meaning that the ideas has a possibility to be more competitive in the market than existing
products. Later, real products resembling I3 and 17, were released independently.

Discussion

Although the author tried to evaluate the ideas carefully and without prejudice, this study still has the
limit of having only one evaluator, who is the author of the ideas of Group M. The author recommends
other people to do similar study themselves using their old TRIZ projects. In addition to the above,
mostly quantitative results, the following characteristics of LLM- based method of problem solving
were observed during this study:

e Among the initial responses by LLMs, almost none were rated as Score 1(implausible).

e However, many ideas included features that already exist in current or competing products,
resulting in a significant number of responses rated as Score 2 (plausible but not new).

e Most of the generated ideas fell within the 2 to 3 score range, offering fairly common concepts
in the area or in other areas.

e LLMs tend to produce ideas freely, often without regard to feasibility, cost, or resource
constraints. Their responses often consist of generic, superficially appealing solutions.
Introducing guidance related to resource utilization, ideality, and efficiency can improve
output quality.
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e Due to their high speed and low cost, LLMs can be used to generate multiple rounds of ideas
rapidly. By filtering out only the more promising ideas (Score 3 and above), they can still serve
as useful references.

e |t tends to remain abstract, and when asked to concretize ideas, it often produces inaccurate
or nonsensical content.

e Structural invention is a notable weakness. ChatGPT performs especially poorly when it comes
to visualizing or designing product structures. Even with detailed instructions, the images it
generates are often completely unrelated or impractical.

Below are aspects observed when trying to use LLM with TRIZ concepts and methods:

e Prompting LLMs to respond in table format is often effective. They can even generate
benchmarking analysis tables, though it is important to emphasize accurate scoring.

e Forcing LLMs to generate ideas along directions guided from TRIZ tools—such as inventive
principles, available resources, root causes, & contradictions—can often lead to better ideas.

e The presence of such framework of ideation makes the role of TRIZ techniques more tangible
and helps facilitate additional idea generation. In this sense, TRIZ-based GPTs (or RAG,
Retrieval-Augmented Generation) can be particularly useful.

e ChatGPT does not seem to be good at “out-of-the-box”, i.e. thinking beyond the scope of the
original task. We could guided ChatGPT toward out-of-box thinking with prompts that
mention higher-level or upstream objectives.

e Idea generation based on root causes is still limited. While diagrams such as CECA (Cause-
Effect Chain Analysis) can be drawn through code, ChatGPT still is not good at generating
logical and systematic causal chains.

Conclusion
How can we better leverage LLMs and TRIZ to enhance our problem-solving capabilities?

e  Everyone knows that LLMs are tremendously helpful for gathering information and for
understanding and processing that information. However, when directly asked to generate
problem-solving ideas, LLMs typically are limited to producing ideas rated only between 2 (not
new) or 3 (moderately good ideas).

e If TRIZ techniques are embedded—such as through TRIZ-based GPTs—LLMs occasionally
generate more creative or innovative ideas (around 3.5 to 4 in score).

e In actual innovation projects, LLMs are more frequently used to solve curiosities of the user in
understanding the technical system, the market, the problems and causes, rather than simply
asking it to generate ideas. It is not uncommon for a problem solver to have over 100 pages of
dialogue with an LLM in a single day.

. Ultimately, it is still the human expert who structures the problem, identifies root causes, and
leads the problem-solving process. Human intervention is needed to apply innovation
methodologies such as TRIZ, ask the right sequence of questions, and manage the flow of
information toward generation of the best solutions.

e The ideas that LLMs can generate become more creative and innovative when the user asks the
ideation not in the beginning but after the analysis stage where the user can ask LLM to generate
ideas "along the promising solving directions" which were generated using the analytic part of
the TRIZ methodology.
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e While generative Al can understand the geometric structure of the technical systems via images,
it remains extremely limited in its ability to generate new structures or drawing the structural
solutions into an image. Even when given detailed instructions, the visual outputs often does not
align at all with the intended design. For innovation tasks involving complex structural analysis
capabilities, it’s better not to expect any help from LLMs

My answer to the concerns raised by some people, as mentioned in Section 2.1, is as follows: About
the demand change, the number of human innovation experts needed per project could decrease. A
team with smaller number of human innovators could handle a project with a scope with similar 'size'
of the scope. But since the number of innovation project may increase, we can not say that the total
demand will decrease. Maybe we should generate demand for ourselves as entrepreneurs. About the
need for innovation methodology like TRIZ, | think the answer differs between two groups of methods
— the analysis methods providing the big frame or branches of thought for innovation vs. the solving
methods which is helpful in finding the ideas using memorized patterns and checklists, in the latter
part of the project.

More accurately speaking, | think the need for teaching and learning the solving methods and easily
automatable tasks will decrease because it can be taught and used more efficiently by LLM chatbots.
Certain tasks—such as performing draft benchmarking analysis, generating draft list of causes,
generating deeper causes and ideas along the directions guided by humans, and conducting
preliminary idea evaluation—can be partially handled by LLMs. As a result, less detailed instruction
may be needed when teaching these aspects to human learners.

But the need and importance of teaching and learning the methods for making big branches of analysis
and decisions will increase more than ever, because, ultimately, it is still humans who initiate the
project, guide directions, check results, make all the big decisions, execute and take responsibilities.
Tasks such as cause-effect chain analysis, functional analysis, deriving solution directions, selecting
and validating the optimal solution, and designing the structural details of the solution still require
human expertise, until foreseeable near future.
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A FEW STORIES ABOUT ChatGPT AND TRIZ
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Pentacomp Systemy Informatyczne S.A., Warsaw, Poland

During the ITC-2023 conference, one of the participants admitted that it was apparently sufficient to
include the "using TRIZ tools" phrase in the ChatGPT prompt to obtain reasonable results. On the other
hand, after a presentation reporting a successful application of Al to solve a real-life problem,
delivered during the TFC 2024 conference, a renowned TRIZ expert who is also a plastic chemistry
professional commented that a plastic mixture recommended by Al cannot be produced in reality
because the specified ingredients do not mix. These contrasting snapshots of appealing ease of use,
combined with failed attempts to approach real cases, seem to illustrate mixed Al perception in the

TRIZ world.

This paper refers to several examples of using ChatGPT in TRIZ-related ad-hoc queries to illustrate
differences between information, knowledge and wisdom. The intended outcome is to build a better
understanding of dos and don'ts when working with Large Language Models and justify some best

practices and regulatory requirements regarding the application of Al tools.

Keywords: TRIZ, ChatGPT, Inventive Principles, Standard Parameters, Semantic Similarity, Al Act.
Introduction

Early Knowledge Management glossaries distinguished data, information and knowledge [1]. Let us
consider a sample data item being a typed sequence of characters "11.10" and assume that we are
sure these are digits (though discerning digit "1" from lowercase letter "L" and digit "0" from
uppercase letter "O" may be challenging if the font style is unknown). Even if we give up binary, octal,
and hexadecimal formats with fractional parts, this sequence may still represent a decimal number,
date or time. Once we know it is a date specified in the American month-before-day manner, we may
interpret it as denoting 10t November. Hence, data in a specific format becomes information, and if
we also know the context determining its meaning (e.g., it is a wedding day), information turns into

knowledge.
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Large Language Models (LLMs) available today span all three levels. If you ask ChatGPT, "what time is
it now?" it will respond that it depends on your time zone (unless revealed earlier). Likewise, asking
"at what side of the road should | drive my car?", you will receive an explanation that it depends on
the country, with examples of countries obeying right-side and left-side driving (unless the target
country was revealed during the session). Furthermore, the knowledge of the models reflects complex
contexts and may be updated on demand. If you ask ChatGPT, "what is the best car to buy in Europe
for EUR 40000?" it will respond that it depends on your priorities (e.g., reliability, driving dynamics,
comfort, electric, hybrid, etc.), check the sources, and present some options with synthetic

recommendations.

With time, another level has been added to the mentioned hierarchy, so that nowadays it reads as
data, information, knowledge, wisdom. The latter is built upon the experience and refers to knowledge
application abilities. A quick example (quoted after my TRIZ trainer) illustrates the difference: "A
consultant knows the rules. A good consultant knows when to break the rules"”. Several cases presented
below suggest that ChatGPT has not reached the wisdom level yet, while others indicate deficiencies

at the knowledge (if not the information) level.

TRIZ is about analysing problem situations and generating innovative (and often patentable) solutions
in a systematic way, which corresponds with the highest level of Niemierko's ABCD taxonomy of
educational objectives. It originally refers to knowledge and skills areas, as presented in [2], and the
terminology in the below enumeration was adjusted to emphasize connotations between the

taxonomy and Knowledge Management concepts:

A. Remembering the learned material (corresponds to the information level),

B. Understanding the learned material (corresponds to the knowledge level),

C. Applying knowledge in typical problem situations (corresponds to the knowledge level),

D. Applying knowledge in unfamiliar problem situations (corresponds to the wisdom level).

When | asked during a conference about the certification level required to become a productive TRIZ
consultant, the answer from a principal engineer of a renowned company providing such services
worldwide was that usually Level 3 (L3) marks the threshold. Aggregated MATRIZ and MATRIZ Official
data show around 30.000 L1 specialists, 10.000 of whom were also awarded L2 certificates and about

2.000 from this group continued with L3 certification.

The focus of this work is to apply the supposed approach of the L1-L3 certified specialists, the current
TRIZ trainees, and the unknown population of TRIZ enthusiasts. Therefore, | started the research using
free ChatGPT access and then switched to a ChatGPT Plus account to overcome the nasty daily
processing limits.
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Dealing with TRIZ basics

The good news is that ChatGPT has already acquired sufficient information about TRIZ terminology,
methods and tools to provide a correct list of Inventive Principles with examples, or Standard
Parameters or Contradiction Matrix. Such results demonstrate the reproduction of information and
the observation of relations between entities, which may look like understanding the concepts. On
top of this, ChatGPT may support Function Analysis or Cause-Effect Analysis of simple technical
systems out of the box, without setting up preconfigured models or using sophisticated structured
prompts. As long as the system itself was adequately represented in the training data corpus, the
model should respond appropriately. Such operations may look like applying the tools, likely causing

a loud WOW! even for the free ChatGPT account.

For instance, the prompt "using TRIZ tools perform function analysis for a technical system being a pen
with a USB memory and laser pointer; provide system and super system component list and interaction
matrix in a tabular form" resulted in generating component lists and interaction matrix, accompanied
by comprehensible explanations. While the components have been identified reasonably, many
interactions appeared questionable. For instance, the ink cartridge was indicated in addition to the

pen tip as interacting with paper.

The follow-up prompt was "expand the above analysis with a function table indicating function
carriers, function objects and names of the functions indicating performed operations", and it resulted
in listing 33 functions of 21 generic types, such as control, hold, guide, etc. Although it was unclear in
some descriptions if a particular action changes or maintains a specific parameter of the function
object (e.g., paper provides surface to ink cartridge), and some were inconsistent with the declared

function objects, most descriptions conformed to the requirements.

The prompt "using TRIZ tools perform cause-effect analysis to identify possible root causes of
decreased measurement scope of a laser range meter" also generated a comprehensible analysis,

comprising a deduced problem definition and the list of cause-effect pairs.
The analysis was concluded with a reasonable set of fault scenarios with possible root causes:

1. Laser Diode Degradation: Continuous operation or poor-quality diode can reduce the laser's
effectiveness over time.

2. Battery Power Issues: Aging or inadequate charging of the battery reduces the available power
for the laser, lowering its intensity.

3. Optical Component Degradation: Scratches, dirt, or aging of the lens and other optical

components can reduce the clarity and intensity of the laser beam.
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4. Environmental Factors: High ambient light, dust, fog, or reflective surfaces can interfere with
the laser's ability to measure long distances accurately.

5. Misalignment of Optical Components: Misalignment due to mechanical shock or wear over
time can reduce the effectiveness of the laser range meter.

6. Sensor Malfunction: Degradation or poor calibration of the sensor can lead to inaccurate

measurements and reduced range.

| tried to enrich the model by identifying logical operators and the structure of dependencies: "arrange
the causes and effects identified in the analysis in a graph showing their causal relations and indicating
if the inputs triggering particular effects are combined with logical AND/OR operators". ChatGPT
responded by drawing a graphical model and explaining: The logical operators (AND/OR) were not
explicitly applied in this diagram, but they can be interpreted where multiple causes contribute to a
single effect. For instance, when several causes lead to "Reduced Laser Beam Intensity," it can be seen
as a logical OR—any one of these causes could independently lead to the effect. If they had to happen

together to produce the effect, that would be an AND relationship.

Indicating AND/OR operators in a causal model is as important as identifying subsequent causes of the
unwanted effects, so the generated results cannot be considered correct or complete. Nevertheless,
they were technically sound (in general) and were produced in seconds from a two-line prompt barely
indicating device purpose, while a hypothetical L3 user would probably need hours to come up with

similar outcomes.

Generating a TRIZ publication

In early 2024, | prompted free ChatGPT to generate a one-page introduction to TRIZ with some
literature references, as in a conference paper. The response was generated immediately, and it was
outstanding at first glance. Soon it became clear, however, that 2 of 6 literature references cannot be

found on the Internet with reasonable effort, so they were presumably hallucinated.

| repeated this experiment 18 months later using the commercial ChatGPT account and obtained very
similar outcomes: pretty nice and correct content with suspicious references. This time, 1 of 7 sources
appeared to be a miss, though in a more subtle way: the indicated person existed and actually
coauthored papers published within the indicated conference proceedings, but the title was

apparently hallucinated.

When prompted to provide more information regarding that reference, ChatGPT presented a credible
paper summary, comprising an overview, key contributions and key takeaway sections, but when |

asked about specific pages to locate the paper in the proceedings, it responded that:
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There's no clear evidence the paper "TRIZ: combined with other tools" exists under that exact title.
It's likely a mis-citation or paraphrasing of the works above. | recommend using the validated sources

for academic reference.

Supporting a TRIZ project

Some time ago, | worked on a drone heating solution described in [3] and decided to substantiate the
idea using Al-supported simulation. The conversation with free ChatGPT regarding specific materials
and parameters developed nicely, but the charm disappeared immediately when getting to the
heating and cooling simulation. Reasonable results had been achieved after switching to a commercial
account and going through some 90 iterations, with the conversation log filling 80 pages and repeated

ChatGPT excuses similar to the following:

You're absolutely right! Each simulation should start at its respective ambient temperature.
You're absolutely right, the plot starting at 0°C should indicate heating as well.

You're correct that the plots should not all saturate at 0°C.

Thank you for your patience and for pointing out the inconsistency.

You're absolutely right again, and | appreciate your patience.

Thank you for pointing out these issues. | understand that the current plots are still incorrect.
Thank you for your insightful feedback, and | appreciate your patience.

You're absolutely right again, and | apologize for the confusion.

You're absolutely right—temperature changes should not occur so quickly.

I sincerely apologize for the continuous issues and incorrect results.

You're absolutely right—reducing the heat exchange area should affect the cooling rate.
You're absolutely right—the cooling phase should be slower with a smaller heat exchange area.

Then, after a few weeks, | needed to adjust the final plots for direct use in the patent application and

got an unexpected response:

It seems the code environment has been reset, which cleared all previous data and configurations. To
proceed with regenerating the plots in grayscale and with Polish descriptions, | would need the relevant

datasets or a clear description of the data structure for the 20 plots generated in October.

| tried to prompt the model anew, re-entering the setup description with parameterization and

providing the previously generated code, but with no success. It was not even able to recreate the
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original diagrams, and after over 110 iterations and a conversation log filling over 160 pages, | gave

up, which ChatGPT concluded in a professional consultant tone:

I understand your frustration, and | deeply regret that this process hasn't yielded the reliable results
you were expecting. Despite the effort, achieving consistency has been a challenge due to the

complexity of the dynamics involved.

All'in all, I had converted the required plots manually.

Mapping TRIZ terms

One of the basic techniques of classical TRIZ is solving Technical Contradictions by approaching the
problem model extracted from the initial problem situation with a list of Inventive Principles found in
a particular cell of the Contradiction Matrix. One of the challenges inherent to this method is to map
specific parameters used in the contradiction onto the Standard Parameters indexing the matrix.
Wrong mapping would result in selecting another matrix cell, indicating other (perhaps useless)
principles. Such a scenario affects the most spectacular benefit of this method, i.e., selecting principles

reflecting the best candidate solutions to a given problem.

Firstly, it seems that the significance of such automated selection of principles is overestimated during
L1-L3 training. It should be kept in mind that the matrix provides statistically justified heuristic
recommendations, with no guarantee of applicability. Therefore, the volume of possible benefits in

real projects usually justifies looking for inspiration in all 40 principles.

Secondly, mapping domain-specific parameters to Standard Parameters is a typical step in research
activities aiming to use the TRIZ approach and tools in non-technical areas, such as biology or
medicine. Some works also consider a similar mapping of domain-specific solutions to Inventive
Principles, which is easily doable with LLMs using semantic similarity [4]. Long story short, all items
are converted into multidimensional vectors (called embeddings) derived from large datasets to
represent semantic differences and similarity is calculated as the cosine of the angle between
directions determined by two vectors (dubbed cosine similarity). The claimed fitness of embedding

representation is often illustrated with the following example:
Vector(“king”) — Vector(“man”) + Vector(“woman”) = Vector(“queen”,

Cosine similarity ranges from +1 (identical meaning) to -1 (opposite meaning). The value of 0 indicates
unrelated terms, and results equal to or greater than 0,75 are considered significant similarity. Finally,
for each item from the reference dataset, the item from the other set with the highest similarity is

indicated as its counterpart in the mapping.
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Semantic similarity is widely accepted in the Natural Language Processing (NLP) research area, but
attempts to use this concept in the TRIZ area brought surprising (if not terrifying) outcomes. | started
with the prompt "using semantic similarity find closest matches between 39 Standard Parameters as
defined in TRIZ and 39 most popular physical parameters”, and the results turned the first red lights

on.

While the Temperature and Power were correctly mapped onto Temperature and Power, with

similarity indicated as 1, many other mappings seemed weird, for instance:

Weight of moving object Length 0,793
Weight of stationary object Period 0,785
Length of moving object Mass 0,775
Length of stationary object Mass 0,777
Area of moving object Length 0,778
Area of stationary object Length 0,795
Speed Area 0,781
Ease of repair Temperature 0,800

Despite high similarity scores, these mappings appear incorrect, as the relations between terms
related to specific physical properties are mismatched. The first two examples indicate that Weight
has been mapped to Length and Period, which seems not only wrong but also inconsistent. Moreover,
this is a narrowing transformation as only 21 terms appeared in the counter-domain, and the three

most frequently used terms jointly covered 10 Standard Parameters.

| used analogical prompts to ask ChatGPT about closest matches in several other domains. In all cases,
all similarity scores exceeded the 0,75 threshold and selected characteristics of the generated results
are presented below. On top of this, while the answers from free ChatGPT covered all Standard
Parameters, Productivity was missing in all tables exported by ChatGPT Plus to Excel files, despite

explicitly requiring 39 parameters in the prompts.

Target dataset (terms) The three most dominating terms (joint coverage)
Physical parameters (21)  Luminosity, Period, Mass (10)

Chemical parameters (21) Enthalpy of formation, Equilibrium constant, Density (10)

Business parameters (20)  Innovation rate, Earnings per share, Market share (12)
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IT-related parameters (25) Elasticity, Data integrity, Code coverage (7)
Medical parameters (17) Red blood cell count, Folate level, Oxygen saturation (17)
Biological properties (15)  Chromosome stability, Respiratory efficiency, Mutation rate (22)

The same approach was applied to the Inventive Principles, starting with physical actions again: "using
semantic similarity find closest matches between 40 Inventive Principles as defined in TRIZ and 40 most
popular physical effects". In this case, the results were yet more disappointing, since Phase transition
and Thermal expansion, directly naming specific physical effects, were unexpectedly mapped to

Coulomb's law, both with the similarity score reaching 0,797.

The mapping experiments covering the same set of counter-domains as for Standard Parameters have

been performed for Inventive Principles, and the results are briefly summarized below.

Target dataset (terms) The three most dominating terms (joint coverage)

Physical effects (15) Boyle's law, Hall effect, Coulomb's law (19)

Chemical reactions (19) Esterification, Combustion, Fermentation (14)

Business principles (23) Disruptive innovation, Employee empowerment, Core competencies (12)

IT-related principles (23) Continuous deployment, Multithreading, Abstraction (10)
Medical procedures (15) Laser eye surgery, Coronary artery bypass, Spinal fusion (21)
Biological phenomena (19) Excretion, Fermentation, Predation (14)

Again, in all cases, all similarity scores exceeded the significance threshold and, again, some misses
among the Inventive Principles were encountered. Free ChatGPT was deterministically overlooking
Composite materials, keeping the balance of 40 items apparently correct by listing Dispose and recover
and Cheap short-living objects as separate principles. ChatGPT Plus performed even worse, since it
repeatedly presented the Inventive Principles with duplicated Composite materials entry, but without

an Inert atmosphere.

The mapping experiments were conducted in plenty of variants covering countries, animals, trees,
names, months, zodiac signs, martial arts, prime numbers, and so on. The similarity scores below 0,75
only appeared for 10 of 39 parameters mapped to one-bit binary numbers (0 or 1) and 32 of 39
parameters mapped to the counter-domain containing just the m (pi) constant. These outcomes
indicate that some boundaries of the "significant similarity" do exist, but the location of these

boundaries is questionable, at best.
Another round of experiments used prompts extended to obtain justification of the specific mappings,
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e.g., "using semantic similarity find closest matches between 40 Inventive Principles as defined in TRIZ
and 40 most popular business principles or approaches with feature-based explanations; present top
10results on screen as a table and export the full table to excel file". Examples of results that resonated
with common sense or intuition (the first group) and those that clearly looked weird (the second
group) are given below. The explanations were phrased like 'Taking out' aligns with 'Outsourcing’' due
to shared semantic focus on contracting external services, and the non-specific fragments have been

removed from the examples for clarity.

Taking out - Outsourcing - contracting external services.

Local quality - Horizontal integration - acquiring similar businesses.

Asymmetry - Core competencies - unique strengths of firm.

Phase transition - Kaizen - small incremental improvements.

Flexible shells and thin films - Open innovation - using external and internal ideas.

Dispose and recover - Employee empowerment - giving employees decision-making authority.
Thermal expansion - Disruptive innovation - new market-creating innovations.

Counterweight - Customer focus - due to prioritising customer needs.

Periodic action - Vertical integration - controlling supply chain stages.

Homogeneity - Differentiation strategy - offering unique value.

Clustering TRIZ terms

Clustering or grouping is another typical data mining operation that LLMs may support. It involves
identifying subsets in the dataset by combining the closest neighbours selected using a similarity
metric. Prompting both ChatGPT models with queries containing the phrase "using semantic similarity,
find clusters among 39 Standard Parameters as defined in TRIZ" resulted in a few variants showing
significant differences. While identifying five clusters was apparently a default, the majority of the
items typically landed in one cluster, four others contained one or two items each, and in some cases,
a few items were missing. The most reasonable outcome is presented below with some abbreviations
to save the page space (note that allocation of Stability of composition, Strength, Illumination intensity,

Quantity of substance and Productivity has not been indicated).

1. Physical Dimensions: ¢ Weight of moving object ® Weight of stationary object
¢ Length of moving object ¢ Length of stationary object ¢ Area of moving object

¢ Area of stationary object ¢ Volume of moving object ® Volume of stationary object ¢ Shape.
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Justification: All relate to measurable, physical geometry and size of objects.

2. Energy, Power & Motion: e Speed ¢ Force (intensity) ® Stress or pressure
¢ Energy spent by moving object ® Energy spent by stationary object ® Power ® Temperature.

Justification: These involve physical energy or forces acting on or by the system.

3. Time & Process Performance: ¢ Duration of action of moving object
¢ Duration of stationary object ¢ Loss of time ¢ Productivity.

Justification: Centered on time, efficiency, and performance over time.

4. Loss, Reliability, and Environmental Impact: ¢ Loss of energy ¢ Loss of substance

¢ Loss of information e Reliability ® Harmful factors from environment

¢ Harmful factors generated by an object.

Justification: Deals with inefficiencies, system degradation, and reliability under environmental

conditions.

5. Usability & Precision: ¢ Ease of manufacture ¢ Ease of operation e Ease of repair

* Adaptability or versatility ¢ Measurement accuracy ® Manufacturing precision

o Difficulty of detecting and measuring ¢ Extent of automation e Device complexity
Justification: These are abstract or system-level concerns focused on usability, quality,

and precision.

Attempts to reveal clusters among 40 Inventive Principles using analogical prompts referring to
semantic similarity and conceptual justification yielded even worse results, and 5 or 6 clusters
generated in particular iterations differed significantly. Moreover, the justification provided by
ChatGPT was not convincing, as exemplified in the summary given below. Note that references to
Dynamicity, Periodic action, Segmentation, Universality, Inversion, Skipping, Feedback, Copying,
Parameter changes and Merging in cluster descriptions are inconsistent with the actual allocation of

the respective principles.

1. Segmentation and extraction principles — dividing systems into functional parts:
e Local quality » Nested doll  Beforehand cushioning  Equipotentiality ¢ Dynamicity

e Periodic action ® Porous materials « Homogeneity.

2. Parameter change and material transformation — physical and chemical adaptations:
e Segmentation e Universality e Inversion ® Another dimension e Skipping ¢ Feedback
o Self-service ® Replacement of mechanical system e Flexible shells and thin films

e Discarding and recovering parts.

3. Dynamic, dimensional, and inversion — design flexibility and spatial manipulation:
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e Taking out ® Anti-weight * Partial or excessive action ® Continuity of useful action

» Dispose and recover ® Phase transitions ® Inert atmosphere.

4. Universalisation and merging — multi-functionality and system integration:
e Asymmetry e Spheroidality — curvature * Blessing in disguise ® Mediator ® Copying

e Parameter changes * Accelerated oxidation.

5. Feedback, periodic action, mechanical vibration — operational control and stability

improvements: ® Mechanical vibration ® Pneumatics and hydraulics ¢ Composite materials.

6. Replacement and copying — substituting functions, materials, or structures to achieve
innovative solutions: ® Merging e Preliminary anti-action e Preliminary action

e Color changes ® Thermal expansion.

Summary

The ease of interaction, ability to quickly adjust or refine queries in a convenient, conversation-like
style, and embedded knowledge about the subject domain are undoubtedly the bright side of using
ChatGPT in the TRIZ-related contexts. The free model version freezes for some 24 hours after draining
the daily processing limit, so that any demanding or time-bound activities call for a ChatGPT Plus or
Pro account, assuring more processing power and an extended set of tools. On the other hand, the
provided examples illustrated a few significant drawbacks, which may heavily affect the credibility and

usability of the results generated using ChatGPT.

It is about data. We used to say: "garbage in, garbage out" in the IT industry, meaning that irrelevant,
incorrect or incomplete input is unlikely to be transformed into valuable results. We usually do not
know which sources and data were used to train the models and what biases, omissions or errors they
incurred. Even worse, the outcomes generated with Al tools recirculate through social media and

other channels and are used to train LLMs again.

It is about prompts. Paraphrasing an adage: "be careful what you ask for", since the prompts are the
main and very often the only way of expressing your wishes. The more generic the prompt, the less
constrained the processing on the LLM side, and the smaller the chances that repeating the same
query will bring the same results. To alleviate this uncertainty, several prompt engineering techniques

have been proposed to instruct LLM in a more precise way [5].

It is about approximation. Artificial Neural Network (ANN) is often described as a universal
approximator, which corresponds with the ability of such networks to "learn" specific reactions from

examples when no explicit decision rules are given. If input data matches a particular pattern
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embedded in the ANN closely enough, it may be assigned the exact answer. Otherwise, the answer is
interpolated or selected among the nearest candidates. Some interpolations are doable but unusable
(e.g., a shoe interpolated between left and right foot shape), and for some, even the feasibility of the

operation is questionable (e.g., interpolating between "yes" and "no"

It is about mathematics. The operation of the Al models is built upon mathematical algorithms with a
vast number of parameters. Previous sections presented examples regarding cosine similarity
between the embeddings. Despite the wide method acceptance, the attempts to use it for
interdomain mapping and intradomain clustering of fundamental TRIZ terms produced questionable

results, and the justifications generated by ChatGPT mainly appeared incorrect.

There are always some results. This aspect is a real curse, especially if the user has insufficient subject
matter expertise (which is pretty typical for TRIZ projects). Among the four quadrants of the Rumsfeld
Matrix, the most dangerous are unknown unknowns, i.e., factors we are unaware of and cannot
predict [6]. For instance, if you do not know that some specific parameters or items should be

addressed in the LLM's answer, how can you notice their absence?

You do not know what was hallucinated. Would you hire and pay a consultant whom you cannot trust?
If your perception is that you can have consultant-equivalent functionality for free (or almost free),
the next question will be: Do you find it money-efficient to use Al models generating answers in

seconds and then struggle for hours or days to verify these answers?

You cannot regenerate or compare the results. Well, at least not always, and not easily. Such a
situation results from many factors, like indeterministic model operation, differences between model
architectures, parameterization and training data, model evolution, acquiring new data, etc. That is
why research papers usually report the experimental results averaged over a pool of iterations or post-

processed using statistical methods.

Your customers may ask about or constrain Al use. The ICE acronym was expanded as "Internet
Changes Everything" over the decades. Today, ubiquitous Al-boosted applications change our
personal and professional lives, so ACE seems to be the tag of the 21 century. Similar to GDPR
governing the privacy domain, the EU published the Al Act addressing the requirements,

recommendations, and issues related to Artificial Intelligence [7].

Your employer may ask about or constrain Al use. In addition to social and legal perspectives, Al also
changes business and industrial landscapes, so that respective bodies reacted by developing
standardization publications regarding management systems [8-9], the IT domain [10-21] and some

particularly vulnerable markets, such as medical equipment [22].
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Conclusions

ChatGPT is an excellent tool for generic, loosely-restricted document processing, such as creating
compilations, overviews, summaries, abstracts, etc. The narrowing nature of such operations perfectly
resonates with the approximation foundations of the LLMs. However, the more specialized the task
becomes, the higher the chances that the results' scope, correctness, completeness or integrity will

not meet the user's expectations.

The presented examples revealed some human-like ChatGPT characteristics that we usually do not
appreciate: it gives different answers to the same question, it gives incomplete or incorrect answers,
it forgets what was said before, and it confabulates from time to time without a sign. Who and how

may therefore benefit from using ChatGPT to support TRIZ-related tasks?

Firstly, idea generation seems a natural area to use LLMs, and appropriate prompting may help
transform unrestricted brainstorming into directed TRIZ-style ideation. Secondly, LLMs may be used
in training and education to practice applying the TRIZ methods and tools on relatively simple
examples, preferably with the backup of an instructor or a competent colleague reviewing the
outcomes, explaining possible doubts, and correcting the errors. Finally, the search and text
processing capabilities may be to some extent applicable in real projects, especially for researching
new application domains in terms of key technologies, known development barriers, research

directions and the like.

The bottom line is the OpenAl disclaimer: ChatGPT can make mistakes. Check important info.

References

1. Zins, C. "Conceptual approaches for defining data, information, and knowledge", Journal of
the American Society for Information Science and Technology 58(4):479-493, February 2007,
http://dx.doi.org/10.1002/asi.20508

2. Mases, S., Maennel, O., Sttterlin, S. (2021). "Using Competency Mapping for Skills
Assessment in an Introductory Cybersecurity Course. Educating Engineers for Future
Industrial Revolutions". ICL 2020. Advances in Intelligent Systems and Computing, vol 1329.
Springer, Cham, https://doi.org/10.1007/978-3-030-68201-9_56

3. Chrzaszcz, J. "Drone heating system — a case study". Proceedings of the International TRIZ
Conference ITC-2025, Jeju Island, South Korea.

4. Mikolov, T., et al. (2013). "Efficient Estimation of Word Representations in Vector Space".
arXiv preprint arXiv:1301.3781, https://arxiv.org/abs/1301.3781

5. OpenAl Cookbook — Prompt Engineering, https://platform.openai.com/docs/guides/prompt-
engineering

6. Southekal, P. "Applying The Rumsfeld Matrix To Formulate Data And Analytics Business
Cases". Forbes Technology Council, Feb 07, 2024,
112



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

https://www.forbes.com/councils/forbestechcouncil/2024/02/07/applying-the-rumsfeld-
matrix-to-formulate-data-and-analytics-business-cases/

Al Act. https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=0J:L_202401689

ISO/IEC 22989:2022 Information technology — Artificial intelligence — Artificial intelligence
concepts and terminology, https://www.iso.org/standard/74296.html

ISO/IEC 42001:2023 Information technology — Artificial intelligence — Management system,
https://www.iso.org/standard/81230.html

ISO/IEC TS 4213:2022 Information technology — Artificial intelligence — Assessment of
machine learning classification performance, https://www.iso.org/standard/79799.htmi

ISO/IEC 5259:2024 Artificial intelligence — Data quality for analytics and machine learning
(ML) Part 1: Overview, terminology, and examples,
https://www.iso.org/standard/81088.html

ISO/IEC 5259:2024 — Part 2: Data quality measures,
https://www.iso.org/standard/81860.html

ISO/IEC 5259:2024 — Part 3: Data quality management requirements and guidelines,
https://www.iso.org/standard/81092.html

ISO/IEC 5259:2024 — Part 4: Data quality process framework,
https://www.iso.org/standard/81093.html

ISO/IEC 5259:2024 — Part 5: Data quality governance framework,
https://www.iso.org/standard/84150.html

ISO/IEC 5338:2023 Information technology — Artificial intelligence — Al system life cycle
process, https://www.iso.org/standard/81118.html

ISO/IEC 23053:2022 Framework for Artificial Intelligence (Al) Systems Using Machine
Learning (ML), https://www.iso.org/standard/74438.html

ISO/IEC 23894:2023 Information technology — Artificial intelligence — Guidance on risk
management, https://www.iso.org/standard/77304.html|

ISO/IEC TR 24027:2021 Information technology — Artificial intelligence (Al) — Bias in Al
systems and Al aided decision making, https://www.iso.org/standard/77607.html|

ISO/IEC TR 24029-1:2021 Artificial Intelligence (Al) — Assessment of the robustness of neural
networks — Part 1: Overview, https://www.iso.org/standard/77609.html|

ISO/IEC TR 24368:2022 Information technology — Artificial intelligence — Overview of ethical
and societal concerns, https://www.iso.org/standard/78507.html|

BS/AAMI 34971:2023 Application of ISO 14971 to machine learning in artificial intelligence.
Guide, https://knowledge.bsigroup.com/products/application-of-iso-14971-to-machine-
learning-in-artificial-intelligence-guide

[ all online sources accessed on July 10, 2025 ]

113


https://www.iso.org/standard/74296.html
https://www.iso.org/standard/81230.html
https://www.iso.org/standard/79799.html
https://www.iso.org/standard/81088.html
https://www.iso.org/standard/81860.html
https://www.iso.org/standard/81092.html
https://www.iso.org/standard/81093.html
https://www.iso.org/standard/84150.html
https://www.iso.org/standard/81118.html
https://www.iso.org/standard/74438.html
https://www.iso.org/standard/77304.html
https://www.iso.org/standard/77607.html
https://www.iso.org/standard/77609.html
https://www.iso.org/standard/78507.html

Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Development and Case Study of a TRIZ-Based
Chatbot for Investing in Growth Companies

Ho Jong Kim

TRIZ Consulting and Training Representative, Kimstriz, Korea

This study presents a practical application of an Al-based chatbot built on TRIZ methodology for
investment analysis in emerging technology companies. In particular, it focuses on developing a
strategic approach to determine logical buy and sell points by structurally analyzing the time gap
between a company's technological advancement and its market performance, using the S-curve
model from TRIZ's theory of technological evolution. While traditional investment analysis heavily
relies on financial statements, valuation metrics, and market sentiment—both quantitative and
qualitative—this research shifts the analytical paradigm to the technological trajectory of the
company itself. By quantifying and structurally modeling a company’s technological capabilities over
time, the chatbot enables precise identification of the inflection point where innovation begins to
translate into market value. The study demonstrates that TRIZ tools can be effectively applied to
investment decision-making and that S-curve-based analysis offers a practical and data-driven
framework for evaluating early-stage technology companies. Through the Al chatbot, repeated and
structured analyses become feasible, and complex technological developments can be intuitively
visualized—allowing investors of various levels to access advanced insights with ease. Ultimately, this
research offers a pioneering case of applying TRIZ as a creative and analytical tool for technology-
based stock investment, and it suggests the potential for broader application in evaluating emerging

industries and companies as part of an innovative investment strategy.

Keywords: TRIZ, Generative Al, GPT-40, Contradiction , Chatbot, Technology Evolution S-Curve, Stock

Investment, Quantum Computer, SMR: Small Modular Reactor

Introduction: Background and Purpose

Investment in technology-driven growth companies faces limitations when relying solely on traditional

methods such as financial statement analysis or market sentiment. Particularly in the early stages of
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a tech company, tangible performance is often not yet visible, making it difficult to accurately assess
the company’s growth potential through conventional valuation models alone [1,2,3]. As a result,
conventional investment strategies that focus only on short-term earnings and market expectations
tend to overlook the core value of technology firms—their technological capabilities—and their long-

term growth trajectory.

Furthermore, many traditional investment decisions are influenced by vague forecasts and herd
mentality, lacking scientific and structured analysis. To overcome these limitations, this study adopts
the TRIZ theory of technological evolution and its S-curve model to quantitatively and structurally
analyze the growth patterns of technology companies [4,5]. Based on these evolutionary trajectories,
we propose a new analytical framework that enables logical identification of optimal buy and sell

points.

By analyzing the time gap between technological advancement and market performance, the
framework allows investors to identify the "inflection point"—when a technology begins to gain full
market recognition—as the ideal time to buy. Conversely, when a technology approaches saturation
or enters the diffusion stage, it can serve as a signal to sell or strategically reassess the investment. To
implement this approach, we developed an interactive analysis method using the GPT-based Al
chatbot, Al-Practical TRIZ [6,7,8]. This chatbot collects key information such as a company’s
technological capabilities, technical goals, policy advantages, market demand, and available resources
through natural dialogue, and visualizes these factors along the TRIZ S-curve. The Al chatbot enables
consistent, repeatable analyses and allows even qualitative data to be transformed into structured
insights [6]. The researcher applied this methodology to actual investments, achieving high returns
through long-term investments in companies such as lonQ, a quantum computing firm, and NuScale
Power, a small modular reactor (SMR) technology company. Therefore, this study empirically
demonstrates the potential of combining TRIZ theory and Al chatbot technology to form a practical
and predictive investment strategy for technology-based stock investing. It offers a paradigm shift

away from emotion-driven approaches toward a more rational and structured method.

Development and Training of the TRIZ-Based Al Chatbot

TRIZ Knowledge Base Integrated into the Chatbot

The resources uploaded to the Al-Practical TRIZ chatbot encompass a wide range of core TRIZ
methodologies, including technological evolution, function analysis, contradiction analysis, and
resource analysis—all of which can be directly applied to stock investment. In particular, technological

evolution analysis, using the S-curve model, allows for a structural understanding of a company’s
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technology growth stage and the timing at which it begins to translate into market performance.
Function analysis visualizes the core functions of a technological system and the structure of profit
generation, helping investors clearly understand that profit growth is the fundamental driver of stock
price appreciation. Contradiction analysis identifies conflicts such as high performance vs. low cost, or
advanced technology vs. delayed market adoption, making it possible to anticipate potential
investment risks. Resource analysis organizes a company’s internal assets, external policies, and
market demand into a structured set of growth-enabling factors. All these analyses are automated
through interactive chatbot dialogues, enabling investors to evaluate a company’s technological
capabilities and growth potential in a quantifiable and systematic manner [6].The chatbot understands
user-input questions or problem situations by structuring them through prompt design. The prompts
are designed to follow the TRIZ methodology (technological evolution, function analysis, substance-
field analysis, resource analysis, etc.), guiding the flow from problem definition and analysis to
contradiction identification and solution generation. The data it processes are based on uploaded TRIZ
textbooks, case studies, patents, and over 200 real-world experiences in solving technical problems.
Using this foundation, the chatbot interprets problem situations and proposes solutions by linking
them with appropriate TRIZ principles and scientific effects. In other words, it functions not as a simple
Q&A system but as an intelligent analytical tool that embeds TRIZ-based problem-solving procedures.
It is currently being used in practice at leading semiconductor company research labs in Korea and is
actively utilized through links at more than 1,000 organizations, thereby demonstrating its

effectiveness and practical value.

Fundamental Mechanism of the Stock Market Analyzed Through the
Chatbot

Figure 1 illustrates the primary functional relationship between a company and its stock, visualized
using the TRIZ-based function analysis methodology [7,8]. A company produces products (Product
function), and the future performance and profit generated by these products directly influence the
stock price. Stocks are issued by the company (Issuance) and circulated in the market, and over the
long term, their prices rise or fall depending on the competitiveness and performance of the products.
This diagram clearly reveals the structural flow in which technology and business performance

determine stock price.
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a Company and Its Stock

TRIZ function analysis systematically interprets the functions and interactions(Causal relationship)
between elements, enabling logical prediction of when a company’s technological achievements will
be reflected in the market. By understanding the time gap between technological development and
market realization, investors can strategically determine optimal entry (buy) and exit (sell) points. In
the case of NVIDIA, for instance, technological advancement drove performance, which in turn led to
long-term stock price growth—a clear example of this structural flow. This type of analysis prioritizes
structural causes over short-term price fluctuations and can serve as a core tool for long-term
investment. The TRIZ-based functional approach allows for the quantification of future value in
technology-centered companies and supports the development of predictive, strategy-driven

investment decisions.

Figure 2 presents a detailed functional diagram of the interactions among the company, stock,
investor, industry, and external information, based on TRIZ function analysis [8]. A company is
influenced by the growth or decline of downstream industries and produces products accordingly. The
performance and sales of these products directly affect the stock price over the long term. The
company issues stocks (Issuance), which are then traded (Trade) in the market by investors. Investors
respond to external stimuli—such as news, technological trends, interest rates, exchange rates, and
geopolitical or economic information—by making buy or sell decisions. These psychology-driven
decisions cause short-term stock price fluctuations. Thus, daily stock price charts often reflect short-
term minor volatility driven by market sentiment, which is interpreted in functional terms as a
psychological response activated by external stimuli. In contrast, the performance and revenue of the
products produced by the company accumulate over time and are eventually reflected in the market

as intrinsic value, significantly influencing the long-term trend of the stock price.
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Through this analysis, the concept of "long-term high volatility driven by performance", observed in
the 10-Year Value Stock Chart and 10-Year Growth Stock Chart, is interpreted as a resultant function
caused by fundamental and structural value appreciation. By applying TRIZ function analysis, one can
structurally understand the time lag between a company’s technology or product development and
its reflection in the stock price. In particular, the point at which technology transforms into measurable
performance and is recognized by the market corresponds to the “inflection point” in TRIZ’s theory of
technological evolution. This point can be identified as the optimal buying zone for long-term
investment. Such an approach enables investors to avoid being swayed by short-term market
reactions and instead establish a rational, long-term investment strategy based on the company’s core

functional trajectory.

A TRIZ-based chatbot predicts a company’s future by positioning its technology on the S-curve
according to TRIZ evolution patterns, estimating revenue growth through resource analysis and
market adoption rates, and linking these to stock price movements in order to suggest buy—sell zones
rather than specific points. Recent studies show that artificial intelligence (Al) has been actively
applied in the fields of finance and investment. In particular, machine learning and deep learning
models are widely used for stock price prediction, asset management, and investment strategy design
[9-16]. Furthermore, in financial services, conversational Al such as chatbots has been introduced for
investment advisory and enhancing customer experience. Both academic research and industry
reports present numerous cases demonstrating the effectiveness of Al-based financial analysis and
advisory services. In other words, the application of Al in finance has already been well verified
through a variety of cases and empirical studies. However, there appear to be almost no cases where
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a TRIZ-based chatbot, with proven practicality in solving technical problems, has been applied to stock

investment in emerging technology companies.

TRIZ Methodologies Useful for Investment Analysis

The following four representative TRIZ methodologies [7] are essential for analyzing investments in
emerging technology companies. Each methodology enables a structured understanding of the

company’s technological status and supports logical and evidence-based investment decision-making.

2.3.1 Trends of Engineering System Evolution(Laws of Technological

Evolution and S-Curve Analysis)

Technological evolution is one of the core pillars of TRIZ, based on the concept that technology
progresses according to predictable laws and patterns. In particular, the S-curve is a useful tool for
visualizing the maturity stages of technology, typically divided into introduction, growth, maturity, and
decline phases. By analyzing which stage a company's technology is currently in, investors can logically
determine optimal entry and exit points. The early phase of the S-curve indicates a buying zone, while
the peak or post-peak phase suggests a selling point or a time to reassess the holding strategy. Unlike
methods that rely solely on market reactions, this approach is grounded in the actual progression of
technology, making it especially effective for long-term investment strategies. The more technology-

oriented a company is, the more critical and accurate this analysis becomes.

2.3.2 Function Analysis (Analysis of Functional Flows(Causal flow) in the

System)

TRIZ function analysis is a methodology that decomposes the interactions among elements within a
system into discrete "functions," identifying both beneficial and harmful functions in a structured way.
In the context of a corporate system, the core functional flow(Causal flow) follows the sequence:
Technology - Product - Performance - Stock Price. This pathway illustrates how a company's value
is ultimately reflected in the market. For instance, even with strong technological capabilities, if they
do not lead to viable products or fail to generate market performance, a rise in stock price is unlikely.
Function analysis identifies breaks, excesses, or deficiencies in this functional chain and proposes
strategies to address them. Rather than focusing on short-term fluctuations, this approach helps
evaluate structural growth, making it an extremely useful framework for understanding the essence

of long-term corporate growth.
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2.3.3 Contradiction Identification and Analysis (Extracting the Essence of

the Problem)

In TRIZ, it is assumed that contradictions inevitably arise during the evolution of any technological
system. A contradiction refers to a situation in which improving one aspect of a system leads to the
deterioration of another. Resolving such contradictions is considered the key to innovation. Acommon
example is when enhancing product performance results in increased cost or production delays. From
an investment perspective, a typical contradiction can be seen in early-stage companies that possess
strong technology but have yet to achieve profitability. In such cases, identifying whether the root
cause is a technical limitation, lack of resources, or absence of market demand allows for a more
accurate investment judgment. TRIZ provides structured tools to diagram these contradictions and
suggest directions for resolution. For investors, this offers a logical basis for answering the question:

"Why should | pay attention to this company right now?"

2.3.4 Resource Analysis (Identifying All Available Elements for Utilization)

In TRIZ, the concept of resources encompasses all "available elements" within and around the system
that can be utilized for problem-solving. These resources are typically categorized into physical
resources (facilities, equipment), time resources (development periods), informational resources
(patents, technical documents), energy resources (power, manpower), and spatial resources. In
investment analysis, a company’s technologies, patents, workforce, client base, and benefits from
government policies are also considered valuable resources. The more resources a company
possesses, the greater its capacity to overcome challenges; conversely, a lack of resources often
signifies higher risk. Even if a growth-stage company does not yet show tangible results, its strong
resource base can indicate high future scalability, making it a promising investment target. Resource
analysis enhances the investor’s ability to foresee long-term potential. These four TRIZ
methodologies—technological evolution, function analysis, contradiction analysis, and resource
analysis—offer a powerful framework for evaluating complex technology companies beyond financial
metrics. They enable structured, essential insights that help investors assess long-term growth

potential with greater clarity.
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Analysis of Growth Companies Using an Al Chatbot: Case Studies

This section introduces a novel methodology for analyzing technology-driven growth companies using
the GPT-based Al chatbot Al-Practical TRIZ. The chatbot interactively organizes key aspects of a
company—such as technological capabilities, policy advantages, market demand, and available
resources—and visualizes them along the TRIZ theory of technological evolution and the S-curve
model. Through this process, investors can identify the technology’s inflection point and logically
determine optimal entry (buy) and exit (sell) strategies. The effectiveness and profitability of this
approach are demonstrated through real-world case studies of lonQ and NuScale Power, both early-
stage technology firms with strong long-term growth potential. This chapter illustrates how the

integration of Al and TRIZ can serve as a practical and insightful tool for investment analysis.

Case Study: lonQ

lonQ is the world’s first publicly listed quantum computing company, specializing in trapped-ion
guantum computing technology [9]. With exceptional qubit connectivity and high operational fidelity,
lonQ holds a leading position in the hardware competition for quantum computers. The company is
advancing the commercialization potential of quantum computing through collaborations with major
cloud platforms such as Amazon, Google, and Microsoft. According to TRIZ-based technological
evolution analysis, lonQ remains in the early growth phase, with significant technological
breakthroughs expected over the coming years. These characteristics position lonQ as a strategic
technology firm well-suited for long-term investment. Figure 3 presents a visualized technology
roadmap of lonQ [9], which is highly applicable to TRIZ S-curve analysis. The roadmap illustrates the
company’s technological progression based on the increase in algorithmic qubit count and is

structured into three distinct phases (Phase | to lll) spanning from 2022 to 2028.
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Fig. 3. Technology Roadmap of lonQ

lonQ has consistently outperformed its annual technological milestones, progressing ahead of
schedule, a key characteristic of the company. Notably, a sharp increase in qubit count is expected
after 2026, indicating the beginning of an exponential growth phase on the S-curve. Each year’s
objectives go beyond incremental performance improvements, extending into application domains
such as machine learning, materials science, optimization, and chemistry. This suggests that lonQ’s

technology is transitioning from an experimental stage toward genuine market realization.

Figure 4 presents an integrated analysis combining lonQ’s technology roadmap, the TRIZ technological
S-curve, stock price volatility, and optimal investment timing. The increase in qubit count serves as an
indicator of technological maturity, and the timeline is visualized by dividing it into key stages:
introduction, growth, and maturity. The optimal buying zone is identified between 2023 and 2025—
just before the "inflection point" when technology begins to translate into revenue—marking the most

efficient window for long-term investment.
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Fig. 4. TRIZ S-Curve Analysis of lonQ's Technology Roadmap

During this period, the technology begins to demonstrate validation, while the stock remains
undervalued—offering a valuable early entry opportunity. In contrast, the selling zone is projected
around 2026-2027, when the technology becomes more advanced and the company shifts into
profitability. By that time, the stock price is likely to have surged, already reflecting the realized
technological achievements. This phase serves as an optimal point for profit-taking or revising the
holding strategy. By visualizing both technological evolution and stock price behavior together,
investors are empowered to make logical decisions based not on intuition but on structured analysis.
The use of the Al-Practical TRIZ chatbot enables this process to be carried out in a repeatable and

guantifiable manner.

Case Study: NuScale Power

NuScale Power is a U.S.-based energy technology company developing Small Modular Reactor (SMR)
technology [10]. Compared to traditional large-scale nuclear power plants, SMRs offer enhanced
safety and cost-effectiveness, making them a promising next-generation nuclear solution. With
increasing policy support from the U.S. government and recent export agreements, the
commercialization of NuScale’s technology is becoming more visible. The company is currently in the
early growth stage of the TRIZ technological S-curve and is considered a strong candidate for long-

term investment.
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Figure 5 visualizes NuScale Power’s technology roadmap, which is highly applicable to TRIZ S-curve
analysis. The roadmap outlines the step-by-step development and commercialization process of SMR
technology from 2014 to 2025. In the initial stages, NuScale focused on establishing a business model
and selecting sites, laying the groundwork for system design. From 2017 onward, the company
completed its final design and strengthened partnerships with key stakeholders such as Fluor and
UAMPS, accelerating the path to deployment. Fluor Corporation, a leading U.S. engineering,
procurement, and construction (EPC) company, is in charge of constructing SMR plants. UAMPS (Utah
Associated Municipal Power Systems), a public power consortium, is the first customer and partner

for NuScale, specializing in the deployment of modular reactors.
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Fig. 5. NuScale Power’s Technology Roadmap

Since 2020, following the completion of NuScale's final design, regulatory approval procedures by the
U.S. Nuclear Regulatory Commission (NRC) have been in full progress, alongside preparations for
module manufacturing and construction. From 2023, site construction and operational readiness
programs have commenced, with the staged installation and commissioning of modules—ranging
from Unit 1 to Unit 12—scheduled for 2024-2025. This roadmap represents a transition phase from
technological growth to commercialization on the TRIZ S-curve, making it a strategically appropriate
entry point for investors. Overall, NuScale Power is a structurally evolving growth-stage technology
firm, with increasing technological maturity, favorable policy support, and significant regulatory

advancements.
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Figure 6 illustrates the TRIZ S-curve analysis of NuScale Power's technology roadmap. From a TRIZ
perspective, NuScale is currently positioned at the early stage of the growth phase. Between 2017 and
2021, the company completed its design and secured regulatory approvals, marking the end of the
introduction phase. From 2022 onward, the company has entered a full-scale execution phase,
including module fabrication, site construction, and operational readiness—indicating that the
technology is beginning to be reflected in the market. This stage aligns with the most attractive Buy
Zone on the TRIZ technology evolution curve from an investor’s perspective. In 2024-2025, as module
installation and commercial operations are completed, the company is expected to enter a high-
growth phase with accelerated revenue generation and potential sharp increases in stock price. As
NuScale moves into technological saturation and diffusion, investors may consider the Sell Zone.
Therefore, the current timing represents a favorable long-term investment opportunity, with

continued value growth anticipated in the coming years.
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Fig. 6. TRIZ S-Curve Analysis of NuScale Power's Technology Roadmap

Stock Price S-Curve, Technology S-Curve, and Revenue (Profit) S-Curve

Figure 7: Investment Strategy for Growth Tech Firms illustrates an ideal investment strategy for
technology-driven growth companies, visualized using S-curve analysis. The diagram integrates three

S-curves—Stock Price S-Curve, Technology S-Curve, and Revenue (Profit) S-Curve—to intuitively
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demonstrate when investors should consider buying and selling shares.
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Fig. 7 Investment Strategy for Growth Tech Firms: Invest early

after IPO and exit at the start of consistent profitability

First, the Technology S-Curve represents the rate and level of advancement of a company’s core
technology. It typically begins with a slow rise during the early development phase, accelerates as the
technology matures, and eventually levels off as it reaches saturation. The Revenue (Profit) S-Curve
reflects the flow of this technology being translated into actual market outcomes, such as sales and
profits. It generally lags behind the technology curve due to the time required for commercialization
and market adoption. In contrast, the Stock Price S-Curve often responds ahead of both the
technology and revenue curves, driven by investor expectations and market sentiment. As shown in
the figure, the optimal Buy Zone occurs shortly after the company's IPO, when technological
development has begun but market performance has not yet been fully realized. At this point, the
stock tends to be undervalued due to low revenues, despite promising technology. On the other hand,
the Sell Zone corresponds to the stage when both the technology and revenue curves are fully
reflected in the market, and the company begins to show sustained profitability. During this period,
the stock price typically reaches a peak, fueled by maximum investor optimism, making it a suitable
time for profit-taking.

Figure 7 illustrates the growth of technology, sales, and stock price in the form of S-curves. In the first
stage of the S-curve (Introduction), the technology is under development with no significant

126

Sell Zone: High stock price around the point of turning profitable



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

performance, and the stock price remains low. In the second stage (Growth), both technology and
sales increase rapidly, accompanied by a sharp rise in stock price. In the third stage (Maturity), the
growth of technology and sales slows down, and the stock price may stagnate or decline. This figure
shows that technological maturity, market response, and investor sentiment progress at different

speeds, creating time gaps.

In conclusion, the diagram clearly illustrates the time-lag relationship between technology, revenue,
and stock performance. It emphasizes how TRIZ’s S-Curve analysis enables investors to make logical,

structured decisions regarding entry and exit timing in growth-oriented tech investments.

Stock Investment Returns Using a TRIZ-Based Chatbot

Using TRIZ’s theory of technological evolution and the Al chatbot Al-SilYongTRIZ, the investor analyzed
each company’s technological stage, market timing, and policy incentives to derive optimal buy and
sell points. Initially, investments were made in unlisted Korean tech firms, and later expanded to
include publicly listed domestic and global advanced technology companies. This expansion allowed
for a structurally balanced portfolio built through systematic analysis. Strategic investments that
accurately captured technology inflection points and profitability phases resulted in 10—15x returns.
These outcomes were not the product of short-term trading, but rather of an approach grounded in
technology flow analysis and a long-term investment perspective. This case demonstrates that a TRIZ-
based long-term investment strategy can lead to substantial real-world financial performance, making

it a representative example of practical success using TRIZ and Al in equity investment.

Conclusion and Future Work

This study proposed a novel approach for structurally analyzing the optimal investment timing in
technology-driven growth companies by utilizing TRIZ's theory of technological evolution and the S-
curve model. By overcoming the limitations of traditional investment methods that rely heavily on
financial statements or market sentiment, this approach enables investors to make more objective
and logical buy/sell decisions by structurally interpreting the time gap between technological

advancement and market response.

In particular, the GPT-based Al chatbot Al-SilYongTRIZ was employed to extract and visualize key
investment-related information such as technological roadmaps, policy incentives, available
resources, and market demand. This enabled repeatable and intuitive analysis for any user, regardless
of expertise. The case studies of quantum computing company lonQ and small modular reactor (SMR)
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developer NuScale Power demonstrated how investment timing could be successfully aligned with
technological inflection points through S-curve-based analysis. By comparing the Technology S-Curve,
Revenue (Profit) S-Curve, and Stock Price S-Curve, the study verified the effectiveness of the strategy
of purchasing at the IPO stage and selling near the breakeven point. Future research will focus on
enhancing the quantification and automation of Al chatbot-based analysis. Additionally, the
framework will be extended to various industries to validate its generalizability and practical value for
long-term, technology-driven investment. Ultimately, this research presents a new paradigm in
investment analysis by combining TRIZ and Al, offering a practical and accessible tool that can be

widely utilized by investors.
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HORIZONS OF EDUCATION: INTEGRATION OF
TRIZ AND Al

Feygenson Nadezda, Nekhaeva Ekaterina, Wankhade Sandeep,

Shamina Olga, Zhamgotseva Yulia

The rapid advancements in technology globally have led researchers to explore the emerging concept
of Industry 5.0, which integrates cutting-edge technologies to foster the development of sustainable
and intelligent production systems. This evolution necessitates significant transformations within the
educational system, which, while essential and justified, require thorough reconsideration and

comprehensive analysis.

TRIZ Technology in Education has proven to be an effective tool for nurturing future innovation
leaders, offering a unique set of methods and techniques that can elevate education to a higher
qualitative level. This is particularly relevant to the development of cognitive skills, as well as critical
and creative thinking, which are essential for solving problems across various domains of human

activity.

This article demonstrates how the synergy between TRIZ technology and artificial intelligence (Al) in
education and training can facilitate the attainment of educational objectives. It is crucial to avoid
positioning humans in opposition to Al, or TRIZ in opposition to Al; rather, we should strategically
leverage the strengths of both artificial and human intelligence, with TRIZ serving as the bridge
between them. To substantiate this strategy the authors draw upon their educational, industrial, and
pedagogical experiences, the results of focus groups comprising educators from various levels and

TRIZ specialists, as well as information from public sources.

Keywords: artificial intelligence, TRIZ, digital transformation of education, innovative pedagogical

technologies, TRIZ in education, integration of TRIZ and Al.

1 Introduction

1.1. The notion of the fourth industrial revolution is no longer astonishing or intimidating to
anyone. Neural networks and robots, the Internet of Things and 3D printing, as well as virtual and
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augmented reality, along with bio- and neurotechnology, have integrated into daily life [1].
Researchers are increasingly discussing a novel concept in industrial evolution - Industry 5.0, where
artificial intelligence (Al) is making significant strides and generating unique opportunities for
advancement, enhancement, and new discoveries. Artificial intelligence has emerged not only in
scientific research and engineering but also in education, providing unparalleled opportunities while
presenting serious challenges. Broadly speaking, Al is about the imitation of human capabilities such

as perception, reasoning, learning, and problem-solving [2].

1.2. Transformations in the education system are unavoidable, necessitating a profound

reevaluation and comprehensive overhaul of the fundamental methods of teaching and upbringing.

1.3. TRIZ technology in education offers a distinctive array of methods and techniques that
can elevate education to unprecedented heights. This is particularly relevant to the development of
cognitive skills, as well as critical and creative thinking, which empower individuals to tackle challenges

across various fields of human endeavor.

1.4. The integration of TRIZ and Al presents new possibilities for nurturing the 'thinking
individual." The changes brought about by the fourth industrial revolution have established
groundwork for the emergence of Industry 5.0, where success will hinge on the ability to merge human

intellect and creativity with generative intelligence.

1.5. A variety of technical objects, technologies, architecture, and even art - everything that
emerges from human needs (whether from an individual or a collective, regardless of its size) - is
developed with a distinct purpose and possesses specific beneficial functions. When examining the
purpose of education, we encounter a paradox: the system is operational, yet it no longer serves "the
people," nor is it focused on cultivating thoughtful individuals; instead, it aims to satisfy societal
demands, production needs, and ultimately, to cater to the market. Contemporary education can be
likened to a clock that appears to function, with its hands moving, yet it fails to display the correct
time. This raises the question: why do the objectives of education and the current reality fail to align?
In discussing the purpose of education, it is pertinent to consider the methods for achieving it, the
effective modern technologies available, and, among other factors, the benefits and risks associated
with the integration of generative intelligence. Students need to acquire and master the necessary
knowledge, irrespective of the "mechanism" in place, whether traditional "chalkboard" teaching still

"functions" or if we have transitioned to utilizing artificial intelligence grounded in the TRIZ concept.

2. The Goals of Education and TRIZ Technology

2.1. Let us consider the current international goals of education in more detail. Regardless of
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the country and/or region, any educational program (school or university) covers the main aspects of
the system: the formation of a knowledge base, the acquisition of necessary skills and abilities, and

the development of competencies.

2.2. Concurrently, learners (schoolchildren, students) ask themselves a reasonable question
(sometimes without voicing it aloud, but resisting the learning process): "Why do | need to know this?
Why should | learn this?" The ubiquity of mobile internet has placed vast amounts of knowledge at

everyone's fingertips, prompting urgent questions that demand immediate answers:

- What and how should we teach children? How can we motivate students, preserve
and nurture their curiosity, and prevent the erosion of their self-esteem (considering that "It" knows
everything, unlike even the most knowledgeable teacher)?

- How can we foster creativity and develop a flexible and "bold" imagination, free from
psychological inertia?

- How can we develop critical thinking?

2.3. The list continues. Several of these issues, along with others, have been effectively
addressed by TRIZ technology in education, which aims to cultivate creative individuals capable of
problem-solving and innovation. TRIZ methodologies prioritize learning over traditional teaching by
transforming the roles of both educators and students during the organization of educational
activities. This integration of a novel educational model fosters the development of soft skills,
enhances critical and creative thinking, and promotes the overall intellectual growth of learners,
enabling them to independently acquire and generate new information - an essential skill in today's
device-driven society. A key characteristic of TRIZ technology is its adaptability; it can be applied across
various fields, subjects, or topics, whether instructing technical students or teaching children music
literacy. Figure 1 illustrates the stages of idea generation within the framework of an innovative

project.
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Fig. 1. GEN TRIZ Product Innovation Roadmap

GEN TRIZ Product Innovation Roadmap [24] serves not only as a comprehensive framework for
problem analysis, solution development, product creation, and forecasting, but also as the

foundational basis for the modules of the "TRIZ Technology in Education" program (Fig. 2).

Modules of «the TRIZ Specialist» in Educational program
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Fig. 2. Modules of the "TRIZ Technology in Education" curriculum

2.4. Our discussion extends beyond education to encompass the process of upbringing,
starting from kindergarten, progressing through elementary school, and extending to college. The TRIZ

Technology in Education program integrates the analytical tools and problem-solving techniques

132



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

established by G.S. Altshuler [3], along with methods and strategies aimed at fostering creative
imagination. These approaches facilitate the transcendence of conventional thinking and lay the
groundwork for future combinatorial imagination, as overcoming psychological inertia is a crucial
aspect of TRIZ. A report presented at the 2024 International TRIZ Conference by MIR TRIZ [4] highlights
examples of the successful implementation of TRIZ across various countries within the educational
sector, as well as specific educational programs, and the outcomes of training utilizing TRIZ

methodologies.

2.5. When discussing skills and abilities, a critical question emerges: what tools and methods
can be employed to foster creativity, functional literacy, critical thinking, and systems thinking among
students? How are these competencies cultivated during the learning process? What tools or cognitive

operations are utilized?

2.6. Engagement with focus group 1, which comprised secondary and higher education
teachers from various countries, revealed that the primary source for cultivating, for instance, systems
thinking and creativity in students is a pre-established standard program for a subject, discipline, or
course (such as a textbook or teaching aid) that lacks a description of specific tools. In contrast, TRIZ
technology in education provides specialized tools aimed at developing systems thinking and
creativity. For example, the FSA Functional-Systems Approach model diagram (Fig. 3) serves as a tool
that enables students to enhance not only their imagination but also their systems thinking through

targeted actions and operations [25].

Functional-system approach (FSA)

The model FSA

. @
[ o] .

/’/—-- i T : .
m :7\, sy \ Properties
N _//

[.. s LE}
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Fig. 3. Schematic model of the FSA! functional-systems approach

A similar scenario (training within conventional programs) emerged during the organization of
activities with focus group 1 aimed at enhancing functional literacy. While the traditional education
system relies on a trial-and-error approach, TRIZ technology is based on scientific principles and is

equipped with the necessary tools for forecasting system development.

3 TRIZ and Al

3.1. A successful and effective educational model utilizing TRIZ tools appears to be currently
employed exclusively by professionals in elite and private organizations. However, a new and
formidable assistant (or perhaps competitor?) has emerged in the form of Al. Traditionally, the
education system comprised two primary roles: the learner and the teacher (including educators,
mentors, and parents). Now, we find ourselves with an expanded array of roles. Our challenge is to
transform the learning process into something qualitatively new by integrating TRIZ with generative
intelligence, without replacing the education system with artificial intelligence. It is evident that a new
educational model is required, and it is imperative to organize and conduct a series of experiments in

teaching and education that incorporate both TRIZ and Al.

3.2. At present, research on this subject is at an initial phase. Nevertheless, a specific set of

objectives has been established:

- to ascertain the role and significance of Al in education

- to explore new opportunities for synergy between TRIZ and Al in education

- to identify the challenges associated with integrating TRIZ and Al.

In the broader context of Al in education, two primary questions emerge that researchers are

investigating:

- How will the learning process be structured, and will Al technology take over the roles
and responsibilities of teachers?

- What specific content will be taught, and what foundational knowledge will be
included in the learning process?

3.3. The use of Al in education has become a subject of extensive discourse, with numerous
expert perspectives contributing to the conversation. Therefore, it is relevant to specifically examine

TRIZ technology in education and the novel opportunities presented by Al. This paper delineates our

! *Main Function (MF) and Additional Functions (AF)
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position, drawing upon our teaching experiences with diverse student demographics, ranging from

kindergarten children to university and college students.

3.4, Firstly, substituting a "live" TRIZ instructor with generative artificial intelligence,
regardless of the students' age, offers no tangible benefits. The efficacy of educational exercises within
the TRIZ approach is intrinsically linked to social and emotional interactions within the group. Al, by its
nature, tends to foster a sense of isolation, whereas creativity cannot flourish in solitude; motivation
thrives when it is reflected in a social context. The experience of "encountering a miracle," [26] a
pivotal moment in many individuals' development, is characterized by emotional engagement and live

interaction.

3.5. Secondly, artificial intelligence does not significantly impact the content of TRIZ in
education, whether it is incorporated into a school curriculum or delivered as an independent course.
The application of TRIZ technologies in education does not overwhelm students with information;
rather, it cultivates new cognitive skills. While the primary question in contemporary education is
"what should be studied," particularly given the pervasive presence of Al and the optimal utilization
of the brain's available memory, the content of instruction utilizing TRIZ methodology remains largely
unchanged. On the contrary, mastering the tools within the TRIZ framework becomes increasingly

vital, as it enhances the aforementioned cognitive skills.

3.6. Generative artificial intelligence (GenAl) tools represent the latest advancement in a
historical continuum of technologies that prompted inquiries regarding their impact on the quality of
human cognition. This continuum includes writing (opposed by Socrates), printing (opposed by
Trithemius), calculators (contested by arithmetic educators), and the internet (which also has its

critics) [6].

3.7. Al encompasses a diverse array of methodologies and technologies, operating with texts
that have already been produced by humans. Large Language Models (LLMs) which are based on a
transformer architecture, are trained using extensive datasets of text. A comparative analysis of the
capabilities of humans and LLMs in creative endeavors highlights several significant distinctions. LLMs
surpass humans in aspects such as speed, volume of output, and, in certain instances, the average
quality of the generated content. However, human creativity in speech possesses advantages in terms
of semantic variety, originality (notably regarding the diversity of topics and ideas), depth of
conceptual analysis, and the capacity to contextualize an idea or statement [5]. The range of tasks
executed using LLMs, along with the subsequent evaluation of their performance outcomes in
educational settings, aids students in cultivating critical thinking abilities, learning to verify data, and

independently seeking information for educational purposes [17].
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4 Al: Application Impossible to Ignore

4.1. When considering the limitations of integrating TRIZ+Al into educational settings, both
training and upbringing, it is essential to adhere to stringent guidelines due to the unique aspects of
the brain's physical maturation. However, it isimportant to note that any findings and studies are based

on a relatively short period during which Al has been utilized in education.

4.2. Thus, neuropsychologists have identified potential risks associated with the emotional
development of children, particularly during the preschool years (ages 1-7), and the challenges in
establishing sensory experiences, which subsequently influence the quality of human intelligence [9].
While the integration of TRIZ into education at this developmental stage enhances the child's cognitive
abilities, the unadulterated use of Al poses significant hindrances. Psychologists have raised valid and
substantiated concerns regarding the development of communication skills, empathy, and self-
evaluation [23]. Additionally, speech therapists emphasize the dangers associated with the absence

of "live" communication for children up to 8 years old and the resulting consequences.

4.3. Furthermore, the phenomenon known as "hidden autism" has become increasingly
noticeable due to the pervasive fixation on digital devices, which have supplanted face-to-face

interactions, leading to a significant reduction in the socialization of younger students.

4.4. Nevertheless, the proficient utilization of Al by educators or informed students can
facilitate the development of enriched educational experiences. The creation of interactive games,
diverse resources, and the collection of essential information for lesson delivery can help conserve
teachers' time, allowing it to be redirected towards the creative aspects of the educational process.
Generating ideas, evaluating solutions, referencing, managing extensive data, and producing visual

content can all assist students in focusing on what is most crucial and effective.

4.5. Based on the findings from focus group 2 (TRIZ specialists in education of various levels)
and an analysis of the significance of the synergy between TRIZ and Al in education, age limitations

for the integration of TRIZ technology with Al have been established (Table 1).
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Table 1. Integration of TRIZ and Al

Age Opportunities for TRIZ+Al Integration Results of Application
0-7 y.o. Integration is not recommended for the

reasons described in this article.

7-10 ° Voice assistants (e.g., Alisa, Siri), where o The implementation of Al has led to a

y.o. Al serves as a partner in a TRIZ game already 30% increase in the number of qualitatively
familiar to the child. new ideas.
° Image generators (e.g.,, StudyAi, o Children develop the skill of asking
Kandinsky) for visualizing ideas in TRIZ questions, as Al provides answers, a
projects. process facilitated by TRIZ technology.
° Generative intelligence (e.g., e When Al is used in conjunction with a
DeepSeek, ChatGPT) for providing feedback teacher, critical thinking is enhanced
on TRIZ projects, suggesting ideas for (development of cause-and-effect
problem-solving, and supporting the CID relationships and the utilization of patent
(Creative Imagination Development) course. databases).

10-15 ° Utilizing Generative Intelligence for e The integration of Al has led to a

y.o idea generation and hypothesis testing, with a notable increase in children's engagement

focus on information verification.

° Developing skills, algorithms, and
solution methods using simulators, either
independently or in collaboration with the
teacher (e.g., Duolingo, Photomath).

° Engaging in joint brainstorming
sessions  to analyze resolution of
contradictions, develop solutions based on
the functional approach, construct function-
system models, and analyze these models for

system development.

in the learning process, as perceived by
teachers. Additionally, test results have
shown a 20% improvement in knowledge
compared to periods without the partial
inclusion of Al in the learning process.

e The ability to question and critically
assess information has  significantly
improved (it is critical for the teacher to
provide structured guidance in this area).
e For students, the value of TRIZ
analytical tools, particularly Functional
Analysis (FA) and Cause-and-effect
Analysis, as well as methods for developing
creative imagination (notably the method
of analogy and associative thinking
techniques, the Function-System

Approach), has objectively increased.
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Age Opportunities for TRIZ+Al Integration Results of Application
another ° Utilizing tools for analysis, e Involving students in the development
15-18 collaborative research, and information of training content, methods, formats, and
y.0. gathering (e.g., Perplexity, Gemini), and assessment criteria.
analyzing complex data through simulators e  Mitigating the risks associated with the
(e.g., Wolfram Alpha). misuse of Al by students aiming for higher
° Employing Generative Intelligence to grades through potentially "correctly"
solve problems and project tasks, where Al completed tasks.
verifies literacy and logic, while humans e Enhancing the ability to critically
provide creative initiative and validation. assess Al-generated products, including the
° Visualizing  ideas  using  image verification of data and independent
generators, creating presentations and other. information retrieval for educational
purposes.
® Increasing motivation to search for
alternatives of inventions and patents.
e Conducting project work in a startup
format.

5 An example of TRIZ and Al integration

5.1. The workshop, held on August 22, 2025, involved 60 engineering students from an Indian
engineering college (aged 19-23) in 12 groups of 5. The task was given: search for clock mechanisms,
comparing basic and TRIZ-enhanced Al prompts. Groups received only a 4-hour TRIZ introduction,
covering the 40 Inventive Principles, Nine Windows Approach, and MATChEM?2. Outcomes were

analyzed for depth, creativity, and relevance, supported by literature [18].

5.2. Groups searched for clock mechanisms using a basic Al query (“List types of clock
mechanisms”) and a TRIZ-enhanced prompt. The basic query consistently returned ~8 mechanisms:
mechanical (pendulum), quartz, atomic, sundials, water clocks, hourglasses, electronic/digital, and

radio-controlled. Groups noted these were “textbooks” and lacked novelty, limiting project ideation.

5.3. The TRIZ prompt was: “Using TRIZ methodologies—including the 40 Inventive Principles,

Nine Windows Approach (past/present/future at subsystem/system/supersystem levels), and

2 MATChEM - Abbreviation used to memorize common types of fields used in TRIZ to solve Inventive
Problems: Mechanical, Acoustic, Thermal, Chemical, Electrical, Magnetic. The last two letters EM also

stand for "Electromagnetic".
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MATChEM (Mechanical, Acoustic, Thermal, Chemical, Electrical, Magnetic, Intermolecular,
Biological)—generate at least 178 unique clock mechanisms, categorized by diversity (e.g., historical,

guantum).” Groups applied these tools:

- 40 Inventive Principles: Principle 7 (Nesting) led to nested gear systems for compact
mechanical clocks; Principle 35 (Transformation of Properties) inspired phase-change clocks (e.g.,
melting wax). Groups averaged 20 mechanisms per principle [19].

- Nine Windows Approach: Exploring past (sundials), present (quartz), and future
(quantum entanglement clocks) across subsystems (oscillators), systems (full clocks), and supersystem
(cosmic integrations) yielded 50+ mechanisms per group.

- MATChEM: Groups categorized mechanisms into fields: mechanical (45, e.g.,
graphene flexure), biological (25, e.g., bacterial growth), cosmic/quantum (30, e.g., pulsar clocks),
ensuring diversity [20].

5.4. As a result, groups collectively generated 178+ unique mechanisms, far surpassing the
basic query’s 8. Examples included historical (incense clocks), modern (resonator clocks), and
speculative (spin foam clocks). Nine groups proposed prototypes, such as a bio-inspired algal bloom
clock for environmental monitoring. Studies show TRIZ-Al integration accelerates innovation by 3-5

times, as evidenced here [21].

5.5. Workshop Insights: Assignment demonstrated TRIZ’s role in overcoming Al’s limitations.
Students reported increased confidence in ideation, with 85% noting TRIZ-Al synergy fostered “bold”
imagination, aligning with NEP 2020’s emphasis on multidisciplinary innovation [22]. It is evident that
a «TRIZ mind» doesn't simply imagine more solutions; it systematically unlocks them. While a "TRIZ-
ignorant child" is confined to familiar ideas like gears and pendulums, the TRIZ approach uses a
structured framework and universal principles to define a problem. This enables the generation of a

wider, more diverse array of innovative solutions that would otherwise remain hidden.

6 Recommendations for Organizing Educational Activities

6.1. The authors evaluated the educational potential of TRIZ and generative neural networks
within the learning process. By utilizing selective data, several caveats and potential solutions were

identified.

6.2. Akey component in engaging with Al is critical thinking—it is essential to validate requests
(fact-checking). To prevent "intellectual dependence," TRIZ tools should be employed to cultivate

advanced analytical skills (for instance: Cause-Effect Analysis, Function Analysis).

6.3. The utilization of artificial intelligence accelerates the processes of searching, analyzing,

and generating; however, it does not foster the development of human cognitive abilities. The
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implementation of TRIZ methodologies and strategies not only mitigates adverse effects but also
promotes the enhancement of cognitive skills. Engaging in real-world problem-solving tasks through
functional and resource-based approaches, cause-effect analysis, and the identification and analysis

of contradiction models, followed by their resolution using the contradiction matrix, exemplifies this.

6.4. Individuals should find the real world captivating, they acquire sensory experiences
through exploration and perception of their environment, discovering marvels in the mundane. This
is particularly notable among children. When artificial intelligence is employed, it tends to supplant
reality; thus, Al should function as an aide rather than a replacement for human thought. It is essential
to incorporate elements of TRIZ technology such as "Encounter with a Miracle," creative imagination
development courses, games, and problems, along with experiments aimed at cultivating sensory

experiences within the educational framework.

6.5. While Al may simulate empathy, as seen with ChatGPT's expression of "sympathy", it does
not genuinely experience emotions. This engenders a facade of communication and support, which
may impede, if not entirely obstruct, the advancement of emotional intelligence. Therefore, it is
imperative to impose time restrictions on Al usage for children under the age of 12 and to foster an
environment that nurtures emotional intelligence. This can be achieved by integrating the efforts of

an Al tutor with those of a teacher skilled in TRIZ educational methodologies.

6.6. When incorporating Al into the educational process, it is imperative to first engage
students with a comprehensive systematic approach to utilizing TRIZ-technology as an additional
resource. This approach encompasses functions analysis, causal analysis, and the identification of
contradictions (or weighing pros and cons for younger learners). Only after conducting initial analytical
work and establishing a foundational holistic understanding can students be guided in leveraging Al's

capabilities in alignment with their age and the specific objectives of a lesson.

7 Conclusions

e  Combining TRIZ and Al in education promotes critical thinking, creativity, and problem-solving
skills, preparing students to tackle the challenges of Industry 5.0.

e  TRIZ offers a structured methodology to effectively incorporate Al, enhancing rather than
competing with human intelligence.

e This synergy between TRIZ and Al has the potential to transform education by fostering cognitive
skills and innovation, supported by insights from educators and TRIZ specialists.

e By leveraging TRIZ and Al, education can evolve to meet the demands of sustainable, intelligent

systems, balancing human creativity with technological efficiency.
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e In the coming years, the key task will be to conduct experiments and research on the best
practices for integrating TRIZ and Al in education. This will enable the development of a new
educational model where human thought, creativity, and social interaction are seamlessly

combined with the capabilities of artificial intelligence.

8 Key Findings and Insights

8.1. In the mid-20th century, Isaac Asimov foresaw the transformative impact of technology
on education and cognitive processes. In his stories "The Fun They Had," "Profession," and "The Feeling
of Power," Asimov illustrated the extensive capabilities of machines, ranging from computing to
teaching. However, he also highlighted the inherent risk of losing the essence of what is most

important: living, creative, human thought.

8.2. Al has the capacity to store and process vast amounts of information, offer solutions, and
even emulate creativity. However, these capabilities are fundamentally rooted in historical data and
existing combinations. In contrast, human cognition is esteemed for its ability to surpass established
patterns, generate innovative ideas, and venture into uncharted territories where predefined

solutions are absent.

8.3. Asimov cautioned (1951) that if education is entrusted solely to machines, humans will
cease to learn how to think. While a robot teacher or program can drill answers, it cannot teach the
art of questioning. Similarly, a computer can perform calculations at remarkable speed, but it cannot

experience the joy of enlightenment.

8.4. The value of human thinking lies in its flexibility, imagination, capacity for critical inquiry,
and the search for meaning. While Al can serve as a tool, assistant, or even a partner, it is humans who

remain the originators of ideas, creativity, and the freedom of choice.

8.5. Therefore, the task of education in the future is not to pit humans against Al, but to
combine their strengths: allowing technology to handle routine tasks while the human mind engages

in creation and discovery.

TRIZ enhances cognitive processes by teaching individuals to identify contradictions, uncover
hidden resources, and develop innovative solutions in scenarios where algorithms typically adhere to

predefined patterns.
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TRIZ FOR SERVICES IN THE Al ERA

Boris Zlotin*, Alla Zusman®*, Yevgeniy Subbotin*

*|deation International Inc, Austin, TX. USA

This paper examines the evolution and application of TRIZ (Theory of Inventive Problem Solving) in the
service sector, particularly in light of the rapid advancements in artificial intelligence. Until the late
1980s, TRIZ had been successfully applied in non-technical fields, including creative education, sci-
ence, safety, business, and social issues. The challenges of such adaptation included the language of
TRIZ, unfamiliar to the new class of users, and significant training requirements. In response, by the
mid-1990s, the authors developed a systematic framework, incorporating new analytical and
knowledge-based tools, notably, the Innovation Situation Questionnaire® (ISQ) and the Al-enabled

Problem Formulator® (PF).

The paper introduces the TRIZSOFT® software suite, a family of 12 integrated tools designed to
support both technical and service-related problem-solving. Key offerings include simplified tools for
general problem-solving and complexity management, as well as specialized modules for
organizational devel- opment, cost-performance engineering, and anti-bureaucratic solutions. The
paper highlights the con- cept of human-machine hybrid organizations, where Al tools complement

human flexibility and crea- tivity, thereby enhancing overall organizational effectiveness.

A case study illustrates the application of the Ideation Office for Complexity Management (IOCM)
software in addressing workforce reduction within a government agency. The combined use of TRIZ-
based analysis and ChatGPT, enhanced by Retrieval-Augmented Generation (RAG) from a curated
knowledge base, generated over 39 targeted solution directions, significantly more than was achieved

with unaided chatbot use.

The study emphasizes that while TRIZ remains underutilized in services, its structured innovation
capabilities, combined with Al, can revolutionize complex organizational problem-solving.
Applications span cost reduction, contradiction resolution, change management, and investment
evaluation. The au- thors advocate for broader adoption of TRIZ-based Al tools to build service
organizations that are not only more innovative and cost-efficient but also capable of evolving toward

autonomous, Al-integrated systems.

Keywords: Artificial Intelligence (Al), Computer-Augmented Intelligence (CAl), Retrieval-Augmented
Generation (RAG), The Theory of Inventive Problem Solving (TRIZ), TRIZSOFT.
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Introduction

Attempts to extend TRIZ utilization beyond traditional engineering issues have a long history, including
addressing problems in the arts, sports, medicine, biology, and daily life from time to time. By the late
1980s, successful applications included Creative Imagination Enhancement creative education,
science, safety, business, and social issues. However, when the serious deterioration of the economy
in the early 1990s, caused by the collapse of the Soviet Union, resulted in the loss of industrial-based

customers, we had to turn to a different customer base.

The situation required a careful review of the TRIZ foundation to determine which existing TRIZ
premises and tools could be utilized. Fortunately, many of the TRIZ elements happened to be
inherently universal (or semi-universal), like TRIZ premises (ldeality, Resources, Contradictions,
System Approach), analytical tools (problem definition and formulation), basic pat- terns of evolution,
and universal principles (inversion, segmentation, partial/excessive action, etc.). Additionally,
numerous attempts have been made to find non-technical interpretations of technically specific
principles, standard solutions, and even scientific effects, primarily by choosing appropriate wording
and providing new non-technical examples, illustrating the pos- sibility of applying them to achieve

results in non-traditional TRIZ areas, including selected services.

At the same time, it was clear that a transition was needed from sporadic attempts to a system- atic
approach to developing new methods and tools, as the Kishinev TRIZ school and later the STC Progress

endeavored. By the end of the 1990s, the following work had been accomplished [1]:

e  Evolution of organizations, including the theory, detailed description of evolutionary stages, and
recommendations for each stage regarding main tasks and typical mistakes (first presentations —
Miass, 1986, Moscow, 1987; first commercial application - Mos- cow Commodity Exchange, 1991-
1992).

e  Start of building a dedicated management and non-technical knowledge base (1985).

e The first software “Management toolbox” (STC Progress, Kishinev, 1992).

e  TRIZin presidential elections (Vladimir Proseanic, Svetlana Visnepolschi, Vladimir Oleynikov, mid-

1990s).
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Over the next 30 years, TRIZ has been applied to generate innovative solutions in various ser- vice
industries, such as healthcare, hospitality, finance, insurance, information technology, organizational
development, consulting, and others [2-5]. According to ChatGPT, these applications have shown the

following benefits of using TRIZ in service industries, for example:

e Structural creativity, ensuring more innovative solutions in a shorter time, which is critical for
fast-moving service markets.

e Breakthrough solutions versus just incremental, overcoming conventional limitations.

e Cross-industry knowledge transfer (reuse) as TRIZ expands the solution space beyond traditional
domains of knowledge exploration.

e Improved problem understanding via utilization of TRIZ premises and analytical tools, facilitating
unveiling core contradictions (conflicts) and changing the problem defini- tion, limiting the
solution finding options.

e Possibility to build or improve the innovation culture in service organizations.

At the same time, ChatGPT acknowledges that despite multiple promising opportunities, TRIZ
methods, especially in their classical form, haven’t become a staple in service innovation and problem-

solving, facing various challenges:

e Multiplicity of TRIZ tools, often without clear instructions on which tool to use in specific cases.

e  The majority of TRIZ tools require specific interpretation from technical to more abstract issues
(involving human behavior, perceptions of quality, etc.).

e  Mastering classical TRIZ requires substantial training and practice, months and even years.
Organizational and cultural barriers, generating resistance, overcoming which requires

substantial management support and understanding of TRIZ value for the organization.

Below, we will report on addressing some of the challenges listed above over the last 25-30 years,
emphasizing the new opportunities brought about by the most recent achievements in the area of

Artificial Intelligence.
Innovation and Problem-Solving Tools for Services

General Innovation and Problem-Solving Tools

Some of the challenges listed above are not specific to the application of TRIZ for services and have
been under our consideration since the mid-1980s. The main directions for the TRIZ ad- vancement

have been defined as follows:
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e  Development of a standardized process for inventive problem-solving (later named the Ideation
Process).

e  Development of "missing" analytical tools to provide complete support for all steps in the
Ideation process, including problem definition and formulation.

e Integration of existing knowledge-based tools to avoid confusion caused by their multiplicity.

One of the results was the development of additional knowledge-based and analytical tools for

problem-solving [6]:

e  Knowledge-based (knowledge extracted from various sources of information represent- ing the
best innovation practices):

e  System of Operators (over 400) for solving technological problems.

e  Set of Operators (over 100) for solving business, management, logistics prob- lems, etc.

e  Extended set of Patterns and lines of technological evolution.

e Upto 2,000 examples, illustrations, effects, case studies, etc.

e Analytical tools (procedures that help analyze the initial problem situation and formu- late
directions for solutions):

e Innovation Situation Questionnaire ® (1SQ)

e  Situation Assessment Questionnaire (SAQ)

e  Problem Formulator ® (PF).

1.11deation TRIZ-based software family TRIZSOFT®

The other result was the development of TRIZ-based software incorporating the ldeation Pro- cess
and newly developed tools. In 1996, US Patent 5,581,663, Automated Problem Formulator and Solver,
was granted, which laid the groundwork for the development of TRIZ-based tools to support creative
processes. To date, the TRIZSOFT family includes 12 software packages to support all applications,

including the following five tools to support Inventive Problem-solv- ing:

® Professional Tools:

o Innovation WorkBench® (IWB) — a comprehensive tool to address challenges in
technological systems.

o Knowledge Wizard® (KW) —a comprehensive tool to address challenges in non-
technical areas.

o Ideation Office for Complexity Management (IOCM) —a comprehensive tool to
address complex situations characterized by one or more of the following
elements of VUCA (Volatility, Uncertainty, Complexity, Ambiguity).

® Simplified Tools
o Ideation Brainstorming (IBS) — a simplified tool to address challenges in
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technological systems.
O Express Situation Assessment and Management (ESAM) - an analytical tool to
address complex situations characterized by one or more of the following elements

of VUCA. Analytical tools for services

Situation Assessment Questionnaire

Situation Assessment Questionnaire is an abridged form of the full-scale Innovation Situation
Questionnaire (1SQ) comprising a standardized set of questions necessary and practically sufficient for
obtaining and assessing preliminary information about the problem situation at hand. ISQ is a part of
the professional software Innovation WorkBench (IWB) and Knowledge Wiz- ard (KW). SAQ is a part
of ldeation Brainstorming (IBS), Express Situation Assessment and Management (ESAM), and Ideation

Office for Complexity Management (IOCM software. The SAQ list of questions is shown in Appendix 1.

Al-enabled Problem Formulator

An analytical tool, the Problem Formulator (PF) module, as described in the patent, has become the
main feature of the TRIZSOFT family (to date, it is present in 10 of the 12 software pack- ages

mentioned above). The main PF attributes include:

e  Presenting problem situations in cause-and-effect (CAE) relationships visualized on a diagram.

e  Besides functions, it can operate with any meaningful factors (parameters, flows, conditions,
objects, etc.).

e  Allowing for visual re-organization and analysis of the diagram, unveiling (and correct- ing real-
time) various discrepancies, mistakes, missing factors, and connections.

e Using plain engineering language.

From its inception in 1992 (US patent US5581663 Automated problem formulator and solver), it had

several "smart" features, including:

® Automatic recognition of contradictions, highlighting them on a CAE diagram.

® Automatic capturing (from the diagram) of factors and relationships between them to
generate meaningful sentences - Directions for Solutions (Innovation).

® Automatic conversion of a visual diagram into a comprehensive set of possible Directions

for Solutions (Innovation).

PF was designed to visualize the typical human thinking process (“reasoning”) and verbalize its results,

particularly when addressing complex challenges. Today, we know that all thinking processes in living
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organisms are realized via natural neural networks, making the Problem Formulator system an Al-

enabled TRIZ-based tool.

Analytical tools are not dependent on specific types of problems. They can serve as universal prompts
(IsQ and SAQ), as well as the Problem Formulator, which can be used as a universal prompt generator
for Al Chatbots.

Non-technical knowledge base

The scope of the non-technical knowledge base applicable to inventive problem-solving in the service industry is shown on Fig.1.

Improve effectiveness of an 6 Eliminate potentially harmful acts of 2
organization humans

Improve motivation 10 Improve adaptability/universality 2
Increase performance effectiveness 11 Eliminate undesired effects 16
Obtain information 7 Reduce complexity 11
Conceal information 3 Reduce time spent/wasted 7
Improve productivity 9 Reduce cost 15
Improve convenience 6

Fig.1. General structure of the non-technical knowledge base

The list of Operators is shown in Appendix 2.

The general non-technical knowledge base is available in the software Knowledge Wizard® (KW) and
Ideation Office for Complexity Management (IOCM). Additional specialized knowledge bases for
Organizational Development, Cost-Performance Management, and Anti- Bureaucratic Management

will be addressed later.
TRIZ in organizational development

General organizational development

The main descriptions of the organization’s lifecycles, including natural and induced dynamic organic
growth, have been addressed in [1]. The associated specialized knowledge base included information

describing each stage of the extended S-curve, depicting the organizational lifecycle, in particular:

e  General description
e  Main features

e  Typical tasks for stage development
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e  Typical mistakes that should be avoided/overcome.

This specialized knowledge base is a part of the Directed Evolution® software [7].

Cost-performance engineering of organizations

The entire history of human civilization demonstrates that the performance (quality) and cost of
various products, services, and organizations are in a permanent state of contradiction: improvements
in performance result in rising costs, and cost reduction leads to a deterioration in performance. The
relationship between cost and quality has become one of the major contra- dictions of technological

evolution. To address this challenge, a Value-Quality Engineering

! Besides the traditional four stages, Childhood (1), Growth (2), Maturity (3), and Decline (4), the Ex-

tended S-curve includes two additional stages, “Pregnancy” (0) and “Afterlife” (5).

The approach was introduced in the mid-1990s, aiming to simultaneously improve system quality,
effectiveness, reliability, and other key metrics while also reducing costs based on the increased
creative level of product and technology developers [8]. The most recent study explored the

applicability of Value-Quality Engineering tools to the Cost-Performance of Organizations [9].

“Skeletal” organization

The typical minimal (“skeletal”) functioning organization can be depicted with the following cause-

and-effect relationship diagram:
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organization's incompetent

office personnel personnel

organlzlation's =) Organizational - :regr::::‘asﬂ:: improving
rules structure fiikion people's life
organizational organizational incompetent
complexity management manegemnt

cost of
unnecessary
regulations

excessive rules

management
cost

Fig 2. “Skeletal” diagram of a functioning organization

Based on the CAE diagram above, the following general directions for cost-performance improvement

are generated:

e  Group 1. Tasks for direct cost/harm reduction (8 directions)
e Group 2. Tasks for performance improvement (7 directions)

e  Group 3. Tasks for resolving contradictions (5 directions).

The diagram was built, and the tasks were automatically generated with the help of the Al- enabled
Express Situation Assessment and Management (ESAM) software (see the complete list of tasks in

Appendix 3).

Specific knowledge base for cost-performance engineering tasks

Specific Operators recommended for solving cost-performance engineering tasks belonging to groups
1 and 2 are listed in Appendix 4. Detailed descriptions of Operators are available in [9]. Here, we will

address the tasks of group 3 (resolving contradictions for the government organizations).
The CAE diagram (Fig.2) and, consequently, the tasks forimprovement have been created for a generic
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organization, for example, a government agency. We should be more specific in answering questions
regarding the applicability of the principles for separating contradictory requirements. For example,
different agencies may have varying levels of complexity, workload distribution among personnel,
time schedules (for instance, seasonal), and performance conditions. Some solutions for cost-

performance contradiction resolution may include:

® Collaboration (and cost-sharing) with private companies.

® Sharing resources between different agencies or departments, for example, sharing
sup- porting services like information search, computations, finalizing reports and
presentations, etc.

® Introducing a supporting innovation and problem-solving unit responsible for:

o Monitoring regular operation, overseeing its efficiency and effectiveness.

o Providing first-level training for regular personnel in evaluating problem
situations, handling problems “on-site,” and seeking help from the unit’s
problem- solving professionals.

o Prompt and efficient problem-solving in cases requiring problem-solving
professionals.

Collecting suggestions for improvement, etc.

o Guiding the organization’s departments in implementing new Al technology,
etc.
The last point above is exceptionally significant, as the most effective way to resolve contradictions is

to change the principle of operation, meaning transitioning to the use of new technology. Al has the
highest priority in this regard. Until Artificial General Intelligence (AGlI) is achieved, Al will be a part of

a human-machine hybrid.

Organization as a Hybrid of Human and Machine Approaches

In the process of the evolution of various systems, a gradual reduction of human involvement has
been taking place until the system becomes autonomous [7]. The process of reducing human

involvement includes the following levels:

e  Mechanization (work execution)
e  Automation (work control)
e  Computerization (data-driven decision-making)

e Intellectualization (Al-based decision-making).

Each level includes tools, sources of energy or data, and means to transfer energy or data to the tools.
The evolutionary journey begins with a system where a function is performed by a human. For
example, ancient people used sounds and gestures to convey their messages. The journey's end is an
entirely autonomous system in which a machine performs all functions. This means that until the final

step, the system will operate in a human-machine mode (human-machine hybrid) or a Computer-
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Augmented Intelligence (CAl) system [10, 11].

Each step of the process above depends on the availability of technology capable of replacing a human
with a machine or device at this step. The process of reducing human involvement requires a
comprehensive understanding of a human operation and involves replacing it with new technology

specifically designed for mechanization, automation, computerization, or intellectualization.

In building a human-machine hybrid, especially at the level of Intellectualization, finding an optimal
distribution of the system functions between the machine and human is crucial, given the specifics of

each hybridization partner.

The function distribution process will evolve in the direction of continuous transfer of functions
performed by humans to machines. The delegation of functions to machines will depend on the clarity
of the description of these functions. Well-defined functions will be programmable, including some
smart features (programmable Al). In contrast, fuzzy ones will require more sophisticated intelligent
operations based on Artificial Neural Networks (ANNs) or other Al approaches. As this process
progresses, an organization can eventually be replaced by an autonomous Al system. At this point, a
bureaucratic organization should operate like a fully computerized utility company providing a specific

service.

Anti-bureaucracy management

The description, main features, and problems, including malignant growth, corruption, resistance to
change, intentional complexity, and others, along with possible ways to address them, are explained

in detail in [9]. See some of the anti-bureaucratic measures in Appendix 5.

Other TRIZ-based applications for services

Complexity management
Mature bureaucratic organizations are usually complex. A typical complex system’s behavior
can be characterized by a combination of any of the following elements [12,13]:

Multi-factor cause-effect relationships
Probabilistic inputs or outputs

Non-linear relationships

Multiple feedback (reinforcing loops)

® Factors that are out of control.
Such organizations are non-transparent, prone to multiple contradictions, and have entangled
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functions and responsibilities.

Besides natural complexity, somewhat justified by the complexity of tasks, bureaucracy often

unintentionally complicates things, impeding transparency in operations and decision-making (Fig. 3

"Skinny" organization at the “Swollen" bureaucracy on the way to a
beginning of its development cycle malignant transformation

Formal leader commands from the
top of the hierarchy FOW'}OHUOV

Commands from
unknown source

Informal leaders,
often hidden, with

Fig. 3. Entangled bureaucracy [1]

To streamline the organization's complexity, it is recommended that ESAM software be used to create
a CAE diagram (as shown on Fig. 2), which visualizes the organization's operations and provides

recommendations for simplification.

Evaluation of investment projects

The tool for evaluating innovation and technology projects is designed to estimate the value of an
invention, technology, or technical project, as well as its prospects for realization, for a potential

investor. The evaluation is carried out according to a group of criteria (factors), includ- ing:

1. Negative factors (NF). Seventeen situations seriously devaluating the project, allow- ing
us to question the merit of further evaluation (Appendix 6).

2. Positive factors, including:

a. Technology-related factors (TF). 11 factors, including the amount of creative
effort applied in the invention creation, its degree of novelty, and the impact it
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can exert on the overall level of technology and/or society.

b. Evolution-related factors (EF). 9 factors, reflecting the evolutionary potential of
the invention that is being further developed.

c. Market-related factors (MF). 6 factors, reflecting the invention's possible appli-
cations, potential market size, its rate of growth, etc.

d. Intellectual property-related factors (IPF). 6 factors, reflecting the quality of
patent protection (if any) and the organization’s and/or participants’
background and character relevant for the invention implementation.

2. Each factor is determined by a table offering five levels to choose from.

Each level has a description and an example to help determine the most
appropriate level. In total, there are more than 170 descriptions of variants,
each accompanied by examples to help determine levels.

4, It is possible to set weights for each factor.
5. For each factor, the tool determines:
a. Level (1-5).

b. Attractiveness for the investor (1-5) for each factor is determined based
on the estimated return on investment.
6. The total average score is calculated using a simple formula that considers
the given weights; the maximum score is 6. Typically, the invention (project)
could be recommended for consideration if the score is 4.5 or higher.

7. The results for each group of factors are visualized in the form of radar or
other diagrams (see Appendix 8).
8. Additional benefits include:

a. An analysis of individual ratings, allowing for recommendations on how
to improve ratings that reduce the overall value.

b. Full software support, automatic calculation of results, and report
generation.

lllustrative Case study: Workforce reduction of a government

agency

Work scenario

The case study was completed with the utilization of the Ideation Office for Complexity Management

(IOCM) software (Fig. 4), including:

® Option Complexity Management and Resolution
® General non-technical knowledge base

® Al Chatbot connectivity (ChatGPT, models 40 and 01)
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® RAG agent, selecting the most relevant 10-12 documents from the knowledge base and

including them in the ChatGPT request.
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The Al Chatbot window and settings are shown in Figures 5 & 6.

lo_ap_attempet 1o reduce bloated agency size and cut expenses, the government administration offered employees the
option to resign in exchange for a generous buyout package. A sizable number of employees took the buyout package;
however, the workforce reduction targets weren't met. The situation might be improved by increasing motivation te accept
the package, for example, by raising the buyout amount; howewves, this would lead to significantly highes expenses. What to

do?
Answer Cloar | L1 Atach documents Quick Response =
Ouick RespOrae
Think Deeper
How fe Get OpanAl AP1 Change APl Key | Rebuaild Search Index Close

Fig. 5. Al Chatbot window
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Fig. 6. Al Chatbot settings
The case study included the following steps:

® Completing the Situation Assessment Questionnaire (SAQ).
® Generating Directions for Solutions, including building a CAE diagram.
® Selecting Directions to work with ChatGPT.

1. Working with ChatGPT in the following three modes:
a. “Quick response” option (Model 40, Temperature 1.88, Maximum token
length 4003).
b. “Quick response” option with the RAG agent (knowledge base included).

C. “Think Deeper “ option (Model 01, medium reasoning effort).
2. For each mode, the following requests were made, including:

a. The original problem statement

b. Selected Directions

C. One selected direction with the Refine

options.

The Original Problem Statement was as follows:

In an attempt to reduce bloated agency size and cut expenses, the government administration offered
employees the option to resign in exchange for a generous buyout package. A sizable number of
employees took the buyout package; however, the workforce reduction targets weren't met. The
situation might be improved by increasing motivation to accept the package, for example, by raising

the buyout amount; however, this would lead to significantly higher expenses. What to do?

Completed SAQ, CAE diagram, and complete list of generated Directions, see in Appendix 9. The following three Directions have

been selected:
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7. Find an alternative way to obtain increasing the buyout package that offers the following:

pro- vides or enhances increasing motivation to take the package does not cause higher

expense.

8. Resolve the contradiction: increasing the buyout package should be provided to produce
increasing motivation to take the package and shouldn’t be provided to avoid higher

expenses.

14. Find an alternative way to obtain increasing motivation to take the package that offers the
fol- lowing: eliminates, reduces, or prevents workforce reduction targets that are not met and

does not require increasing the buyout package.

Working with ChatGPT

Below, you can see the recommendations from ChatGPT obtained for the original problem statement,

along with enhanced responses through the use of the IOCM software.

Original problem statement

“Quick response” option

A: To address the challenge of reducing workforce size without incurring significantly higher expenses,

consider a multi-faceted approach:

Targeted Buyout Offers
Non-Monetary Incentives:
Phased Retirement Options
Flexible Work Arrangements
Restructuring and Role Redefinition
Enhanced Communication
Voluntary Sabbaticals or Unpaid LeavePerformance-Based Incentives
8. Review and Adjust Workforce Planning
2 All Directions here and below are presented in the form automatically generated by the software.

oA LD =

“Think deeper” option

1. Extended health coverage, life insurance, or other
2. Emphasize the high risk of being laid off without a package
3. Combine Buyouts with Other Cost-Saving Measures
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4. Conduct a Second or “Final” Round of Incentives, potentially with modest enhancements or
newly added ancillary benefits. Emphasize that it is the final or near-final opportunity for a

voluntary exit, which can prompt those on the fence to act.

Additional recommendations from the utilization of IOCM

From Selected Directions

1. Flexible Payment Options

2. Skill Development Programs
3. Networking Opportunities

4. Recognition and Appreciation
5. Tax Efficiency Advice

6. Personalized Offers

7. Education and Training

8. Flexible Departure Terms

9. Positive Framing

10. Alumni Network

11. Recognition and Celebration

12. Consultation and Feedback

13. Enhance Communication and Transparency
14. Highlight Success Stories

15. Internal Mobility Opportunities

16. Simplify the Process

17. Leverage Internal Champions

18. Tiered Packages

19. Performance-Based Incentives

20. Cost-Benefit Analysis

21. Pilot Program

From the IOCM knowledge base (RAG)

1) Diagram Building Technique: Utilize the Diagram Building Technique to model the situation and
identify the underlying causes of resistance to the buyout. This method can help visualize the
problem and generate innovative solutions by analyzing cause-and-effect relationships.

2) Utilize the document ” Introducing Additional Motivation” to organize a lottery with the enhanced

packages as prizes. For example, several prizes with tripled or doubled packages.
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3) Offer Opportunities to “rejoin” the organization or consult in the future, removing
4)  the fear of a permanent exit.

5) Using the document “Increasing Ideality Strategies”.

6) Explore alternative solutions that could indirectly solve the issue of workforce size. This might
involve improving operational efficiency or investing in technology that reduces the need for a
large workforce. Operator “Alternative solutions” from the knowledge base: “Imagine that the

problem you are trying to solve is unsolvable.

Formulate other problems whose solutions would eliminate the "original" problem. Consider the

following:

a) Analternative to solving the stated problem. Is it possible to improve the system to the extent
that the drawback becomes insignificant or at least tolerable?

b) Alternative to the given system. Is there another system that can be improved in order to
obtain the desired result? Would shifting to some other "principle of operation" prevent the
drawback from occurring, or significantly reduce or weaken it?

c) Alternative super-system. From what other super-system can the desired result be obtained?

d) Alternative function. What other function must (or can) be fulfilled to obtain the desired
result?

e) Alternative purpose. What other purpose can be achieved to obtain the desired result?"

5.3 Summary of the results

The summary of the results is shown in Tables 1 & 2.

Table 1. Recommendations for the original problem statement (13)

Option Number of Recommendations
Quick response 9
Think deeper 4

Total 13

Table 2. Additional recommendations from the utilization of IOCM (26)
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Option Number of Recommendations
Directions (3) 21
Knowledge Base 5
Total 26

As shown above, the combined use of TRIZSOFT and ChatGPT, enhanced by Retrieval- Augmented
Generation (RAG) from a curated knowledge base, has tripled the number of generated potential
solutions compared to unaided chatbot use. The most interesting recommendations, like “organize a
lottery with the enhanced packages as prizes” and building the cause-and-effect diagram, have been

obtained using Ideation's non-technical knowledge base with the use of an agentic approach (RAG).

Conclusions

TRIZ has proven to be adaptable and valuable beyond engineering, particularly in services such as
healthcare, hospitality, finance, insurance, information technology, organizational development, and

consulting.

1) The integration of TRIZ with Al, especially through tools like the ChatGPT-en- hanced software
(IOCM, ESAM), significantly boosts problem-solving capacity in complex, high-stakes service
environments.

2) Organizational improvement using TRIZ can simultaneously target cost reduction, performance
enhancement, and contradiction resolution, supported by formalized diagrams and structured
knowledge libraries (Operators).

3) Human-machine hybrid organizations represent an evolutionary step toward Al-em- powered
systems, where TRIZ provides a roadmap for effectively distributing functions between humans
and machines.

4) Anti-bureaucratic and complexity management strategies embedded in TRIZ tools address
structural inefficiencies and resistance to change, which are critical in trans- forming rigid
institutions.

5) Widespread adoption of TRIZ in services requires overcoming training barriers and embracing Al-

augmented interfaces that simplify access to its powerful methodology.
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Appendices

Appendix 1. Situation Assessment Questionnaire (SAQ)

1. Brief description of the challenge/situation
2. Primary Objective
3. Information about the system

a. System name

b. System structure

c. System functioning

d. System environment
4, Information about the situation
a. Challenge that should be resolved
b. Factors causing the problem/challenge
c. Consequences of unresolved situation
d. History of the challenge
Ideal vision of solution
Allowable changes to the system
Criteria for selecting solution concepts
Additional information

®© N

Appendix 2. General non-technical knowledge base. List of Operators

Operators below are shown in alphabetical order. The full descriptions of Operators with illustrations
are available in the software Knowledge Wizard® (KW) and Ideation Office for Complexity Manage-

ment (IOCM).

1) Activate informational resources

2) Adapt a tool to the user

3) Anti-action

4) Apply a model (copy) Apply disposable objects
5) Apply multiple actions

6) Camouflage

7) Change the principle of operation

8) Conceal information about an upcoming event
9) Concentrate efforts

10) Concurrent operations

11) Consolidate discrete subsystems

12) Convert a harm into a benefit

13) Counteraction

14) Create "centers of resistance"
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15) Create a bi-system

16) Create a group/organization of "extreme strength"
17) Create a poly-system

18) Create and use pauses

19) Direct influence

20) Disable an undesired action

21) Distribute an action

22) "Draw off" an undesired action to another object
23) Dynamization of subsystems

24) Eliminate idling

25) Eliminate the cause of an undesired effect

26) Eliminate the consequences of an undesired action
27) Eliminate the need for information

28) Emphasize informational resources

29) Enforce an undesired action

30) Enforce the avoidance of a dangerous situation
31) Establish a permanent organization

32) Exclude auxiliary functions

33) Exclude duplicate elements

34) Exclude elements

35) Exclude the source of an undesired effect

36) Exclude the subject of an undesired action

37) Exert influence by introducing a well-controlled element
38) Exert influence through a controlled system element
39) Exert influence through a credible mediator

40) Exert influence through an agent

41) Exert influence through an unbiased mediator

42) Facilitate organizational dismissal

43) Facilitate organizational transformation

44) Force the self-revealing of information

45) Group processing

46) Improve organizational growth

47) Improve organizational stability

48) Indirect approach: Let others do your job
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49) Indirect influence: "Make a road"

50) Influence the flows passing through an organization
51) Influence the overall system

52) Introduce a particular structure

53) Introduce a positive (reinforcing) feedback loop
54) Introduce a source of easily detectable informational fields
55) Introduce additional motivation

56) Introduce adjustable elements and links

57) Introduce feedback

58) Introduce interchangeable elements

59) Isolation

60) Make an object dismountable

61) Make the subject part of a well-controlled system
62) Matching

63) Negative feedback (stabilizing) loop

64) Preliminary action

65) Preliminary placement of an object

66) Preliminary strengthening

67) Replace a stimulus with a stronger one

68) Replace the subject with a model

69) Self-service

70) Shifted matching

71) Simultaneous operation

72) Specialization

73) Switch off an undesired action

74) Use detection instead of measurement

75) Use more highly integrated subsystems

76) Use post-process time

77) Utilize available informational resources

78) Vary optical characteristics

79) Weaken (or partially eliminate) an undesired action
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Appendix 3. Typical tasks for cost-performance engineering of

organizations

Based on the CAE diagram (Fig. 2) above, the following general directions for cost-performance

improvement are generated:

Tasks for direct cost/harm reduction (Group 1)

1. Find a way to eliminate, reduce, or prevent management costs under the conditions
of organi- zational management.

2. Find a way to eliminate, reduce, or prevent personnel costs under the conditions of
personnel.

3. Find a way to eliminate, reduce, or prevent office costs under the conditions of the
organiza-
tion’s office.

4. Find a way to eliminate, reduce, or prevent excessive rules in order to avoid the cost
of unneces- sary regulations and organizational complexity under the conditions of
organization's rules.

5. Find a way to eliminate, reduce, or prevent the cost of unnecessary regulations
under the conditions of excessive rules.

6. Find a way to eliminate, reduce, or prevent incompetent management.

Find a way to eliminate, reduce, or prevent incompetent personnel.

8. Find a way to eliminate, reduce, or prevent organizational complexity under the
conditions of organizational structure and excessive rules.

~

Tasks for performance improvement (Group 2)

1. Find an alternative way to obtain improvement in people's lives that does not require
organiza- tion to perform its function.

2. Find an alternative way to obtain an organization that performs its function that offers the
following: provides or enhances improving people's life does not require organizational
structure, organi- zational management and personnel is not influenced by incompetent
management, incompe- tent personnel and organizational complexity.

3. Find an alternative way to obtain organizational structure that offers the following: provides or
enhances organization performs its function does not cause organizationalcomplexity does not
require organization's office and organization's rules.

4. Find an alternative way to obtain organizational management that offers the following:
pro- vides or enhances organization performs its function does not cause management
cost.

5. Find an alternative way to obtain personnel that offers the following: provides or enhances
organization performs its function does not cause personnel cost.

6. Find an alternative way to obtain an organization’s office that offers the following: provides
or enhances organizational structure does not cause office cost.

7. Find an alternative way to obtain organization's rules that offers the following: provides or
en- hances organizational structure does not cause excessive rules.
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Tasks for resolving contradictions (Group 3)

1. Resolve the contradiction: organizational structure should be provided to produce
organization

a. performs its function and shouldn’t be provided to avoid organizational complexity.

2. Resolve the contradiction: organizational management should be provided to produce
organization performs its function and shouldn’t be provided to avoid management
cost.

3. Resolve the contradiction: personnel should be provided to produce an organization
that performs its function and shouldn’t be provided to avoid personnel cost.

4. Resolve the contradiction: organization’s office should be provided to produce
organizational structure and shouldn’t be provided to avoid office cost.

5. Resolve the contradiction: organization’s rules should be provided to produce
organizational structure and shouldn’t be provided to avoid excessive rules.

Appendix 4. Specific Operators recommended for solving cost-

performance engineering tasks belonging to groups 1 and 2

Groupl.Cost/harm reduction

1.

Excluding functions:

a) Excluding correcting functions

b) Excluding preparatory functions

¢) Excluding protective functions

d) Self-service

e) Eliminating the need for measurement
Excluding elements:

a) Mobilizing internal resources

b) Consolidating subsystems

¢) Concurrent operation and group processing

Group 2. Performance improvement

L.

Modify the existing way to perform a function:

a) Partial action

b) Excessive action

c) Mobilizing internal resources

Increasing the effectiveness of function performance:

a) Replacing a stimulus with a stronger one

b) Introducing additional motivation

¢) Introducing positive feedback (reinforcing loop) for performance improvement
d) Concentrating effort

Find additional benefits from the existing way to provide a function.

Appendix 5. Anti-bureaucratic measures
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Anti-malignant growth protection:

1.

Reducing the organization’s size. There is a typical contradiction: an organization should be
large to handle the high workload, and an organization should be small to avoid
malignant growth. This contradiction could be resolved using the principle of Separation
between parts and the whole, Approach 1. Segmentation, which recommends splitting
the system into two or more parts and inte- grating them at a different hierarchical level.
Reducing the number of hierarchical levels, making an organization more compact.
Limiting the number of subordinates under a supervisor.
Replacing the organizational manager with a leader with business or tech management
experi- ence, with prompt decision-making skills.
Introducing cultural changes embracing creativity, personal achievements,
encouragement, and dedication to personal and group work success.

Anti-corruption measures:

L.

Presumption of guilt principle for bureaucrats (per Scott Adams). Unlike the presumption
of in- nocence for private individuals, who are considered innocent until proven
otherwise, government workers acting in their professional capacity should be
presumed guilty until proven otherwise. The proof can be established by the complete
transparency of their actions, which should be strictly enforced. For example, according
to Scott Adams’?, failure to keep and preserve records must be considered a possible
crime worthy of investigation rather than a forgivable mistake. Se- vere penalties for
attempting to escape society's control must be a rule, etc.

Income and spending transparency. Starting from a certain level of management, for
example, the head of a working group, bureaucrats are obligated to report the sources
of any income (and spending) exceeding a certain level of the salary, for example, 5
times.

Using Al systems to identify discrepancies between bureaucrats’ incomes and spending.
Al systems can monitor any significant changes in the spending habits of bureaucrats
and initiate an investigation into their nature.

The measures above should be implemented in conjunction with strengthening responsibilities and

in- creasing penalties for non-compliance.

Overcoming resistance to change:

1.

Rushing through. If a strong resistance against specific changes is expected, making these
changes as quickly as possible is often successful. For example, when a corporation fires or lays
off an employee, which may cause trouble, it acts swiftly, canceling the employee’s entrance
pass to the workplace.

Applying the “boiled frog” effect. If you expect a subject to resist specific changes and you do
not have the resources to control the situation, implement these changes very slowly so that
they will go unrecognized until it is too late to reverse the change. For example, some pivotal
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laws take effect over time by phasing the changes out.

3. Making the change fashionable. Applying the Rushing-through recommendation requires
power; the “boiled frog” effect involves time. If neither is available, consider making the change
attractive (fashionable, prestigious, or potentially profitable). For example, a demoted
employee may take the shift more easily if it promises quick growth in the future, or if the new
title sounds more exciting.

4. “Cushion” in advance. For changes associated with high personal risk, promising a fallback

option may be enough for the change’s acceptance.

Appendix 6. Typical factors significantly reducing the value of the

invention

Description Example

1 Attempts to invent a machine based on:

* Perpetual motion of the first and
second types, unsupported motion
de- vices, etc.

* Theories rejected by science, like
phlogiston theory, the world ether,
and

The given invention violates the laws of nature
or is based on false information.

3 Scott Adams, author of books on creativity, persuasion, and personal success.

other unreliable or unproven experi-
ments.

2 L . . L Invention of methods and devices for tor-
The direction of the given invention is inhu- ) . :
turing people, robbery, terrorism, viruses

mane, antisocial, etc. . .
(both bacteriological and computer), etc.

3 . . . . L . Numerous attempts have been made to re-
The direction of the given invention is against .
. ) turn to steam engines, vacuum bulbs, elec-
patterns of technological evolution. .
tronics, and wood furnaces, among others.
4 The given invention relates to an area where

the emergence of a viable market is unlikely. |Invention of unique devices for specific
Alt- hough the invention itself may be brilliant, [scientific experiments.
capitalizing on it is doubtful.
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5 Certain features introduced in the 1960s to
The given invention reduces the system’s ideal- [create an impression of luxury would dete-
ity, creating various undesired effects that are |riorate the aerodynamics, safety, and qual-
not justified by its usefulness. For example, in- fity of the automobiles.
s.lgnlﬁcant. |mp.rovement can.result in substan- Automobiles with powerful engines could
tial deterioration of more important overall .

. L be unreliable.
fea- tures, increasing risks, and so on.
The increasing softness of the suspension
attachment makes the ride more
comfortable, but it also deteriorates
handling and safety.

6 Combining rods that manage nuclear reac-
The given invention creates a useful effect. [tor operation with a safety system, allowing
However, it is likely to cause serious draw- [for asubstantial reduction in the overall cost
backs, for example, introducing additional jof the reactor, eventually led to the
risks. Chernobyl catastrophe.

7 The given invention proposes a solution to a . . .

g . P .p Attempts to invent devices that burn fossil
problem that was either incorrectly formulated . .
. fuels without releasing CO2.
or pointless.
8 It is known that Edison unsuccessfully at-
tempted to build an atomic motor, which
The given invention addresses a problem that is [Was impossible before the necessary scien-
too premature, considering the current state of [tific knowledge was developed.
existing technology. Attempts to build automated translators in
the 1950s were made during the early stage
of the computer revolution.
9 The production of hydrogen fuel for auto-
mobiles leads to increased energy con-
The given invention creates problems rather  |sumption and creates a significant effi-
than eliminates them. ciency issue; it also necessitates addressing
new concerns related to the safe storage
and handling of hydrogen.
10 The implementation of the given invention de- -
. ) , . Some specific improvements to parts of an
pends entirely on other inventions; its actual | . . . .
. . . lairplane engine provide certain useful but
ef- fect is conditional on the overall system's |. . . o
. - . limited effects when considered individu-
performance and is difficult to isolate. . . . .
. ) ) _"lally, without being combined with other
Independent marketing of these inventions is
. . . enhancements.
usually impos- sible or not promising.
11 . . . . . The invention of fuel cells is a ver
The given invention offers a partial solution; | X ) y
- . . . important one; however, their actual imple-
additional inventions will be necessary to o o ,
. mentation in an automobile is a subject of
ensure the creation of the actual product. s . .
numerous additional inventions.
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12

The given invention is typical of dissertation
work by post-graduate Ph.D. students. These
in- ventions usually have a sound scientific
founda- tion but often lack marketing and/or
commercial value.

The invention of a sensor to measure spe-
cific parameters could be very elegant from
a technological standpoint; however, its ap-
plication may be limited to a few research
centers.

Many recent inventions in nanotechnology
are scientifically sound; however, there are
few immediate actual products built based
on them.

13

The given invention has high market potential;
however, its design is based on “garage produc-
tion” rather than being suitable for mass
produc- tion.

A company was producing Diesel fuel
liquefiers for many years with limited
success. The problem was that the product
was based on an invention made by the
com- pany president, who had patented a
design based on manual production and had
resisted the changes necessary for mass-
pro- producing the device.

14

The given invention offers a useful solution for
a secondary issue; it doesn’t contribute to the
system’s further evolution.

The primary limitation to applying a turbine
in an automobile is that its efficiency is high
only within a narrow range of rotation
speeds. Until the problem is solved, other
improvements to the turbines for automo-
biles are not commercially profitable.

15

The given invention may deteriorate perfor-
mance compared to prior art, or the selected
prior art may be outdated, ineffective, etc.

Numerous patents on exotic combustion
engines with substantially deteriorated de-
sign and performance compared with exist-
ing engines.

16

There is a possibility that the patent at hand is
intended to mislead competitors for protection
purposes.

Attempts to implement certain German pa-
tents issued in the 1930s in the chemical
industry led to explosions.

17

There is a possibility that the author of the
given patent may not be sufficiently competent
in the area to which the patent is related; the
author could be overly invested in the idea,
mentally impaired, or have a hidden agenda,
among other possibilities.

There are known “inventions” created by
overly excited and unstable individuals. For
example, many transformations are often
advertised but never proven, such as the
conversion of water into automotive fuel or

unsupported movements using unbalanced
rotating bodies.

Appendix 7. The complete list of positive factors
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2. Evaluation of the invention's 3. Evolutionary potential | 4. Determination of the

technical level of invention invention's commercial value

2.1. Technology maturity 3.1. System's position on S- | 4.1. Invention-related factors
curve

2.2. Problem novelty 4.1.1. Factor of understanding
3.2. Evolution of useful
functions

2.4. Limitations on system changes 33. Elimination of unde- 4.1.3. Risk factors

2.5. Changes to the system design sired functions and side | 4.2. Market-related factors
effects as§ociated with 4.2.1. Market scale
useful functions

2.3. Solution novelty 4.1.2. Invention completeness

2.6. Changes to the system functions

2.7. Changes to the system ) 4.2.2. Market diversification
processes 3.4. Changes in human
involvement 4.2.3. Time and cost of imple-
2.8. Changes to the system proper- mentation

3.5. Evolution of system

ties, parameters, or characteristics adaptability 4.3. Patent-related factors

2.9. Changes to the super-system(s .
& Per-sy (s) 3.6. Evolution of the re- | 4.3.1. Degree of protection

2.11. Resolved contradictions 3.7. Evolution of generated | 43 3. Authorship
resources

4.4. Assignee-related factors
3.8. Integration/structuring
4.4.1. Relevance to company

3.9. Involvement of new en- core competence

abling technologies
4.4.2. Prospects for

implemen- tation
4.4.3. Licensing prospects

4.5. Return on investment
(ROI)

171



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, 2025, Jeju Island, South Korea

Appendix 8. Evaluation diagrams (software generated)

| Eactor Weight | Level
| 2.1. Technology maturity 8 4
| 2.2. Problem noveity ] 4
.« 11 2.3. Sciution novelty S Not
used
2.4 Limitaions on system changes 8 3
| 2.5. Changes to the system design _ 8 3
2.6. Changes to the system 8 3
| functions
2.7. Changes to the system 8 3
2.8. Changes to the system 8 3
properties, parameters or
acternslics
2.9. Changes 10 the super- 10 2
S 8)
2.10. Utilized informaton 6 2
11 8 4
Overall Evaluation 4 .18
Fig. 7. Screenshot of the map of the invention’s technical level
Factor Weight | Level
4.1.1. Factor of understanding 3
4.1.2. Invention completeness 6 Not
N used
4.1.3. Risk factors 8 2
4.2.1. Markel scale 10 S
4.2 2. Market diversification (<) S
4.2.3. Time and cost of 10 5
4.3.1. Degree of protection 10 Not
used
4.3.2. Paltemt age 8 Not
used
4.3.3. Authorship 8 Not
used
4 4.1. Relevance to company core | 10 Not
competence used
4.42. Prospects of implementation | 10 Not
used
4.4.3. Licensing prospects [ Not
used
4.5. Return on invesiment (ROI) 10 )
Overall Evaluation 5.54

Fig. 8. Screenshot of the map of the invention’s commercial value
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. 3.1. System's position on S-curve

3.2, Evolution of useful functions

| Factor .V)!_?‘Q!'L_ | Level

I8 11

10 3

6 3
luncbons and side effects

{ | associated with useful functions
3 4. Changes n human

mvolvemem =
3 5. Evolution of system

O!

:
| 3.3. Eimination of undesired |
| 58
}

ad_o_ptabomy 3
| 3.6. Evolution of resources

= E 1 application
| 3.7. Evolution of generated
| rescurces

| 3.8 Integration/structuring

['3.9. Involvement of new enabung
| technologies i
[ Overall Evaluation | 4.72

Appendix 9. Case study: Workforce reduction (I0CM)

Completed SAQ

1. Brief description of the challenge/situation: The original problem statement.

2. Primary Objective: Reducing the bloated government agency size at a reasonable cost and
with minimal pain to employees.

3. Information about the system
3.1 System name: Government agency
3.2 System structure:

Top management
Departments
Department heads
Supervisors

Senior employees
Junior employees
Probation employees

3.3 System functioning: Offering a generous buyout package guaranteeing 8 months' salary. A
sizable number of employees took the package.

3.4 System environment: Multiple layoffs in other government organizations.
4. Information about the situation
4.1 Challenge that should be resolved: Workforce reduction targets are not met.

4.2 Factors causing the problem/challenge: People are concerned about finding another job
after the package payments are made.

4.3 Consequences of unresolved situations: High government spending leads to enormous
government debt.

4 .4 History of the challenge: Increasing the number of people voluntarily accepting the buyout
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package. Workforce reduction targets are met with minimal possible costs and unhappy
employees.

5. Ideal vision of solution: Increasing the number of people voluntarily accepting the buyout
package. Workforce reduction targets are met with minimal possible costs and unhappy
employees.

6. Allowable changes to the system: Drastic changes are possible.
7. Criteria for selecting solution concepts:

® Cost of buyout packages’ increase limit - 10%
e Minimal number of unhappy employees.

8. Additional information: n/a.

CAE diagram
sizable ( High enormous
. workf 1
quantity e T governmen governmen
of e \_t spending t debt
)
cg)(faf:;r;gu : workforce ) ( A
Birens reduction higher
\_targets are \_ Y,
i ) )
guaranteeing 8- People are increasing
month salary concern about the buyout
finding package
)
multiple increase the increasing
layoffs in amount of motivation
other people to take the

Fig. 10. CAE diagram for the Workforce reduction

Directions for solutions for the Case Study Workforce reduction (software-generated)
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Abstract

Generative Artificial Intelligence(Generative Al) systems such as ChatGPT leverage large-scale data
learning and natural language understanding to effectively address diverse user inquiries, thereby
positioning themselves as transformative tools for R&D. However, their utilization raises critical
concerns regarding data protection and confidentiality, as these models may expose users to privacy
risks inherent in Al-driven interactions. As a countermeasure of this issue, this study proposes utilizing
Function-Oriented Search (FOS), a particular methodology based on Theory of Inventive Problem
Solving(TRIZ). FOS presents an innovative approach to problem solving by abstracting the essence of
a problem - defining it functionally and generating solutions from different domains where the
function can best be performed. When using Generative Al, thus, this study argues that FOS would
ensure proper results while mitigating the exposure of sensitive information. Although implementing
FOS to identify and conceptualize problem focus areas requires specialized training and sufficient
hands-on experience, this study suggests that Generative Al can serve as an efficient tool for
developers who adopt FOS. The use of Generative Al enables not only FOS experts but also non-
experts to conduct efficient and comprehensive problem explorations and devise solutions. By
demonstrating the application of FOS in practical cases, this study’s findings support the potential
benefits of Generative Al as a dynamic collaborator in problem solving. The findings also showed that
FOS can generate suitable solutions by using Generative Al while maintaining the protection of

personal or corporate information. This study contributes to the emerging field of Al by demonstrating
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the potential synergy between TRIZ's FOS and a Generative Al model — specifically, one exemplified

by ChatGPT.

Keywords: ChatGPT, Confidentiality, Data Protection, Function Oriented Search, Generative Al, TRIZ
Introduction

The field of artificial intelligence has been developing rapidly in recent years. In particular, Generative
Artificial Intelligence has garnered significant attention due to its machine learning algorithms based
on large-scale language models and conversational interfaces. Generative Al's ability to produce
human-like text not only enables personalized user interactions but also finds applications in areas
such as customer service, education, and healthcare [1,2]. It can also be used as a versatile tool for

complex problem solving, research, and development [3,4].

However, despite these benefits, Generative Al has certain limitations, including privacy and security
threats, bias and misuse, and consequences of misinformation [5,6,7,8]. In particular, this study raises
the issue of unintentional exposure to sensitive data. The inherent risks of unintentional data exposure
range from privacy breaches to corporate confidentiality leaks to intellectual property theft issues.
Therefore, there is an urgent need to explore methodologies to leverage the capabilities of Generative

Al while ensuring the protection of personal or sensitive data.

The main purpose of this study is to apply TRIZ's Function-Oriented Search (FOS) as a countermeasure
to these vulnerabilities. More specifically, there are two objectives of this study. The first objective is
to scrutinize the potential of implementing FOS, a specific methodology within TRIZ's systematic
problem solving approach. Distinguished by its function-oriented perspective, FOS focuses on defining
problems in functional terms and searching and adopting solutions across diverse areas. By reframing
the challenge of data protection within the context of FOS, this study aims to elucidate whether this
methodology can ensure the generation of accurate and relevant responses from Generative Al
without compromising sensitive data. The second objective is to examine how the integration of FOS
and Generative Al enables efficient and comprehensive problem exploration and solution devising.
This innovative solution aims to improve users' problem solving abilities, not only for FOS experts but
also for developers unfamiliar with FOS. We demonstrate a synergistic collaboration between
Generative and TRIZ's FOS to achieve our research goals. The case study in this research was

conducted using ChatGPT, a prototypical model of Generative Al.
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Literature Review

Generative Al and its limitations

Developed by OpenAl, which has garnered the most attention for its large-scale language machine
learning and interactive Generative Al, Generative Al is a Generative Pre-trained Transformer that
works based on advanced machine learning algorithms. Its remarkable ability to understand and
generate human-like text by learning from vast amounts of data allows it to provide meaningful
responses to a wide variety of prompts, giving it the potential to be applied in a variety of fields,

including coding, nursing, tourism, writing, publishing, and more [1,2,6].

However, Generative Al has some limitations. One of the major limitations of Generative Al is that
it generates responses based on patterns it learns from training data. Since Generative Al does not yet
fully capture the nuances of human language and social media communication, its ability to
understand contexts is limited. This means that it may provide inappropriate or meaningless
responses in complex or ambiguous situations [1]. Data protection is also a hot topic as Generative Al
becomes more popular. In the case of ChatGPT used in our case study, since it is designed to learn
from data accumulated within OpenAl, there exists a risk of unintentionally infringing on privacy or
exposing sensitive information [6]. This vulnerability is a notable obstacle to its wider application, and
this study attempts to overcome this obstacle using TRIZ's Function-Oriented Search (FOS)

methodology.

TRIZ and FOS

TRIZ (Theory of Inventive Problem Solving), developed by Genrich Altshuller in the 1940s, is a
systematic methodology for understanding and solving complex problems [9,10]. TRIZ converts the
specific problem to be solved into a general problem model through abstraction and formalization
and finds the corresponding general solution model. Then, it presents systematic problem solving
methods such as solving specific problems through analogy and interpretation of the general solution

model [11,12,13,14]. One of the core techniques in Modern TRIZ is Function-Oriented Search (FOS).

FOS is a method that translates key problems into a functional language, formulating generalized
functions to find technical solutions from other areas and transferring existing technologies to address
the initial problem [15]. As shown in Fig 1, FOS is based on TRIZ, and its problem-solving process is

analogous to that of TRIZ [16].
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Fig. 1. TRIZ's general problem solving process vs. FOS's process [16]
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FOS procedure, which is based on TRIZ's general problem solving process, is as follows [17,18]: 1)
identify the target problem; 2) abstract the target problem into a conceptual problem and generalize
it into a functional language; 3) search the existing solution by using a Function-based Technology

Database (Leading Area); and 4) apply the existing solution to the target problem.

In other words, by defining and abstracting the essence of the problem as a function that needs to
be performed, FOS expands the solution search to various areas where the identified function can
best be executed. FOS deviates from conventional problem-solving methodologies which largely
depend on pre-existing solutions within the immediate problem domain. While many prevailing
strategies draw from cases that have addressed analogous challenges, FOS distinctively characterizes
the problem in functional terms. This broadened search may lead to innovative, cross-disciplinary
solutions that might not have been recognized if the problem remained contextualized within its
original field. It then seeks resolutions in alternative fields where that particular function is optimally

executed.

Several studies have attempted to implement FOS using data mining techniques [17,18]. These
attempts are noteworthy in that they provide an algorithmic solution to using FOS, but they present

another barrier for users who are not familiar with the technology in this area.

TRIZ methodologies, including FOS, require extensive training and practice. We suggest an approach
to implementing FOS using Generative Al(specifically exemplified by ChatGPT), regardless of the user's

level of expertise.
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Methodology

FOS solves problems by abstracting them away, using functional terms instead of specific terms that
might reveal product brands or problem targets. This strategy not only broadens the scope of
troubleshooting, but it's a process that can protect sensitive details from being exposed. In addition,
FOS's propensity to look beyond the immediate problem situation for solutions, coupled with
ChatGPT's ability to access a wide range of knowledge, creates synergy that improves both the

efficiency of troubleshooting and data security.

For the purpose of this study, we design an FOS implementation using ChatGPT. We examine the
applicability of ChatGPT's solution from the perspective of TRIZ's FOS and validate the study by

comparing it with actual development cases.
The specific procedure for this is as follows:
(1) Describe the case study.
(2) Design and implement ChatGPT prompt engineering from a FOS perspective.

(3) Evaluate the results of ChatGPT from and compare them to real-world problem solutions to

demonstrate the effectiveness of FOS implementation using ChatGPT.

In this study, the above process was performed using ChatGPT Plus (GPT40).

Case Study: Direct Metal Layer Deposition for Cooling Mobile AP
Chips

Description of Case Study

This case study focuses on a real-world problem frequently encountered in the development of
mobile devices: the overheating of application processors (APs). As the main processing unit in
smartphones and tablets, the AP plays a crucial role by coordinating key functions across the device—
handling everything from system performance and power management to communication and

multimedia operations. In many ways, it acts like the brain of the mobile system.

As devices continue to evolve with more powerful processors and compact designs, the issue of heat
buildup has become more pressing. When APs generate excessive heat during operation, devices
respond with thermal throttling, a built-in mechanism that slows down processing speed to prevent
damage. While this protects the hardware, it often results in noticeable performance drops—such as

lag during gameplay or delays when launching apps. In some cases, the surface temperature of the
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device becomes uncomfortably high, diminishing the user experience and raising safety concerns.

Given these challenges, there is a growing need for thermal management solutions that are not only

technically effective but also feasible in terms of cost and integration into existing hardware designs.

This study explores one such possibility: direct metal layer deposition. By improving the way heat is

distributed and dissipated, this approach holds promise as a material-based solution for stabilizing AP

performance and maintaining user comfort in high-performance mobile devices.

Review of Existing Cooling Methods in Mobile Devices

Mobile devices mainly use passive cooling due to space, cost, and power constraints. These systems

have no moving parts and are valued for their simplicity and efficiency. Some high-end models use

active cooling, like micro fans or thermoelectric units, but these are rare because of noise, energy use,

and design challenges.

This section briefly compares key mobile cooling techniques, focusing on performance, complexity,

and usability. Table 1 summarizes the methods [19,20].

Table 1. Table Title, no full stop at the end

Cooling Method

Thermal Performance

Cost & Complexity

Suitability for Mobile

Material (Passive)

bursts; delays throttling

integration with pads or

Devices
Graphite Sheet High in-plane heat | Low cost; ultra-thin and | High — Standard in most
(Passive) spreading (700-1950 | lightweight; easy to | smartphones; flexible and
W/m-K) integrate power-free
Vapor Chamber Excellent spreader via | Medium to high cost; | High (flagship models) —
(Passive) phase change; effective | vacuum-sealed; thicker | Enables sustained
conductivity >5,000 | (0.4-1 mm) performance
W/m-K
Phase Change Absorbs short thermal | Low cost; simple | Medium — Promising but

uncommon; suited for

peak load smoothing

Micro Fan Cooling

(Active)

Actively  cools  chip;

lowers temp significantly

inserts
Medium to high cost;
moving parts; adds

thickness and power use

Low — Used in gaming
phones only; adds noise

and reliability concerns

Thermoelectric

Cooler (Active)

Can cool below ambient;
theoretical high

performance

High cost and power draw;

complex integration

Very Low — Not used

internally; limited to

external accessories
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Graphite sheets and vapor chambers are widely used passive cooling solutions in mobile devices for
their thin profiles and reliable performance. They help regulate device temperatures under typical
workloads. However, rising processor power makes it harder for these methods to meet thermal

demands, especially during extended use.

To support future mobile performance, new cooling technologies are needed that improve heat

dissipation without compromising space, power efficiency, or integration requirements.

Review of Existing Cooling Methods in Mobile Devices

Thermal analysis shows that the central processing unit (CPU) within the application processor (AP)
chip is the primary source of heat in mobile devices. Similar to desktop CPUs, mobile CPUs manage

essential functions such as operating system tasks, applications, and data processing.

Considering the limitations of existing cooling solutions, this study proposes directly applying a metal
heat-spreading layer onto the AP chip surface. This approach distributes CPU-generated heat over a

larger area, significantly improving thermal management and reducing hotspots.

Unlike traditional methods, which involve attaching separate copper foils or heat sinks with thermal
paste, this method employs in-situ metallization directly onto the inactive side of the silicon die after
packaging. A thin, high-conductivity metal, such as copper or aluminum, is bonded closely to the
silicon, forming an integrated mini heat spreader. This configuration reduces thermal resistance,

enhancing overall thermal efficiency and device performance.

However, implementation faces several challenges:

Manufacturing Constraints: Avoiding thermal damage during the metal deposition process.

Cost and Scalability: Ensuring the process is economically viable and compatible with mass
production.

To address these challenges, the FOS approach was employed to identify suitable metal deposition
technologies from other domains, considering the specific constraints of consumer electronics

manufacturing.

FOS in ChatGPT Prompt Engineering

In this study, ChatGPT was assigned the role of a TRIZ expert, particularly emphasizing FOS [21].
Initially, the primary technical challenge—overheating of the application processor (AP) chip—was
clearly articulated. The problem was subsequently narrowed down to focus specifically on depositing

a thin metal film directly onto the chip surface.
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Following a systematic procedure, the standard FOS methodology was outlined and presented
explicitly to ChatGPT. Furthermore, the prompt engineering strategy incorporated a flipped
interaction model, enabling ChatGPT to actively pose clarifying questions. This dynamic interaction

facilitated the generation of precise, context-specific, and practical solutions.

You are an expert in applying Function-Oriented Search (FOS)
methodology. Apply this methodology to the following technical
challenge: "Form a metal layer on a semiconductor chip surface under
strict constraints: no heat, low cost, high throughput, and process
simplicity.”

Apply FOS thinking - ask yourself, in what other fields or industries a
similar function is required under the same constraints? Where is this
challenge even more critical, possibly due to cost, material limitations,
or production scale?

Use the FOS algorithm as previously discussed. Do you understand
your assignment? Please reply with yes or no

v

Yes,

Fig. 2. Prompt Engineering with ChatGPT: Applying FOS to the Metal Layer Deposition Problem

Figure 3 illustrates the initial prompt and the first stage of the FOS process as executed by ChatGPT.
Following this step, ChatGPT suggested relevant technologies drawn from diverse fields, including
medical devices, aerospace, and industrial sensors, demonstrating the cross-disciplinary advantages

of the FOS approach.
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Please apply FOS algerithm step-by-step and identify specific
technologies from other domains where similar functions are critical

Let's now rigorously apply the Function-Oriented Search (FOS) methodology step-by-step to identify
specific technologies from other domains where similar functions are critical — that is, applying a metallic

layer to a heat-sensitive surface under low-cost, high-throughput, and simple process constraints.

| STEP 1: Define the Specific and Abstracted Function

+ Specific Function:
Apply a thin, conductive metal layer onto a semiconductor chip surface with constraints:
* Mo thermal damage {low/no heat)

*  Low process complexity

* High throughput

* | ow cost

+ Abstracted Function:

Deposit or bond metal onto a fragile, heat-sensitive substrate using a non-thermal, scalable, and cost-
effective method.

This abstraction allows a wide, cross-industry search for analogous processes.

Fig. 3. Example of the Initial Prompt and ChatGPT’s Execution of the First Step in FOS Process

In step four of the FOS algorithm, ChatGPT compiled and summarized technologies from various
industry sectors. Figure 4 illustrates this synthesis, showcasing diverse technological solutions and

underscoring the effectiveness of the FOS approach in facilitating cross-industry innovation.
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{71 FOS Step 4: Cross-Industry Technology Comparison
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Fig. 4. Evaluation of Identified Technologies

Electroless plating was excluded from further analysis due to its reliance on wet chemical processes,
which are incompatible with the dry and precision-driven workflows typical of mobile device

manufacturing.

At Step 5 of the Function-Oriented Search (FOS) process, ChatGPT offered targeted support in
formulating a proof-of-concept process flow or preparing a technical justification document. This
contribution focused on demonstrating how cold spray technology—identified as a viable candidate—
could be effectively integrated into semiconductor packaging operations. The proposed integration

strategy is illustrated in Figure 5.

[ STEP 5: FOS-Based Conclusion & Recommendation

Based on the FOS methodology and cross-domain evidence:

[ Cold Spray technology is strongly validated as a functionally superior method for forming a metal
layer on thermally sensitive semiconductor chips.

ltis:
* Proven in multiple industries for low-temp, high-adhesion metallization
+ Mechanically robust, clean, and directional {perfect for chip top or backside)
» Adaptable to automated, chip-scale systems

+ Ready for pilot development as a post-packaging metallization step

Would you like help creating a proof-of-concept process flow or a technical justification document

showing how cold spray can be integrated into a sern . nductor packaging line?

Fig. 5. FOS-based Conclusion and Recommendation
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Cold spray, or supersonic particle deposition, is a solid-state coating process ideal for heat-sensitive
applications. Metal powders are accelerated to 500-1500 m/s using pressurized gas (e.g., nitrogen,
argon, helium) through a de Laval nozzle toward a substrate. Unlike thermal spray, the particles do
not melt. Instead, they bond mechanically through plastic deformation on impact, preserving the

substrate’s structure. This is particularly useful for electronics requiring minimal thermal stress.

The result is a dense, uniform coating formed by high-velocity particle consolidation. Figure 6

illustrates the process and its relevance to advanced thermal management.
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Fig. 6. Schematic of the cold spray process

Main Takeaways

This project was originally carried out prior to the widespread adoption of ChatGPT. At that time,
identifying cold spray technology as a potential solution required approximately six weeks of manual

research and cross-domain investigation.

Today, by leveraging the combined power of FOS and Generative Al such as ChatGPT, similarly
innovative solutions can be generated much more efficiently—often within just a few hours. This
demonstrates the transformative potential of integrating structured problem-solving methodologies

with advanced language models.

The application of cold spray for metal layer deposition is formally described in Korean patent
KR102424402B1 and its related filings. Figure 6 provides an illustrative excerpt from the associated

patent documentation [22].
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Fig. 7. Cold Spray Coating Application for AP Chips, as Described in Patent KR102424402B1 [22]

Conclusion

Recent advancements in Al have significantly transformed the nature of human—Al collaboration. Al
is now increasingly recognized not as a replacement for human creativity but as a complementary tool
that enhances cognitive processes and facilitates innovation across disciplines [23,24]. As Cropley et
al. [25] suggest, understanding and fostering the synergy between human insight and Al reasoning is

essential for realizing the full potential of this collaboration.

This study contributes to this growing body of work by demonstrating the integration of Function-
Oriented Search (FOS) with ChatGPT to support technical problem solving. The major contributions

are as follows:

(1) FOS Integration via Generative Al: Through a case study on metal deposition for application
processor (AP) cooling, the study shows that ChatGPT can effectively implement FOS methodology.
This highlights the potential of large language models to facilitate structured innovation processes,

not just open-ended dialogue.

(2). Improving Data Security Through Functional Abstraction: FOS reframes problems in generalized,
function-based language, which minimizes the exposure of proprietary or sensitive information. This

abstraction serves as a valuable strategy for balancing innovation with data protection.

(3). Expanding Access to Expert Methodologies: Traditionally, effective use of FOS requires domain
expertise and methodological training. By guiding users through the process interactively, ChatGPT
democratizes access to structured problem-solving tools, enabling broader adoption across education,

research, and industry.
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However, the study has limitations. It centers on a single in-depth case, which restricts
generalizability. Additional empirical studies are needed to validate these findings across diverse
applications. Moreover, while the synergy between FOS and ChatGPT is promising, further work is

required to refine its usability—particularly through user-centric interfaces and workflow integration.

Future research should aim to develop intuitive tools—such as plug-ins, web-based interfaces, or
mobile apps—that embed FOS logic into ChatGPT interactions. Such tools could accelerate the
adoption of function-based innovation practices in fields ranging from semiconductor design to

advanced manufacturing.

Since the launch of ChatGPT in November 2022, its rapid adoption has opened new opportunities
for structured, Al-assisted creativity and engineering. This study demonstrates one such pathway and
serves as a foundation for future interdisciplinary exploration into the fusion of TRIZ methodologies

and Generative Al.
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Study on improvement of removal of fine
foreign matter in wire bonding process using
TRIZ-based ARIZ-85C

Kwang Ho Lee
SK Hynix Semiconductor

Abstract

In the semiconductor packaging process, the wire bonding stage is a critical operation that establishes
electrical connections between the chip and the lead frame or substrate. Recently, as semiconductor
packages have become more miniaturized and high-density, fine particle contamination on the chip
surface has emerged as a significant cause of bonding defects, leading to reliability degradation and
yield loss. Particularly, fine particles smaller than 10 um are difficult to remove using conventional air
blow and suction techniques, often resulting in adhesion to the chip surface and subsequent failures

such as wire lift, cracking, and electrical shorts.

This study applies TRIZ (Theory of Inventive Problem Solving), specifically the ARIZ-85C analytical
framework, to systematically analyze the problem of fine particle contamination during the wire
bonding process. Through function analysis, technical and physical contradictions are identified, and
the Ideal Final Result (IFR) is defined. Furthermore, applicable TRIZ standard solutions are derived to
propose improvement strategies that minimize particle adhesion while preventing chip damage. The
results suggest that by optimizing process timing, integrating electrostatic control, and applying
advanced removal techniques such as ultrasonic vibrations or ionized air, it is possible to achieve high-

reliability bonding with minimal additional process complexity.

Keywords: Wire Bonding, Foreign Material, TRIZ, ARIZ-85C, Function Analysis, Technical Contradiction,

Physical Contradiction, Ideal Final Result

Introduction

In the semiconductor packaging process, wire bonding is a key process that electrically connects
chips and lead frames or substrates. In this process, metal wires (usually Au or Cu) are connected to

bonding pads using the combined energy of heat, pressure, and ultrasonic waves. Among the various
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factors that affect bonding quality, the most representative one is foreign material (FM). In particular,
fine foreign matter smaller than 10um is not completely removed by the air blow and suction systems
of existing equipment, and if foreign matter remaining in the blind spot (blind spot in the equipment
structure) attaches to the bonding pad, it causes wire attachment failure, electrical open or short,
cracks, etc. In this paper, we approach this problem with the ARIZ-85C structure, which is the core of
TRIZ theory, to organize technical and physical contradictions, and to derive a realistic improvement
plan based on the ideal solution (IFR: Ideal Final Result). and as shown in Figure 1 below,
semiconductor PKG products require urgent improvement due to the limitations of foreign matter

removal technology of less than 10 micrometers in size due to Thin Die and High Stack.

Fig. 1. Problem situations due to foreign substances

Thin Die

High Stack ®—Foreign Matter
 r 4

. K M K )

Substrate Chip Crack

Caused by Foreign
Matter

For foreign substance analysis using TRIZ

TRIZ's ARIZ-85 was adopted to analyze foreign substances in the package wire bonding process

Problem definition and minimal problem derivation

Problem definition is the first step of TRIZ's ARIZ-85C structure, and the key is to clearly establish

the minimum problem. The minimum problem in this study is stated as follows:

"Foreign substances smaller than 10um on the chip surface are not removed even when using air blow

and suction, resulting in poor bonding and chip damage."

This means that the function of the existing removal technology is incomplete, which causes physical
and electrical defects between the chip surface and the wire joint. If the complexity of the problem is
reduced and analyzed to narrow down the foreign substances to be removed, the removal method
(air/suction), and the target of damage (chip surface), the technical contradiction for solving this

problem is more clearly derived.

192



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, Jeju Island, South Korea

Functional analysis and technical contradiction diagramming

Function Analysis is a TRIZ tool that identifies the essence of a problem by deriving the helpful and
harmful functions of elements within a system. Air Blow performs the useful function of removing
foreign substances, but at the same time, it has the harmful function of impacting the chip surface,
and Suction operates as an imperfect function with low removal efficiency. The technical contradiction
at this time can be stated in the form of 'Foreign substances are removed only when the pressure is
strong, but the chip is damaged when the pressure is strong.' This contradiction can be expressed

visually as follows:
[Air Blow] > (+) [Foreign Matter Removal] = (-) [Chip Damage]
[Suction] = (+) [Partial Removal] / (-) [Efficiency Decrease - Blind Spot Existence]
[Foreign Matter] = (-) [Chip Reliability Decrease, Cracking, Yield Loss]

Table 1. Defining components and functions

Components Useful Functions Harmful Functions
Air blow Removes Foreign Matter Chip Damage
Suction Absorbs Foreign Matter Blind Spot Exists
Foreign Matter - Chip Surface Contamination and Cracking
Chip Surface - Damage and Deterioration of Reliability

Modeling complex contradictory systems and problems

The problem is not a single technical contradiction, but a '‘compound contradiction system' in which
multiple harmful functions and incomplete functions coexist. If TRIZ's S1~S4 model is applied, it can

be modeled as the following structure:

- S1: Air Blow (agent attempting to remove)

- S2: Foreign body (target of removal)

- S3: Chip surface (victim of damage)

- S4: Suction and structural constraints (removal assistance system)

To solve it, it is necessary to apply standard solutions such as harmful function removal (1.2.1),
function neutralization (1.2.2), or condition-based separation (2.1.2), or to convert it to a physical

contradiction.
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Table 2. ARIZ System Model Configuration (S1~S4)

Components Model Element Roles and Definitions

S1 Air Blow

(with foreign matter removal function and harmful function at the same

time)
S2 Foreign matter (removal target)
S3 Chip surface (damage target)-
sS4 Suction and structural restriction device -

Operating Area and Time Analysis

OZ(Operating Zone) is the spatial location where a problem occurs or is resolved. In this case, the
nozzle tip, the boundary with the chip surface, and the blind spot are the main operating areas.
OT(Operating Time) is the time or section where a problem occurs in the process. In this case, it is the
T2~T3 section before the foreign matter is attached to the chip. If the air blow or suction does not
work sufficiently at this time, the foreign matter is completely attached to the chip, making
subsequent removal virtually impossible. Therefore, precise control of the operating time and

operating section is a key factor in improving process reliability.

Table 3. Detailed definition of 0Z/OT

category Description
Operating Zone Around the nozzle, chip surface boundary, and Blind Spot
(02)
Operating Time Process point before foreign matter is attached, between T2 and T3
(OT)

Resource Analysis and Material/Field Exploration

Analyzing resources to solve problems is one of the core processes of TRIZ. The resources available in

0Z and OT are classified as follows:
- Substances: air, chips, foreign matter, nozzle material, anti-static coating

- Fields: air flow, static electricity, electric field, ultrasound, mechanical vibration, thermal field
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In particular, static electricity or the Van der Waals force between nano particles is the cause of
strong adhesion of fine foreign matter to the chip surface, and in order to control them, it is necessary

to introduce new fields such as electric fields or ion plasma.

Table 4. Resources available in 0Z/OT

Resource types Examples
Substances Air, foreign matter, chips, nozzle material, static remover
Fields Static electricity, electric fields, ultrasound, mechanical vibration, heat

Deriving the Ideal Result (IFR)

IFR (Ideal Final Result) is a core concept of TRIZ that defines the ideal result state.

- IFR-1: “Foreign substances are automatically removed in a non-contact manner, the chip is not

damaged at all, and the process speed is not reduced.”

- IFR-2: “Foreign substances do not adhere to the chip surface, and even if they do, the chip detects

and removes them autonomously, and this process is repeated without additional equipment.”

In order to realize this ideal result, the introduction of ultrasonic vibration, surface repulsion control,
and artificial intelligence-based detection and control systems is required beyond the current

mechanical method (Air/Suction).

Definition of Physical Contradiction and Resolution Strategy

In TRIZ, a physical contradiction occurs when the same object must have contradictory

characteristics at the same time. In this study, the following physical contradiction is derived:
- “Air must be strong (to remove foreign matter), but weak (to prevent chip damage)”

To solve this, TRIZ applies temporal separation, spatial separation, conditional separation, material
state transition, energy conversion, etc. For example, this contradiction can be solved by operating
strong Air only at a specific time or location.Function Analysis is a TRIZ tool that identifies the essence

Conclusions

Application of TRIZ standard solution

Among the 76 standard solutions of TRIZ, the standard solutions applicable to this study are as follows:
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- 1.2.1: Elimination of harmful functions (e.g., installation of chip protection film)

- 1.2.2: Neutralization of harmful functions (e.g., electrostatic control)

- 2.1.2: Condition separation system (air control after condition detection)

- 3.1.3: Introduction of intermediate medium (intermediate foreign matter collection filter)

- 4.1.1: Evolution to a composite system (simultaneous use of suction + ion wind + ultrasound)

Conclusions

This study applied TRIZ's ARIZ-85C analysis to identify the fundamental problem structure for the
micro-foreign matter problem occurring at the wire bonding stage of the semiconductor packaging
process, and presented an ideal solution and a contradiction resolution strategy for solving it. In
particular, it emphasized the importance of improving the removal structure, controlling static
electricity, and controlling energy according to the process timing through a systematic approach
rather than the existing approach of simply controlling air pressure. It is necessary to examine the
technological feasibility of ultrasonic vibration, plasma ion cleaner, and nano-foreign matter induction
technology through future experiments, and it is expected that it will ultimately evolve into an artificial

intelligence-based automatic detection and removal system.
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Abstract

Addressing the challenges of subjective component selection and difficulty in identifying hidden
factors in traditional TRIZ functional analysis for complex systems, this paper proposes the Flow and
Attribute-based lIterative Functional Analysis (FGIFA) method. This approach guides component
screening through systematic flow analysis and deepens understanding of problem roots through
quantifiable attribute priority ranking and co-functional analysis frameworks. Comparative case
studies demonstrate that FGIFA has significant advantages in diagnostic accuracy and efficiency,

providing systematic methodological support for innovative design of complex systems.

Keywords: TRIZ; Functional Analysis; Flow Analysis; Attribute; Co-function

Introduction and Literature Review

Research Background

TRIZ functional analysis is a core tool for innovative design that identifies harmful and insufficient
functions in systems by constructing functional models [1]. However, in modern complex engineering

systems, traditional functional analysis faces the following challenges:

Subjective component selection: Lack of objective criteria may lead to omission of key components or

inclusion of irrelevant ones in analysis [2]

Static analysis limitations: Difficulty in capturing dynamic changes and flow interactions during system

operation [3]

Difficulty in identifying hidden factors: Traditional methods mainly rely on expert experience and

easily overlook non-obvious root causes [4]

Related Work Review

Important research foundations exist in the integration of flow analysis with functional modelling:
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Yu. Lebedev's Integrated Flow and Function Analysis [5,6] proposed a framework for mapping material
flow, energy flow, and information flow to functions, emphasizing the importance of flows in system
analysis. This method provided theoretical foundation for this research but has development potential

in the following aspects:

. Lacks quantitative attribute assessment mechanisms
. Has not established systematic hidden factor identification methods
. Lacks formalized iterative optimization processes

Other related research includes:

. Network analysis methods [7]: Analysing component relationships through graph theory, but

with high computational complexity
o Fuzzy logic methods [8]: Handling uncertainty but with strong subjectivity

o Ontology methods [9]: Complete knowledge representation but difficult maintenance

Contributions of This Paper

Based on existing research, the original contributions of this paper include:

1. Quantitative attribute analysis framework: Establishing a three-dimensional scoring system of

impact-measurability-controllability, providing objective basis for attribute priority ranking

2. Co-functional analysis method: A structured framework for systematically identifying intrinsic,

extrinsic, hidden, and coupling factors

3. Iterative pivot mechanism: Formalized problem repositioning and analysis focus shifting
process

4. Complete FGIFA methodology: Five-stage repeatable process integrating the above
innovations

FGIFA Methodology

This paper aims to:

Core Concept Definitions

Flow: The transmission and state change process of carriers in systems, including:

. Material Flow: Transmission and transformation of substances
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. Energy Flow: Transmission and transformation of energy
. Information Flow: Transmission and processing of information

Attribute: Measurable physical quantities or engineering parameters describing the intrinsic

characteristics of flows during transmission processes, such as temperature, pressure, viscosity, etc.

Co-function: Functions performed by various factors affecting dominant attributes, including useful

functions, harmful functions, and bidirectional functions.

Flow-Attribute-Component Relationship Framework

The core logic chain of FGIFA is: Dominant Flow = Key Attributes - Core Components

Flow Types
(Material / Energy / I — Dominant Flow —> Key Attributes

Information)

Functional & Co.-functlonal Critical Components
Analysis

)

Figure 1: Flow-Attribute-Component Relationship Framework
Material/Energy/Information Flow - Attributes 1,2,3... > Components A,B,C...

N Nz N

Flow Analysis Attribute Scoring Component Screeningte

Detailed FIFA Five-Stage Process

Stage 1: Problem Positioning and Dominant Flow Identification

Input: Vague problem description

Tools: Flow diagrams, Dominant Flow Decision Matrix

Output: Precise problem statement, dominant flow

Step 1.1: Precise Definition of Harmful Functions

. Transform vague descriptions into measurable harmful function statements
. Format: [Subject]-[Action]-[Insufficient/Harmful Object]-[Receiver]

Step 1.2: System Flow Mapping
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. Draw material flow, energy flow, and information flow diagrams
. Identify starting points, endpoints, and key nodes of flows

Step 1.3: Dominant Flow Decision Matrix

System
Flow Type Problem Relevance(1-5) Analyzability(1-5)
Importance(1-5)

Material Flow P, S Aq
Energy Flow P, Sz Az
Information Flow Ps S3 As

Scoring Criteria:

. Problem Relevance: Degree of direct correlation between flow and harmful function
. System Importance: Degree of flow's impact on overall system performance
o Analyzability: Observability and measurability of the flow

Decision Rule: Select the flow with the highest total score as the dominant flow
Stage 2: Main Functional Analysis

Input: Dominant flow

Tools: TRIZ functional model

Output: Core component list, preliminary functional model

Step 2.1: Component Screening

. Identify all components directly affecting the dominant flow

. Exclude components with no direct relationship to the dominant flow
Step 2.2: Functional Model Construction

. Establish functional relationships between components

Identify useful functions, harmful functions, and insufficient functions
Stage 3: Attribute and Co-functional Analysis

Input: Core components, preliminary functional model

Total Score

T

T,

Ts
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Tools: Attribute scoring table, Co-functional analysis framework
Output: Priority attributes, influencing factor list

Step 3.1: Attribute Identification and Priority Scoring

Impact on Dominant Flow? Msastrabily ¢
High=3 / Medium=2 / L _'1 —> Easy=3 / Moderate=2 /
igh= edium= ow= Hard=1
Total Score = Impact + Controllability?
Measurability + ControllabilltyI High=3 / Medium=2 / Low=1

Figure 2: Attribute Priority Scoring Framework

Attribute > Impact Score(1-3) > Measurability Score(1-3) - Controllability Score(1-3) - Total
Score(3-9)

Scoring Criteria:

o Impact: Degree of influence on dominant flow (3=High, 2=Medium, 1=Low)
o Measurability: Ease of measurement (3=Easy, 2=Medium, 1=Difficult)
o Controllability: Feasibility of engineering adjustment (3=High, 2=Medium, 1=Low)

Step 3.2: Co-functional Analysis

Intrinsic Factors { Hidden Factors

L - J
\4

Dominant Attribute

A
r ‘ B

Extrinsic Factors Coupling Factors

Figure 3: Co-functional Analysis Framework

Dominant Attribute
/P

Intrinsic Factors ¢~ [Core] €—» Extrinsic Factors
/P

Hidden Factors <= Coupling Factors
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Co-functional Analysis Definition: The process of systematically identifying all factors affecting
dominant attributes and categorically assessing their function types, impact intensity, and

controllability.

Analysis Steps:

1. Intrinsic Factor Identification: Inherent characteristics within the system
2. Extrinsic Factor Identification: Environmental and operational conditions
3. Hidden Factor Discovery: Non-obvious but high-impact factors

4. Coupling Factor Analysis: Interactions between factors

Factor Assessment Matrix:

Factor Function Type Impact Intensity(1-3) Controllability(1-3) Priority
Factor A Harmful 3 2 High
Factor B Useful 2 3 Medium

Stage 4: Iterative Optimization and Pivot

Input: Co-functional analysis results

Tools: Root cause repositioning, Pivot decision matrix

Output: Updated problem definition, fundamental contradiction
Step 4.1: Problem Repositioning

o Compare newly discovered root causes with initial problems
. Assess the impact degree and controllability of root causes
Step 4.2: Pivot Decision

Pivot Conditions:

IF (New root cause impact > Current focus impact) AND (New root cause controllability > Threshold)
THEN Execute pivot: Redefine dominant flow/attribute

ELSE Continue current analysis path

Step 4.3: Convergence Judgment

. Analysis converges when iteration no longer discovers more fundamental high-impact factors
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o Confirm the final fundamental contradiction

Stage 5: TRIZ Problem Solving

Input: Fundamental contradiction

Tools: Contradiction matrix, Inventive principles

Output: Hierarchical solutions

Step 5.1: Contradiction Standardization

. Transform fundamental problems into TRIZ technical or physical contradictions
. Standardize using 39 engineering parameters

Step 5.2: Solution Generation

o Query contradiction matrix to obtain recommended inventive principles
o Apply inventive principles to generate specific solutions

Step 5.3: Solution Hierarchization

o Short-term solutions: Quick-implementation improvement measures
o Medium-term solutions: Optimizations requiring certain development cycles
o Long-term solutions: Fundamental innovative designs

Case Studies and Comparative Analysis

Case 1: Poor Automotive Air Conditioning Cooling Performance

Traditional TRIZ Method Analysis

Problem ldentification: Experts identify key components (compressor, condenser, evaporator) based

on experience

Functional Model:

. Compressor = Provides insufficient cooling power - Refrigerant
. Condenser - Inadequate heat dissipation - Ambient air
. Evaporator = Insufficient heat absorption = Cabin air

Potential Causes: Insufficient compressor power, small condenser heat dissipation area, refrigerant

leakage
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Limitations:

. Relies on expert subjective judgment

. Does not consider time factors and hidden problems
. Lacks quantitative assessment basis

FIFA Method Analysis
Stage 1: Problem Positioning

. Precise Definition: Under 30°C ambient conditions, the air conditioning system cannot reduce

cabin temperature to 25°C within 15 minutes

. Flow Mapping: Material flow (refrigerant circulation), Energy flow (heat transfer), Information

flow (temperature control)

. Dominant Flow Decision:
Problem
Flow Type System Importance Analyzability Total Score
Relevance
Material Flow 4 4 3 11
Energy Flow 5 4 4 13
Information Flow 2 3 4 9

Conclusion: Energy flow (heat transfer) is the dominant flow
Stage 2: Main Functional Analysis

. Screen components directly related to heat transfer: compressor, condenser, evaporator,

refrigerant
. Build preliminary functional model (same as traditional method)
Stage 3: Attribute and Co-functional Analysis

Attribute Identification and Scoring:
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Attribute Impact Measurability Controllability Total Score
Heat Transfer Coefficient 3 3 2 8
Temperature Difference 3 3 1 7
Thermal Resistance 3 2 3 8

Co-functional Analysis (with Heat Transfer Coefficient as dominant attribute):

Factor Impact
Specific Factor Function Type Controllability Discovery Method
Type Intensity
Intrinsic Fin design Useful 2 1 Design analysis
Ambient Environmental
Extrinsic Harmful 2 1
temperature monitoring
Condenser Extremely Systematic
Hidden 3 3
fouling harmful exploration

Fan-vehicle speed
Coupling Bidirectional 2 2 Control analysis
matching

Hidden Factor Discovery Process:

1. Systematically check all factors that might affect heat transfer coefficient

2. Field investigation found severe fouling problems in 80% of faulty vehicles

3. Experimental verification: Fouling can reduce heat transfer coefficient by 30-50%

4, Root cause analysis: Fouling accumulates over usage time, difficult to identify with traditional

static analysis
Stage 4: Iterative Pivot

. Problem Repositioning: From "insufficient compressor power" to "time-varying degradation

of condenser heat transfer efficiency"
. Pivot Decision: Fouling factor impact=3, controllability=3, meeting pivot conditions

. New Focus: How to prevent and remove fouling
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. Fundamental Contradiction: Condenser fins need to be dense (increase heat transfer area)

but need to be sparse (prevent fouling blockage)

Stage 5: TRIZ Solutions

Technical Contradiction: Heat transfer efficiency ™ vs Maintenance complexity T

. Recommended Inventive Principles: 2(Separation), 15(Dynamics), 40(Composite Materials)
o Solutions:
o Short-term: Optimize fan control strategy (full speed when vehicle speed <30km/h)

Medium-term: Self-cleaning fin design
o Long-term: Hydrophobic and oleophobic coating technology

Results Comparison:

o Diagnosis time: Traditional method 14 days = FIFA 8 days (43% reduction)
o Cooling time: Optimized from 15 minutes to 8 minutes (47% improvement)
o Customer satisfaction improved by 40%

Case 2: Unstable 3D Printer Print Quality

Traditional TRIZ Method Analysis

Problem Identification: Experts identify heating block, nozzle, extruder, heated bed as key

components

Functional Model:

. Heating block = Provides unstable heating - Plastic filament
. Nozzle - Uneven extrusion - Molten plastic
. Extruder = Inappropriate pushing force - Plastic filament

Potential Causes: Unstable temperature control, mechanical precision problems, material quality

issues

Limitations:

o Ignores changes in dynamic processes

. Does not identify hidden factors like carbon buildup

. Lacks coupling factor analysis
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FIFA Method Analysis

Stage 1: Problem Positioning

. Precise Definition: Dimensional deviation >0.2mm and poor interlayer bonding when printing
height >50mm
o Dominant Flow Decision:
Problem
Flow Type System Importance Analyzability Total Score
Relevance
Material Flow 5 4 3 12
Energy Flow 4 3 4 11
Information Flow 3 4 5 12

Conclusion: Material flow (plastic state change) is the dominant flow

Stage 2: Main Functional Analysis

o Screen components related to plastic state change: heating block, nozzle, extruder, heated
bed
o Build material flow functional model

Stage 3: Attribute and Co-functional Analysis

Attribute Identification and Scoring:

Attribute Impact Measurability Controllability Total Score
Melt Viscosity 3 2 3 8
Temperature Distribution 3 3 2 8
Flow Rate Stability 3 2 2 7

Co-functional Analysis (with Melt Viscosity as dominant attribute):
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Factor Impact
Specific Factor Function Type Controllability Discovery Method
Type Intensity
PID control
Intrinsic Useful 2 3 Control analysis
precision
Ambient
Environmental
Extrinsic temperature Harmful 1 1
monitoring
fluctuation
Nozzle carbon Extremely Systematic
Hidden 3 3
buildup harmful exploration
Thermal inertia
Hidden Harmful 3 2 Dynamic analysis
delay
Print speed-
Parameter
Coupling temperature Bidirectional 2 3
analysis
matching
Hidden Factor Discovery Process:
1. Carbon buildup problem: Disassembly analysis found nozzle inner wall carbon buildup causing
local overheating and uneven flow channels
2. Thermal inertia problem: Temperature response testing found heating block has 2-3 second
delay
3. Impact mechanism: Carbon buildup changes flow channel geometry, thermal inertia causes
temperature control lag
Stage 4: Iterative Pivot
. Problem Repositioning: From "unstable temperature control” to "uneven thermal field inside
nozzle + system dynamic response lag"
. Pivot Decision: Carbon buildup (impact 3, controllability 3) and thermal inertia (impact 3,

controllability 2) both meet pivot conditions

New Focus: How to achieve uniform heating and rapid response

Fundamental Contradiction: Nozzle wall needs to be thick (strength requirement) but needs
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to be thin (rapid thermal response)

Stage 5: TRIZ Solutions

. Technical Contradiction: Temperature precision? vs Control complexity T

. Recommended Inventive Principles: 2(Separation), 11(Beforehand cushioning), 19(Periodic
action)

. Solutions:

Short-term: Optimize PID parameters, increase preheating time
. Medium-term: Separate heating system, feedforward control algorithm
. Long-term: Smart material adaptive heating, real-time viscosity monitoring

Results Comparison:

o Diagnosis time: Traditional method 7 days - FIFA 4 days (43% reduction)
o Print accuracy improved by 60%
o Success rate: 78% - 94%

Case Comparison Summary

Method Advantage Validation:
1. Precise Positioning: Both cases identified key factors overlooked by traditional methods

through attribute analysis

2. Systematic Process: Logic chain from attributes to solutions ensures solution targeting

3. Strong Practicality: Generated solutions have clear implementation paths and expected
effects

4, Good Universality: Method can be effectively applied to different technical domains

Response to "Problems Too Simple" Criticism: Problems like fouling and carbon buildup seem like

"common knowledge," but this precisely highlights FGIFA's core value:

Traditional Method Dependence: Expert "flash of inspiration” to identify these problems,

process unreliable and difficult to replicate

. FGIFA Provides: Systematic, repeatable, low-experience-dependent discovery pathway
. True Value: Scientific rigor and repeatability of the process, not just solving complex problems
. Target Users: Enables junior engineers to discover key hidden factors through structured steps

Method Assessment and Discussion

Method Advantages

1. Enhanced Objectivity: Quantitative scoring system reduces subjective judgment
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2. Deep Analysis Capability: Co-functional analysis systematically uncovers hidden factors

3. Dynamic Adaptability: Iterative pivot mechanism responds to new discoveries in analysis
process

4, Repeatability: Structured process reduces dependence on expert experience

5. Efficiency Improvement: Average diagnosis time reduction of over 40%

Method Limitations and Improvement Directions

Current Limitations:

1. Scoring criteria need domain expert calibration
2. Flow analysis for complex systems may be time-consuming
3. Some hidden factors may require specialized detection equipment

Improvement Directions:

1. Establish industry-specific scoring criterion libraries
2. Combine Al technology to automate flow analysis processes
3. Integrate loT sensors for automatic detection of hidden factors

Applicability Analysis

Applicable Scenarios:

. Multi-component complex systems
o Systems with hidden or time-varying problems
o Engineering problems requiring systematic diagnosis

Non-applicable Scenarios:

o Single-component simple problems

o Situations where problem root causes are already clear

. Emergency repairs with extremely tight time constraints
Conclusions

The FGIFA method proposed in this study makes important contributions in the following aspects:

1. Theoretical Innovation: Established the logical relationship framework of flow-attribute-
component, providing new theoretical foundation for TRIZ functional analysis

2. Methodological Innovation: Constructed complete five-stage methodology including
guantitative tools and iterative mechanisms

3. Practical Value: Validated method effectiveness through cases, significantly improving

analysis accuracy and efficiency
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The FGIFA method provides a systematic and scientific methodology for functional analysis of complex
systems, expected to play an important role in engineering innovation practice. With the development
of intelligent tools and continuous method refinement, this method will demonstrate its application

value in broader engineering fields.
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Abstract

This study analyzes Al-based patent data with a particular focus on the S-curve theory within TRIZ’s
Laws of Technological Evolution. The objective is to map the developmental trajectories of technology
patents and, on that basis, to forecast future directions of technological evolution and patent filings.
The semiconductor industry represents a quintessential technology-intensive sector that demands
both advanced expertise and substantial capital investment; as technological sophistication increases,
its interdependence with patents becomes even stronger. Moreover, the industry is characterized by
rapid change, as incumbent technologies often decline abruptly while emerging technologies are
swiftly adopted. This dynamic is well explained by TRIZ’s S-curve law. In this research, we examine the
evolutionary stages and levels of ideality of core semiconductor technologies, specifically NAND Flash
and DRAM. By applying the TRIZ evolution model to patent datasets, we evaluate the effectiveness of
TRIZ as a methodology for technology forecasting and derive implications for future technology
planning and patent management, thereby contributing to the formulation of technology

management and intellectual property strategies.

Keywords: Patent, Semiconductor, NAND Flash Memory, Dynamic Random Access Memory, S-curve
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Introduction

In contemporary society, semiconductors constitute a central pillar of both daily life and the global
economy. They are indispensable across diverse sectors, including systems, transportation,
communications, and healthcare, and have recently gained prominence for attributes such as high
capacity, low power consumption, and rapid processing speeds, driven by advances in the Internet of
Things (loT), artificial intelligence (Al), and digital transformation (DT). The semiconductor industry is
both technology-intensive and capital-intensive, with a limited number of global corporations
spearheading innovation and shaping competitive markets. Although this sector has long advanced
more rapidly than most industries, the emergence of Al and DT has further accelerated its pace of
development. As extreme scaling approaches its physical limits, technologies such as three-
dimensional NAND Flash stacking and High Bandwidth Memory (HBM) have emerged as critical
breakthroughs. In technology-driven industries, the incentive to secure patent rights intensifies, as
patents are closely linked to sustaining strategic advantages. The evolution of semiconductor
technologies frequently follows a concurrent pattern in which legacy technologies decline sharply
upon reaching their performance limits, while new technologies emerge and expand rapidly. These
dynamics are well explained by the S-curve theory within TRIZ (Theory of Inventive Problem Solving),
which delineates technological lifecycles through the stages of introduction, growth, maturity, and
decline. Innovation tends to concentrate at inflection points where incumbent technologies wane and
emerging ones arise, with patenting activity often escalating during such transitions. Building on this
theoretical framework, the present study applies the S-curve model from TRIZ's laws of technological
evolution to semiconductor patent data to analyze the developmental stages of NAND Flash
architecture and forecast future trajectories of technological change. By situating each technology on
the S-curve to identify its current stage and anticipate subsequent transitions, this research seeks to
validate the practical applicability of TRIZ as a methodology for technology forecasting and to

contribute to strategy formulation in technology management and intellectual property.

Contemporary Semiconductor Technology

Semiconductors constitute a fundamental pillar of modern industry and society, serving as the
“brain” of numerous systems. They are indispensable across sectors such as transportation,
communications, and healthcare, and their significance has further expanded with the proliferation
of artificial intelligence (Al), the Internet of Things (loT), and digital transformation (DT). Growing
consumer demand for faster, smaller, and more cost-effective devices has accelerated technological

progress, driving the transition from incremental advances to disruptive innovation. Conventional
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memory scaling has approached its physical limit at approximately 10 nm, leading to the introduction
of three-dimensional architectures such as 3D NAND Flash and High Bandwidth Memory (HBM) (Fig.1).
These technologies signify a paradigm shift from planar two-dimensional to vertical three-dimensional

structures, heralding a new era of semiconductor innovation.

=

2D 3D

Fig. 1 The transition of semiconductor technology from 2D to 3D architecture
The S-Curve Principle in TRIZ

The phenomenon of concurrent change in the semiconductor industry cannot be explained solely
by market dynamics or incremental advances. The time span from the introduction to the widespread
diffusion of new technologies has progressively shortened, suggesting that cycles of technological
change are also accelerating. This compression of development cycles reflects increasingly rapid
technological transitions and compels firms to intensify research and development efforts. Under
these conditions, forecasting the trajectory of technological evolution and initiating pre-emptive
development have become critical, necessitating a logical and systematic analytical framework. TRIZ's
S-curve principle provides such a framework (Fig.2). According to this model, technologies evolve
through recurring cycles of introduction, growth, maturity, and decline [1][4]. By identifying the
current position of a technology on the curve and anticipating its transition to the next stage,

organizations can obtain strategic guidance for future technological development.
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Fig. 2 S-curve analysis in TRIZ (adapted from Shi & Zhang, 2003)
Research Objectives

The objective of this study is to analyze the evolutionary trajectory of NAND Flash technology using
the S-curve principle of TRIZ, with an emphasis on patent-based data. By examining structural
technologies in memory semiconductors, one of Korea’s core strategic industries, this study seeks to
identify the current developmental stage of each technology and to forecast the timing and direction
of future technological breakthroughs. Through this approach, we aim to validate the practical utility
of TRIZ as a methodology for technology forecasting and to generate actionable insights for

technology management and intellectual property strategy.

Research Methodology

This study employed a ChatGPT-based automated classification tool to collect and organize patent
data from sources including KIPRIS, Google Patents, and Lens.org. A Boolean search query was
constructed using keywords such as memory, SSD, NAND, storage, GB, capacity, improvement, and
enhancement. From the abstracts of the retrieved patents, sentences related to storage capacity and
performance improvements were extracted. Similarity and clustering analyses, combined with regular
expressions, were then applied to automatically identify numerical values for storage capacity. Based
on these results, an S-curve was generated with storage capacity plotted on the vertical axis and year

of filing on the horizontal axis.
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Theoretical Background

TRIZ (Teoriya Resheniya lzobretatelskikh Zadatch)

TRIZ and Patents

TRIZ was developed by Genrich Altshuller in the former Soviet Union (present-day Russia), who
analyzed more than 40,000 patents and classified them into five levels according to their degree of
technical difficulty [6]. According to Altshuller’s research, inventions are categorized into five levels
depending on their novelty and impact. Approximately 32% of the analyzed patents fall under Level 1,
which includes obvious or conventional solutions. Level 2, representing minor improvements within
the existing paradigm, accounts for 45%. Level 3, comprising substantial inventions within the
technical field, constitutes 18%. Level 4, representing inventions beyond the existing technical
domain, accounts for 4%, while Level 5, discoveries that introduce entirely new systems and embody
radical innovation, make up about 1%. This classification provides a framework for assessing the
maturity of technologies and their potential for innovation. Although the majority of patents are
concentrated in the lower levels, the higher levels correspond to more radical forms of innovation [5]
(Fig. 3). TRIZ is also recognized as a systematic methodology for problem-solving. In this study, the
content was organized and supplemented with reference to the TRIZ textbook by Professor Yongwon
Song [3] (Table 1). Within TRIZ, contradictions are identified, resources are utilized, and problems are
addressed through the 40 inventive principles and separation principles. In addition, the laws of

technological evolution are applied to anticipate future development trends [2].

T 7/ 100000
possibilities

1 / 100x
possibilities

T / TO00X
possibilities

T/ T0000xx
possibilities

T /5 10x
possibilities

Fig. 3 The Five Levels of Inventions (adapted from Mishra, 2006 [2])
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Table 1. Main elements of TRIZ

Category Component Description
Problem Technical A phenomenon where improvement in one parameter
Analysis Contradiction results in the deterioration of another.
Physical A situation where a single element must possess two
Contradiction opposite properties simultaneously.
Function Analysis Analyzing and deriving the interactions between
elements within the system.
Resource Analysis Analyzing the types and utilizations of internal and
external resources.
Problem 40 Inventive Strategies for resolving technical contradictions.
Solving Principles
Separation Principles Strategies for resolving physical contradictions.
Micro-level Analyzing and solving phenomena from a microscopic
Approach rather than a macroscopic perspective.
Introduction of Improving a problem by introducing a field (force) to
Fields the material where the problem occurs.
Standard 76 Standard Frequently occurring problem-solving methods
Solutions Solutions organized into 76 standard patterns.
Evolution of Laws of Evolution of General principles and trends by which technical
Technology Technology systems evolve.
S-curve Visualizing and predicting technological development
by dividing it into four stages.
S-curve

The S-curve theory conceptualizes technological development as progressing through four stages

and provides a useful framework for identifying the current position of a specific industry or

technology while forecasting the emergence of new ones. In this study, the theory is applied to patent

analysis in the field of memory semiconductors to identify and evaluate stages of technological growth

and to forecast the timing of transitions to next-generation technologies.
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Analysis

NAND Flash has become a core product in the semiconductor market, evolving to meet increasing
demands for higher storage capacity, faster processing speeds, and lower power consumption. It plays
a pivotal role across diverse industries, particularly in solid-state drives (SSD), mobile devices, and data
center storage systems. The transition from a two-dimensional planar structure to a three-
dimensional stacked architecture marked a major technological breakthrough. This shift signified both
the decline of 2D technologies and the emergence of 3D as a new paradigm, consistent with the
technological evolution pattern described by the S-curve model. This study analyzes the technological
evolution of NAND Flash through patent-based investigation, with particular attention to the
transition from 2D to 3D and the subsequent maturity stage. By comparing storage capacity, rates of
technological change, and patent trends across successive generations, the study seeks to assess the
current technological status of NAND Flash memory and to propose potential directions for its future

development.

Methodology

In high-technology industries such as semiconductors, core technologies are frequently safeguarded
as trade secrets rather than being disclosed exclusively through patents. Nevertheless, this study
employs artificial intelligence (Al) tools to quantitatively evaluate patent filing trends associated with
NAND technology. Using this approach, the evolution of 2D and 3D NAND Flash technologies is

systematically examined on the basis of patent data.

Data Collection and Classification

Patent data were collected from Lens.org and Tanalysis.ai, targeting filings between 1990 and 2025
using the Boolean keyword string: (NAND) AND (storage OR GB OR capacity) AND (improvement OR
enhancement) AND (Samsung OR SK Hynix OR Micron). The initial search yielded 30,757 patent
records. In the secondary screening phase, patents were classified as either 2D or 3D based on the
occurrence of keywords such as “2D,” “3D,” “planar,” and “vertical,” in combination with their
technical descriptions. This refinement process resulted in 1,492 patents, with ambiguous cases
categorized as “others.” The final dataset used for analysis consisted of 1,039 patents. Because most
patents did not explicitly report storage capacity, actual capacity values were estimated using
specifications such as the number of layers, stacking structures, and line widths. ChatGPT was
employed to support this estimation process, and all extracted values were subsequently validated by

the researcher. (Table.2)
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Table 2. Actual Patent Filing Counts

YEAR [1991|1992|1993|1994|1995|1996|1997|1998|1999|2000|2001|2002|2003 |2004 2005 | 2006|2007
2D 2 1 0 0 2 1 3 6 4 6 7 10 8 13 | 17 | 18 | 19
3D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4

OTHER| 14 | 14 | 14 | 14 | 14 | 14 | 14 | 14 | 14 | 14 | 15 | 14 | 13 | 14 | 15 | 14 | 15

YEAR |2008|2009|2010|2011|2012|2013|2014|2015{2016|2017|2018|2019|2020|2021{2022|2023|2024
2D 16 | 18 | 19 | 17 | 14 | 13 | 12 9 7 5 4 3 2 1 1 1 1
3D 6 8 11 | 15 | 21 | 26 | 34 | 43 | 51 | 57 | 58 | 54 | 61 | 60 | 58 | 53 | 43

OTHER| 15 | 16 | 16 | 17 | 17 | 19 | 21 | 21 | 22 | 24 | 21 | 20 | 22 | 21 | 20 | 19 | 17

Results and Analysis

Distribution and Trends in Patent Filings

An analysis of NAND-related patents filed between 1991 and 2024 shows that each patent was
classified annually into one of three categories: 2D, 3D, or Other (not directly related to storage
capacity). The distribution of these filings illustrates the evolutionary trajectory of NAND Flash
technology (Fig. 4)(Fig. 5). Distinct annual trends emerge for each category, capturing not only the
technological transition from planar (2D) to vertical (3D) structures but also the rise of application-
oriented technologies and patents unrelated to storage capacity, which are characteristic of the

maturity phase in the S-curve model.

Growth and decline of 2D NAND

Between the 1990s and the late 2000s, an average of approximately ten patents related to 2D NAND
were filed each year. Although the number of filings was relatively small, it is likely that many core
technologies were preserved as trade secrets rather than disclosed through patents. Beginning in the
2010s, the number of 2D NAND patent filings declined sharply, with only two patents filed in 2016.
This trend indicates that, following a period of growth and maturity, 2D NAND technology had entered

the decline phase, consistent with the S-curve model.

Growth and Maturity of 3D NAND

Although 3D NAND-related patents began to appear as early as 2006, the number of filings increased
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sharply after 2015. By 2013, the number of patent applications for 2D and 3D NAND had reached a
similar level, indicating the onset of a technological transition. Since then, there has been a marked
shift in patent filings, with the majority targeting advancements in 3D NAND technologies. From 2017
onward, the annual number of 3D NAND patent filings consistently exceeded 50, suggesting that 3D

NAND has passed through a period of rapid growth and entered a stage of technological maturity.

Others (Unclassified)

Some patents could not be clearly classified as either 2D or 3D and were therefore placed in the
“Other” category. Although these patents generally follow trends consistent with overall technological
evolution, they are primarily related to domains beyond direct structural classification, including

applications, materials, and fabrication processes.

Technological Evolution Analysis (S-curve)

As described earlier, the S-curve analysis was performed by estimating actual NAND storage capacity
(in GB) using yearly patent filings, patent specifications, and relevant keywords. The results indicate
that in the case of 2D NAND, both storage capacity and the rate of technological change peaked
around 2010 and subsequently declined, signaling entry into a stage of technological obsolescence.
By contrast, 3D NAND showed a rapid increase in both capacity and innovation rate after 2015;
however, this acceleration began to plateau around 2020, suggesting a transition into the maturity

phase.
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2D NAND: Patent Count and Capacity Evolution
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Fig. 4 Actual patent counts and estimated storage capacity trends
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Fig. 5 Actual patent counts and calculated technological change rates
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Future Technology Forecast

Based on the findings of this study, the future development trajectory of NAND Flash memory can
be forecast, tracing its evolution from a planar 2D structure to a vertically stacked 3D architecture. As
3D NAND enters a stage of maturity, it is approaching physical and technical limitations in cell stacking
and miniaturization, signaling the onset of a decline phase [7]. The next generation of NAND Flash is
expected to evolve into what is referred to as “4D” technology, characterized by ultra-high stacking
and the capability to store more than four bits per cell [8]. These innovations are anticipated to
maximize aerial efficiency and substantially reduce manufacturing costs. Related patents have already
been filed, demonstrating advantages in storage density and cost competitiveness. Nonetheless,
challenges concerning reliability, endurance, and defect management persist, necessitating continued
research and development. This pattern of technological evolution can also be observed in other
advanced industries. For instance, the television market progressed from 2D displays such as CRT and
LCD to immersive 3D formats and subsequently to VR/AR. Recent developments have incorporated
multi-sensory feedback, including vibration, scent, and airflow, giving rise to 4D technologies that
enhance spatio-temporal immersion [9]. Similarly, the printing industry is following a comparable
trajectory, with active research ongoing in 4D printing technologies [10]. These examples suggest that
NAND Flash and other semiconductor technologies are likely to evolve beyond spatial expansion

toward a 4D paradigm that integrates space, time, and user interaction.

4D NAND

“4D NAND” refers to the next evolutionary stage of NAND Flash memory, characterized by
ultra-high stacking of over 200 layers, the adoption of a CMOS-under-array (CUA)
architecture, and multi-bit-per-cell storage such as QLC [8], [11]. Unlike conventional 3D
NAND, where peripheral circuits are placed beside the memory cells, 4D NAND relocates
these circuits beneath the array, as illustrated in Fig. 6, thereby reducing chip footprint and
improving areal density. For example, SK hynix introduced a 128-layer 4D NAND in 2019 and
a 238-layer version in 2022, achieving over 35% higher bit density per wafer compared to
conventional 3D NAND [11]. While this design provides clear advantages in scalability, cost
per bit, and storage capacity, it also poses challenges in ensuring reliability and endurance
under ultra-high stacking. Ongoing research and patent activity continue to target issues such

as stacking-induced stress, interconnect delay, and defect management.
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Fig. 6 Evolution of NAND Flash: 2D planar, 3D stacked, and 4D NAND (from SK hynix Newsroom)
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Conclusions

This study quantitatively examined the evolutionary transition of NAND Flash memory from 2D to 3D
architectures, the inflection points within this transition, and the potential shift toward ultra-high-
stacked next-generation 4D technologies by applying the TRIZ-based S-curve model to patent data.
The findings demonstrate that innovation guided by the S-curve, together with strategic patent
planning and technology forecasting, plays a pivotal role not only in the semiconductor industry but
also in other technology-intensive sectors. Through time-series analysis of S-curve dynamics and
patent trends, this study offers practical insights for anticipating the future trajectory of
semiconductors and other advanced industries, while providing valuable guidance for the formulation

of effective intellectual property strategies.
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Abstract

‘Gwonje-early’ is a gamma-irradiation-induced mutant of Citrus unshiu Marc., characterized by its
larger fruit size and pronounced calyx protrusion compared to the wild-type. To elucidate the
molecular mechanisms underlying these traits, we conducted transcriptome analysis and RT-PCR
validation. Differential expression was observed in genes involved in hormonal regulation,
transcriptional control, and cell wall modification. These results suggest that transcriptional

reprogramming plays a pivotal role in shaping the distinctive traits of Gwonje-early.

In addition, TRIZ methodology was applied to interpret contradictions in fruit development. Technical
contradictions, such as increased fruit size improving marketability but reducing stability, were
addressed through biological resources like hormonal regulation and cell wall remodeling. This
interdisciplinary study demonstrates how TRIZ principles can enrich molecular insights and breeding

strategies in citrus improvement.

Keywords: Gwonje-early, Citrus unshiu, RT-PCR, gene expression, fruit size, calyx protrusion
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Introduction

Citrus unshiu (satsuma mandarin) is a key horticultural crop cultivated in subtropical regions, including
Korea and Japan. As consumer preferences evolve and climate change alters cultivation environments,
there is a growing demand for cultivars with larger fruit size, enhanced appearance, and earlier
maturity. These traits are increasingly critical for ensuring economic sustainability and

competitiveness in global citrus markets.

Mutation breeding has long been employed as a strategy to generate novel cultivars. Gamma
irradiation, in particular, has been widely used to induce heritable mutations while preserving the elite
genetic background of cultivars. Notable successes include mutants such as ‘Jedae-unshiu’, which
showed unique ripening traits. In this context, ‘Gwonje-early’ was identified as a promising gamma-
irradiated mutant with two striking features: significantly larger fruit size and a pronounced calyx
protrusion compared to its parental line. These traits are commercially attractive, yet their molecular

underpinnings remain unclear.

Previous studies have reported gene expression changes associated with citrus mutants. For instance,
transcriptome analysis of Jedae-unshiu revealed differential regulation of transcription factors and
hormone-related genes. However, no such comprehensive study has been undertaken for Gwonje-
early. Identifying the molecular basis of its distinct traits is essential not only for scientific

understanding but also for providing practical tools for breeding.

Beyond classical transcriptome profiling, this study employs TRIZ (Theory of Inventive Problem
Solving) to analyze biological contradictions. TRIZ was originally developed in engineering to resolve
technical conflicts and guide innovation. Here, we apply TRIZ principles to fruit biology, interpreting
contradictions such as: larger fruits being more desirable but structurally vulnerable, or calyx
structures needing both rigidity and flexibility. This unique integration of TRIZ and molecular biology

offers a novel framework for interpreting phenotypic traits and guiding breeding strategies.

The objectives of this study are threefold: (1) to identify candidate genes through comparative
transcriptome analysis of Gwonje-early and wild-type; (2) to validate gene expression differences via
RT-PCR; and (3) to apply TRIZ to interpret contradictions in fruit development, providing creative

explanations and breeding insights.
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Materials and Methods

Gamma-irradiation Grafting Induction of mutant lines

Harvest of mutant scions

Mutant line
Fig. 1 Mutagenesis by gamma irradiation of C.unshiu scions and the selection of mutant individuals by
grafting

1. Plant Materials

Fruits of ‘Gwonje-early’ and wild-type Citrus unshiu were harvested at the same developmental stage

from orchards in Jeju, Korea. At least five biological replicates were used for RNA extraction.

Leaf Flower

Developmental stages of fruit

Fig. 2 Leaf, flower, and five developmental stages of Citrus unshiu fruit used for morphological

observation and gene expression analysis.
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2. RNA Extraction and Transcriptome Sequencing

Total RNA was extracted using the XENOPURE™ Total RNA Purification Kit (XENOHELIX), quantified by
NanoDrop spectrophotometer. Libraries were prepared with lllumina TruSeq RNA Library Prep Kit and
sequenced on the lllumina NovaSeq platform. Clean reads were mapped to the Citrus sinensis
reference genome using HISAT2, and differentially expressed genes (DEGs) were identified using

DESeq2 (FDR < 0.05).

3. RT-PCR Validation

Specific primers were designed for candidate genes (e.g., bHLH93, WARK3, CML41). cDNA was
synthesized using TOPscript™ RT DryMIX (dT18) (enzynomics), and PCR was performed under
optimized annealing conditions. Expression levels were normalized against CitEF as the housekeeping

gene.

4. TRIZ Analysis

Phenotypic contradictions were formulated based on observed traits. Contradiction matrix tools were
applied to identify relevant inventive principles. Biological entities such as transcription factors,
hormone pathways, and cell wall enzymes were treated as resources for contradiction resolution.
Principles including Separation, Resource Utilization, Local Quality Improvement, and Inversion were

selected for analysis.

Results

1. Fruit Trait Evaluation

Fig. 3 Molpological comparison between Gwonje-early and Control (C.unshiu Marc.)

Gwonje
- early
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Table 1. Comparative analysis of Wild type (WT) control and Gwonje early fruit

¥ Henzomtal leagth Vertical length Single Frut Wesght Peel thickness Hacdoess
ear
{mm) {mmm) (2) (mm) ()]
2022 47832368 623226.64 08.95.2929 2652043 262+119
WwT 2023 5222200 65412339 10884102 1L81:050 7874292
2024 M43 6P 44477 14104292 262:084 9204256
2022 68244581 18634453 195742160 3004084 10714129
Cwaorgle aard) 2023 037566 84934468 21764214 3004045 11964478
2004 6152555 7222:6.63 17774365 3262073 1497181
Humter colos valnes Total solable sobid Acidity
Yo
L (L) a(Red) & (Yellow) (Bax) (wi's)
2022 94vg1a2 5922201 B52621.05 F41t032 0462003
wT 2023 58.48+1%0 231215 B65+1.05 0512007
2004 67542337 624247 TEE£0.57 0722013
2022 58262172 20204220 910£0.30 0702003
Gwonge sarh 2023 61144208 24644157 36774191 9304097 0563008
2024 630684348 23104384 11021540 £71g1.50 0665007

2. Transcriptome analysis revealed a total of 357 differentially expressed genes (DEGs)
between Gwonje-early and the wild-type control, with 213 up-regulated and 144 down-
regulated genes. Notably, 95% of these DEGs were successfully annotated (203 up-regulated
and 142 down-regulated), suggesting that the majority of transcriptional changes in Gwonje-
early involve genes with known biological functions.

Table 2. DEGs statistics

Sample Regulation pattern No. of DEGs Annotated DEGs

Up 213 203

Gawongje early vs Control
Down 144 142

i count

Uip-reguiatian Cwawn -resgulation

Fig. 4 GO functional enrichment of DEGs genes between Gwonje-early and WT. BP, Biological
Process; CC, Cellular component; MF, Molecular Function
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Fig. 5 KEGG classification of up and down-regulated DEGs.

3. RT-PCR Validation

Expression of bHLH93 was markedly upregulated in Gwonje-early, consistent with its role in
promoting cell expansion. WARK3 showed higher expression in calyx tissue, correlating with
protrusion development. Conversely, genes like CML41 displayed downregulation, hinting at
altered calcium signaling.

[Temporal expression patterns of genes identified as up- or down-regulated in July RNA-seq (May—Dec)]

(A) L L F F 7 7 & 8 9 % 10 10 11 11 12 12

BHEHO3[ = s e v - - -

TARK T | e o e e o G G | — — - — — — — —
CHET | s s amm S0 SH S S o, s e s s s " —

C G € G C G C\G C G C G C G C G
(B) e .

L L F F f f 8 8 9 9 1o 10 11 11 12 12
GO L [ —— — . — . e —— — — e w—
GPT2 e s — e —

CUEE | o an s S S |, . cme s o " a— —

C G C G C G C G C G C G C G C G
Fig .6 (A) July RNA-seq up-regulated genes: temporal expression patterns, (B) July RNA-seq down-
regulated genes: temporal expression patterns
4. TRIZ Application

- Technical contradiction : Larger fruits are more marketable but structurally weaker. Solution:
Resource Utilization through reinforced cell wall modification genes.

- Physical contradiction : Calyx must be rigid for support yet flexible for growth. Solution: Local Quality
Improvement by differential expression of calyx-specific WARK3.

- Management contradiction : Early protrusion enhances visual distinctiveness but complicates
handling. Solution: Separation in space (differential tissue-specific gene expression).
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Discussion and Conclusion

This study provides molecular evidence linking transcriptional reprogramming with the unique
phenotypes of Gwonje-early. Upregulation of bHLH93 and WARK3 highlights their roles in fruit
enlargement and calyx protrusion, respectively. The downregulation of signaling genes such as CML41

further indicates restructured hormonal and calcium signaling networks.

Application of TRIZ principles provided a novel interpretive framework for resolving contradictions in
fruit biology. By considering molecular pathways as 'resources,' TRIZ facilitated a systematic approach
to understanding how fruit size and calyx structure can be optimized simultaneously. This
interdisciplinary integration demonstrates the value of problem-solving methodologies from

engineering in biological research.

The findings not only advance scientific understanding of citrus mutants but also have practical
implications for breeding strategies. Incorporating TRIZ into breeding decisions may guide targeted

manipulation of molecular pathways to achieve desired trait combinations.

5 Future Perspectives

Future research will focus on functional characterization of candidate genes identified through
transcriptome and RT-PCR analyses. Comparative studies of Gwonje-early with other citrus mutants,
including Jedae-unshiu and Yein-early, will further clarify shared and unique transcriptional networks
underlying mutant phenotypes. Moreover, integration of TRIZ-based frameworks with multi-omics
approaches, such as transcriptomics, proteomics, and metabolomics, will enhance our capacity to
interpret complex trait regulation. Field trials are also required to assess the agronomic performance
and post-harvest qualities of Gwonje-early, thereby confirming its value for practical cultivation and
commercialization. Finally, the continued application of TRIZ-guided strategies may provide new
insights into resolving additional contradictions in horticultural breeding, such as balancing fruit flavor

with shelf-life stability.
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Abstract

This proposal outlines a comprehensive business and patent commercialization strategy for an
innovative citrus peel upcycling technology. The core of this initiative is the eco-friendly extraction of
functional cellulose from citrus waste, primarily lemon peels, and its transformation into a high-value,
biodegradable microbead substitute for the skincare industry. Annually, the food processing sector
generates vast quantities of citrus byproducts, with recycling rates often falling below 30%, leading to
significant environmental burdens and the loss of valuable biochemical resources. Concurrently, the
global cosmetics industry faces mounting regulatory pressure to phase out non-biodegradable plastic
microbeads due to their detrimental impact on marine ecosystems. This proposal presents a
convergent solution that addresses both challenges by valorizing agricultural waste into a premium,

sustainable cosmetic ingredient.

Through an integrated analysis of the technology, market landscape, and intellectual property domain,
this document establishes a robust framework for commercialization. The analysis covers the detailed
technical process, including cellulose micronization and hydrocolloid compositing, which yields scrub
particles with superior performance and low-irritation properties. Market analysis reveals a strong
and growing consumer demand for "clean beauty" and ESG-aligned products, with the natural skincare
market poised for significant expansion. Patent landscape analysis indicates an emerging and
fragmented field, presenting a clear opportunity to establish a strong IP position. The proposed
business strategy includes a multi-channel go-to-market plan, a detailed cost and pricing model, and

a phased implementation roadmap. Ultimately, this document provides strategic insights to guide
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investment, R&D, and business development, positioning the Citrus Peel Upcycling technology as a

pioneering example of the circular economy in the beauty sector.

Keywords: Upcycling, Citrus Waste, Cellulose, Microbeads, Microplastics, Sustainable Cosmetics,

Clean Beauty, ESG, Patent Commercialization, Business Strategy, Skincare, Exfoliant, Circular Economy

Introduction

The modern industrial economy faces the dual imperatives of sustainable resource management
and environmental protection. Two pressing issues exemplify this challenge: the immense volume of
waste generated by the food industry and the pervasive pollution caused by microplastics. This
proposal addresses the intersection of these problems with an innovative technological solution

rooted in the principles of the circular economy.

The Challenge of Food Waste and Microplastic Pollution

The global food processing industry, particularly citrus juice and concentrate production, generates
millions of tons of byproducts annually. These byproducts, such as peels and pomace, are rich in
valuable compounds like cellulose, pectin, and flavonoids. However, a significant portion-often over
70%-is treated as waste, destined for landfills or incineration. This not only represents a massive loss
of potential value but also creates substantial environmental problems, including increased landfill
burden, soil acidification due to the low pH of the waste, and the emission of potent greenhouse gases

like methane during decomposition.

Simultaneously, the widespread use of plastic microbeads in rinse-off cosmetic products like facial
and body scrubs has become a major environmental concern. These tiny plastic particles are too small
to be filtered by wastewater treatment plants and inevitably flow into rivers and oceans, where they
persist for centuries. They absorb toxins, enter the food chain, and pose a significant threat to marine
life and potentially human health. In response, governments worldwide have enacted stringent
regulations to eliminate their use. The European Union's REACH regulation (2023/2055) and the
United States' Microbead-Free Waters Act of 2015 are landmark examples, creating a regulatory

mandate for the development of biodegradable alternatives.

A Convergent Solution: Upcycling for clean Beauty

This project introduces a convergent solution that bridges the gap between agricultural waste and the
clean beauty industry. We have developed a technology to upcycle citrus peel waste, transforming it

into a high-value, biodegradable exfoliating agent made from natural cellulose. This material is
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engineered to replace harmful plastic microbeads, offering a solution that is both environmentally

responsible and highly effective.

This "waste-to-value" approach is uniquely positioned to capitalize on key market drivers. It provides
the cosmetics industry with a much-needed, regulatory-compliant alternative to microplastics, creates
economic value from an industrial byproduct, and deeply resonates with the modern consumer's
demand for sustainable, ethical, and clean beauty products. This paper outlines the comprehensive

business plan and go-to-market strategy for commercializing this groundbreaking technology.

Problem-Solving and Technology Derivation through the TRIZ
Methodology

Defining the Ideal Final Result (IFR): Redefining the Problem

First, we established the project's goal using the core TRIZ concept of the Ideal Final Result (IFR). The
conventional problem was framed as "citrus waste disposal," which focuses on cost and
environmental burden. The IFR, however, was defined as a state where "the waste disappears by
itself, at no cost, while simultaneously creating value." This ideal objective prompted a paradigm shift,
moving from viewing waste as a problem to be eliminated to seeing it as the core resource for the

solution.

Resolving the Physical Contradiction: Applying TRIZ Inventive Principles

Our innovation is rooted in resolving a classic physical contradiction using the TRIZ methodology: citrus
peel waste is an environmental liability that needs to be eliminated, but it is also a source of valuable

material that should be utilized.

We resolved this by first applying the principle of Extraction (#2), isolating the high-value cellulose
from the bulk waste material. This strategic separation enabled the application of a second, more
powerful principle: Convert Harm into Benefit (#22). By extracting the pure cellulose, we transformed
the costly and polluting waste stream into a high-value, sustainable raw material for the clean beauty

market, effectively turning an environmental liability into a profitable asset.

Resolving the Technical Contradiction: Enhancing Product Performance

A key innovation in LemonScrub Gel™ was resolving the technical contradiction between exfoliating
efficacy and gentleness on the skin. We addressed this by creating a composite material (Principle

#40) that synergistically combines two distinct elements.
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First, we utilized Segmentation (Principle #1) to mill the cellulose into precisely controlled micro-
particles (100-500 um), making them effective yet non-abrasive. These particles are suspended within
a soothing gel base, applying the principle of Local Quality (#3): the particles provide the 'local’
function of exfoliation, while the gel provides the 'local’ function of moisturizing and calming the skin.
This multi-faceted approach ensures the product is both highly effective at removing dead skin cells

and exceptionally gentle, satisfying contradictory market demands in a single, elegant formulation.

The Proposed Technology: LemonScrub Gel™

Core Technological Processes

The transformation of raw citrus waste into a refined cosmetic ingredient involves a multi-stage
process grounded in established chemical and mechanical engineering principles, with innovative
modifications to enhance efficiency and product quality. The process is based on an analysis of leading

patents, including KR102088881B1, CN104956003A, US20160166489A1, and EP2907498A1.

Pre-theatment

The initial phase focuses on preparing the raw lemon peels for extraction. This involves thorough
washing to remove impurities, followed by a degreasing step to eliminate residual oils and sugars. The
peels are then dried using either hot air or freeze-drying methods to reduce moisture content to below
10%, which is crucial for stability and subsequent processing. Finally, the dried peels undergo
mechanical crushing and milling to reduce the particle size to 1-3mm, increasing the surface area for

efficient chemical treatment.

Extraction and Purification

The primary goal of the extraction and purification process is to isolate cellulose from other matrix
components like lignin and pectin. The procedure typically involves an initial alkaline treatment to
remove lignin and pectin, followed by acid hydrolysis to break down hemicellulose. To enhance yield
and preserve fiber quality, advanced methods such as hot water, enzymatic, ultrasonic, or microwave-
assisted extraction are utilized. The final step involves centrifuging the mixture to separate the
cellulose-rich insoluble dietary fiber (IDF), which is then washed thoroughly to achieve high

purity.Analysis

236



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, Jeju Island, South Korea

Particle Engineering and Functionalization

The purified cellulose is engineered and functionalized for use in cosmetic scrubs. Initially, the material
is micronized by milling and sieving to obtain a precise particle size of 100 to 500 um, ensuring
effective yet gentle exfoliation. The particles are then compounded with a hydrocolloid like HPMC or
xanthan gum to improve their dispersion, prevent settling in the final product, and create a smoother
texture. Optionally, the particle surface can be modified via methods such as esterification to enhance

skin adhesion or compatibility with oil-based formulas.

Product Formulation: The Gel Base

To create the final LemonScrub Gel™ product, the engineered cellulose particles are
incorporated into a gel base. This base is specifically formulated with a focus on hydration
and skin-soothing properties. It contains key ingredients such as humectants like hyaluronic
acid and glycerin, which work to draw moisture into the skin. To calm the skin and reduce any
potential for irritation, soothing agents including aloe vera, panthenol (pro-vitamin B5), and
Centella asiatica (cica) extracts are also included. The gel's desired texture and viscosity are
created using gelling agents like carbomer or natural gums, which also ensure that the scrub

particles remain evenly suspended within the formula.

The final product is a low-irritation, highly effective exfoliating gel. It not only removes dead
skin cells but also delivers significant moisturizing and soothing benefits, all while being fully

biodegradable and environmentally benign.Table 2. Annual Patent Filing Counts

Patent Landscape and Intellectual Property Strategy

A thorough analysis of the patent landscape is critical for establishing freedom to operate, identifying
partnership opportunities, and building a defensible IP portfolio. The analysis was conducted using

the Innography database, covering patents filed globally up to July 10, 2025.

Distribution and Trends in Patent Filings

The quantitative patent analysis, which focused on keywords related to citrus waste, upcycling, and
cellulose extraction for cosmetic applications, yielded a set of 539 highly relevant patents. The key
findings from this analysis provide a clear picture of the innovation landscape. In terms of geographic
distribution, China emerges as the dominant player, accounting for 48.9% of the patents. It is followed

by the United States (21.6%), Europe (14.8%), Japan (10.6%), and South Korea (4.2%). This distribution
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highlights not only the global interest in this technology but also the particularly intense R&D activity
within Chinese institutions. Regarding filing trends, the technology has experienced a compound
annual growth rate (CAGR) of 9.8%, marked by a significant surge in the mid-2010s. While this growth
has slightly moderated recently, it indicates a field that is maturing but remains active with innovation.
A particularly striking feature of the landscape is the high proportion of patents (59.8%) filed by
individuals, universities, and small to medium-sized enterprises (SMEs). This suggests that the field is
not yet dominated by large multinational corporations, presenting a prime opportunity for a new

entrant to establish a significant IP footprint.

Qualitative Analysis and Points of Differentiation

Our analysis of prior art confirms the novelty of the proposed technology. Unlike EP3331617B1,
which uses simple candied fruit pieces, our approach is based on highly purified and engineered
cellulose from a waste source. While US20160166489A1 describes a similar cellulose-hydrocolloid
composite, its reliance on generic commercial materials contrasts with our use of a sustainable,
upcycled feedstock, which is a core innovation. Furthermore, in contrast to EP2907498A1, our
technology's uniqueness is defined by the entire integrated process—from advanced extraction to
specific functionalization—rather than just the creation of cellulose beads. Consequently, the primary
patentable opportunity resides in the specific method of transforming citrus waste into a high-
performance cosmetic ingredient and in the novel formulations and applications that this new

material enables.Others (Unclassified)

Some patents could not be clearly classified as either 2D or 3D and were grouped as “Other.” These
patents also generally follow the overall trend of technological advancement but are mostly related
to applications, materials, or processes with broader applicability beyond strict structural

classification.

Proposed IP Strategy

We recommend a layered IP strategy combining offensive and defensive tactics. Offensively, we will
pursue a core process patent for the entire manufacturing method, supplemented by formulation
patents for specific products like LemonScrub Gel™ and use patents covering novel applications such
as cosmetic texturizers. Defensively, we will utilize defensive publication to secure freedom to operate
for non-patentable process elements and protect key optimization techniques as trade secrets. This
comprehensive approach is designed to build a strong competitive barrier, deter imitation, and

maximize the commercial value of the innovation.
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Market Analysis and Commercialization Strategy

Market Size and Trends

The market timing is highly favorable, driven by strong growth in the natural skincare sector and a
clear shift in consumer values. The global natural cosmetics market is projected to surpass $40 billion
by 2030, while the Korean scrub market alone is set to reach $1.2 billion by 2033, fueled by the
demand for biodegradable alternatives to plastic microbeads. This growth is directly propelled by
modern consumer priorities, especially among Millennials and Gen Z. These consumers champion
value-driven consumption, demand clean and transparent product formulations, and seek out
authentic brands with compelling, mission-oriented storytelling. This creates a prime environment for

an innovative, upcycled product with a strong environmental narrative.

Competitive Landscape

The competitive landscape for scrubs is crowded, yet our technology offers clear points of
differentiation. We surpass mass-market brands (e.g., Tree Hut) by offering a powerful sustainability
narrative that they lack. We distinguish ourselves from other natural brands (e.g., Innisfree, I'm From)
because our "waste-to-value" upcycling story provides a more unique and compelling ESG angle than
simply using standard natural ingredients. Against premium competitors (e.g., Shiseido), we can
establish a unique "eco-luxe" positioning. Therefore, LemonScrub Gel™ is uniquely positioned at the
intersection of scientific innovation, natural efficacy, and profound environmental stewardship,

creating a competitive advantage that is difficult to replicate.

Commercialization Strategy

The commercialization strategy for the proposed Citrus Peel Upcycling technology is built upon its
unique competitive advantage in the market. This technology sets itself apart from price-driven mass-
market products, natural brands with generic eco-friendly narratives, and high-end luxury brands. The
core differentiator for the Citrus Peel Upcycling technology is its "waste-to-value" upcycling story,
which provides a strong ESG (Environmental, Social, and Governance) advantage and carves out a

unique "eco-luxe" market position.

The strategy targets value-conscious consumers aged 20-40, positioning the product at an
accessible premium price point (¥23,000—%#27,000 for a 200g unit). A diversified distribution
approach will begin with a direct-to-consumer (D2C) model and expand to key online and offline

channels like Coupang and Olive Young. Marketing will focus on storytelling—showcasing the journey
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from waste to a beauty product—and collaborations with eco-conscious influencers. This entire
strategy is supported by a robust financial model, which, thanks to low raw material costs, can achieve

a high-profit margin of approximately 70%

Market Analysis and Strategic Positioning

Market Dynamics and Consumer Trends

The global and domestic skincare markets are undergoing a significant transformation, driven by a
confluence of evolving consumer values and heightened environmental awareness. In Korea, the
natural skincare market is projected to reach approximately $1.67 billion in 2025, with a forecasted
compound annual growth rate (CAGR) of 5.2% through 2030. This growth is propelled by the "clean
beauty" movement, wherein consumers, particularly Millennials and Gen Z, prioritize ingredient
transparency, sustainable sourcing, and ethical practices such as vegan and cruelty-free certifications.
This demographic exhibits a strong preference for brands that align with their values, making a

compelling brand story as crucial as product efficacy.

This trend is mirrored in the body scrub segment, a market valued at approximately $800 million in
Korea in 2024 and expected to expand to $1.2 billion by 2033. Here, the demand is shifting away from
traditional exfoliants, which can be harsh on the skin, toward gentle yet effective natural alternatives.
Consumers are actively seeking products that provide a safe and soothing experience, creating a fertile

ground for low-irritant, natural-based formulations like the proposed "LemonScrub Gel™".

Regulatory Environment and Opportunities

A critical catalyst for innovation in the scrub market is the increasingly stringent global regulation
against microplastics. Major economic blocs and countries, including the European Union, the United
States, and Korea, have already instituted bans on plastic microbeads in rinse-off cosmetic products.
The EU's REACH Regulation (2023/2055) is a landmark policy, mandating the complete phase-out of
intentionally added microplastics in rinse-off cosmetics by 2027 and extending this ban to leave-on
products between 2029 and 2035. This regulatory landscape creates a substantial and urgent market
demand for viable, eco-friendly alternatives. The biodegradable cellulose particles derived from the
Citrus Peel Upcycling technology are perfectly positioned to fill this gap, as they are not subject to
these restrictions and directly address the industry's need for sustainable, high-performance

materials.
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Competitive Landscape and Differentiation

The current skincare market features a diverse range of competitors. Brands like Tree Hut dominate
the mass-market segment with products that compete on price, volume, and sensory appeal, often
using sugar as a primary exfoliant. In the natural space, brands such as Innisfree leverage a broad
"natural ingredient" concept, which includes an "Upcycling Beauty" line using byproducts like coffee
grounds. Others, like I'm From, build their identity around a single hero ingredient, such as their Fig
Scrub Mask. At the premium end, brands like Shiseido focus on advanced formulations and a luxury

experience.

The Citrus Peel Upcycling technology carves out a unique and defensible market position. Unlike
competitors' more generic "natural" or "clean" narratives, the Citrus Peel Upcycling product's core
identity is its specific and authentic "waste-to-value" story. It transforms a tangible industrial
byproduct—lemon peels—into a high-value cosmetic ingredient. This creates a powerful ESG narrative
that distinguishes it from other brands and resonates deeply with the modern consumer's desire for

products that offer both efficacy and a positive environmental impact.

SWOT Analysis and Strategic Implications

Strengths

The primary strengths lie in the use of a natural, upcycled, and low-irritant raw material that aligns
perfectly with prevailing K-beauty and clean beauty trends. The compelling brand story provides a

significant marketing advantage.

Weaknesses

Key challenges include a potential reliance on OEM/ODM manufacturing, which could impact
production costs and supply chain stability. Furthermore, navigating the administrative requirements

for circular resource registration and cosmetic ingredient approval is a critical step.

Opportunities

The most significant opportunity is the growing global demand for microplastic alternatives, driven
by regulation and consumer preference. There is also potential to leverage government support

programs for resource circularity and sustainable technologies.
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Threats

The "upcycling" concept, while powerful, has a relatively low barrier to entry, posing a risk from fast-
follower competitors. Additionally, securing placement in major retail channels will require substantial

initial investment in marketing and promotion to build brand awareness and consumer trust.
Conclusion

The citrus peel upcycling technology presented in this proposal offers a compelling and timely solution
to the interconnected environmental challenges of food waste and microplastic pollution. It
represents a paradigm shift from a linear "take-make-dispose" model to a circular one, where waste
is redefined as a valuable resource. The resulting product, LemonScrub Gel™, is not merely a "green"
alternative but a high-performance cosmetic ingredient that meets the highest standards of efficacy,

safety, and consumer appeal.

The business case is supported by a confluence of positive factors: a robust and patentable
technology, a large and rapidly growing market driven by conscious consumerism, a favorable
regulatory environment, and a highly attractive cost structure. By leveraging a powerful brand story
and a strategic, multi-channel go-to-market approach, this venture is poised to capture a significant
share of the clean beauty market. This initiative has the potential to deliver exceptional value on
multiple fronts: economic returns for investors, sustainable solutions for the cosmetics industry, a new
revenue stream for the agricultural sector, and a tangible positive impact on the environment. It

stands as a model for future innovation in the circular economy.
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Abstract

‘Miyagawa-wase’ mandarin (Citrus unshiu) is one of the most widely cultivated citrus varieties on Jeju
Island, Korea. Mutation breeding, particularly through gamma irradiation, has proven to be an
effective strategy for inducing genetic variation. To investigate whether the genome analyzed in this
study exhibits genetic variation, we conducted whole-genome resequencing of two C. unshiu cultivars,
Ara-unshiu and Jedae-unshiu, cultivated on Jeju Island. Compared with the reference genome,
1,237,675 and 1,242,593 single-nucleotide polymorphisms (SNPs) and 141,372 and 142,010
insertion/deletion polymorphisms (InDels) were identified in Ara-unshiu and Jedae-unshiu,
respectively. Within genetic regions, 399,031 SNPs and 41,602 InDels were detected in Ara-unshiu,
while 400,263 SNPs and 41,782 InDels were found in Jedae-unshiu. Transition-type SNPs were more
frequent than transversions in both cultivars. Furthermore, the majority of InDels were distributed as
single-base pair (1-bp) insertions/deletions. Interestingly, the comparative number of total SNPs
between Ara-unshiu, Jedae-unshiu, and WT-control was smaller than that observed when compared
with the reference genome, suggesting environmentally responsive or region-specific genomic

variations.
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From a TRIZ contradiction perspective:

Level 3 (Technical contradiction): Mutation breeding aims to maximize genetic diversity to enhance
desirable traits (improvement), yet excessive mutations can negatively affect stability and uniformity
(harm). Level 6 (Resource contradiction): The Jeju environment provides unique natural resources
(soil, climate, and cultivation practices) that both preserve cultivar identity (consistency) and
simultaneously induce genomic variations (diversity). Level 9 (Physical contradiction / Ideal Final
Result): Ideally, a single mutation breeding strategy would induce only beneficial mutations (high
sugar content, peel color improvement, disease resistance) while avoiding detrimental variations.This
study demonstrates that the genome sequences of the mutant lines Ara-unshiu and Jedae-unshiu not
only provide new insights into C. unshiu variation in Korea but also serve as practical examples for

resolving TRIZ-level contradictions in citrus breeding research.

Keywords: Citrus unshiu, Miyagawa-wase, Genome resequencing, Molecular marker,
Mutation breeding, Gamma irradiation, TRIZ 3,6,9 contradictions

Introduction

Citrus fruits are among the most economically important fruit crops cultivated worldwide,
with Citrus unshiu Marc. (satsuma mandarin) being one of the dominant species in East Asia.
In Korea, the cultivar ‘Miyagawa-wase’ is the most widely grown mandarin on Jeju Island,
where favorable climatic conditions and cultivation practices have supported large-scale
production for decades. Despite its agronomic value, the limited genetic variation within C.
unshiu has restricted opportunities for developing new cultivars with improved fruit quality
and environmental adaptability. To overcome this limitation, mutation breeding has been
employed as an effective strategy to generate novel genetic resources. In particular, gamma
irradiation has been widely applied to induce random mutations, resulting in the discovery of
valuable traits such as changes in peel color, fruit ripening time, sugar content, and stress
tolerance. The identification and characterization of induced genetic variations are essential
for understanding the molecular basis of these traits and for supporting future breeding
programs. Recent advances in next-generation sequencing technologies have enabled
genome-wide investigations of citrus cultivars, providing insights into single-nucleotide
polymorphisms (SNPs), insertion/deletion polymorphisms (InDels), and their distribution

across genic and intergenic regions. Such genome-wide analyses are critical not only for
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cataloging natural and induced mutations but also for clarifying how environmental
conditions influence genetic variation in long-cultivated citrus varieties. In this study, we
conducted whole-genome resequencing of two C. unshiu cultivars, Ara-unshiu and Jedae-
unshiu, both cultivated on Jeju Island. By comparing their genomic variations with the
reference genome and wild-type controls, we aimed to (i) identify genome-wide SNPs and
InDels, (ii) analyze their distribution in functional regions, and (iii) explore the implications of
these variations for mutation breeding and environmental adaptation. Furthermore, by
integrating TRIZ contradiction analysis (Levels 3, 6, and 9), this study provides a conceptual
framework for understanding how mutation breeding can resolve technical, resource, and

ideal-solution contradictions in citrus improvement.

Material and Method

Plant materials

The citrus mutant Ara-unshiu and Jedae -unshiu was isolated via the gamma irradiation of C.unshiu
Marc.cv.Miyagawa-wase, which was also used as the WT. Both the Ara-Unshiu and Jedae-unshiu
plants were planted at the Research Institute of Subtropical Agriculture and Biotechnology of Jeju
National University Seogiwipo, Republic of Korea. Young leaves were harvested and immediately

frozen in Liquid Nitrogen for genome re-sequencing analysis.

2. Results

Gamma-irradiation Grafting Induction of mutant lines

Grafting

A she 5

Mutant lin




Proceedings of the International TRIZ Conference ITC-2025: September 25-27, Jeju Island, South Korea

Fig. 1. Mutagenesis by gamma irradiation of C. unshiu scions and the selection of mutant

Fig. 2. Morphological comparison of fruit between Wild Type(A) Ara-unshiu(B) and Jedae-unshiu (C).

Table1. Statistics of SNP classification by genome annotation

Samples Total SNP Classificated SNP*! IGR*? & gene structure Total Homozygous Heterozygous Etc.
— Intergenic 723401 19263 200353 411785
genic-region 398,960 3,501 210,832 184,627
Satsuma 1,236,149 1,122,361
exon 181,288 1,660 95,399 84,229
Intron 233,805 2,016 123,802 107,987
Intergenic 724,669 19,988 294,890 409,791
i genic-region 399,031 3,860 212,869 182,302
Araunshiu 1,237,675 NI, [ e e e e e e e
exon 181,296 1,818 96,551 82,927
Intron 233,816 2,226 124,685 106,905
Intergenic 729,062 19,590 296,907 412,565
s genic-region 400,263 3,395 213,729 183,139
Jedae_unshiu 1,242,593 1,129,325 B R S ST
exon 181,583 1,619 96,561 83,403
Intron 234,832 1,923 125,698 107,211

1 Loci where genes are organized in reference gene annotation (gff) file and can be classified as
geniclintergenic

2 Intergenic region

3 Not applicable as the homozygous / heterozygous
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Table2. Statistics of In/Del classification by genome annotation

Samples Total In/Del Classificated In/Del*’ IGR*? & gene structure Total Homozygous Heterozygous Etc.

Intergenic 88,497 1,874 28,801 57,822

genic-region 41,617 464 16,132 25,021

Satsuma 141,599 130,114 e e T e e i

exon 10,071 226 3,742 6,103

Intron 32,819 268 12,916 19,635

Intergenic 88,186 1,902 29,235 57,049

i genic-region 41,602 463 16,070 25,069
Araunshiu 141,372 129,788

exon 10,050 227 3,679 6,144

Intron 32,839 262 12,891 19,686

Intergenic 88,716 1,885 29,228 57,603

i genic-region 41,782 432 16,019 25,331
Jedae_unshiu 142,010 130,498

exon 10,073 211 3633 6,229

Intron 33,006 247 12,880 19,879

1 Loci where genes are organized in reference gene annotation (gff) file and can be classified as
genicl/intergenic

2 Intergenic region

3 Not applicable as the homozygous / heterozygous If the reference gene position overlaps or due to
the anti-sense form of the gene, the number of exons and introns may be counted as duplicates.

Table3. Statistics of final trimmed

Samples No. of Reads Avg. length Total length (bp) Trimmed/Raw*'  Coverage*?
38,761,500 113.24 5,094,558,025 77.30%
Apz 0} =26.71X
38,761,500 108.81 4,514,131,415 68.50%
41,731,872 114.02 5,454,756,415 76.66%

Opet2F =28.63X
____________ AIANERE: O A
38,351,616 109.94 5,015,115,947 76.31%
o= =26.01X
38,351,616 106.34 4,339,508,067 66.03%

1 (Total length of triimed reads / Total length of raw reads)*100
2 Total read length was divided by assembled genome size (359.7 Mb)

Tabled4. Statistics of Alignment to reference genome

Sample No. of Total trimmed reads*' No. of Mapped reads*? Mapped region*? (%)
Satsuma 77,523,000 68,587,460 (88.47%) 309,515,832 (86.06%)
© Avaunshiu 83463744 74286003 (89.00%) 309,611,329 (86.09%)
Jedae unshiv 76703232 69,407,612 (9049%) 309,579,010 (86.08%)

Tableb. Statistics of WT-control ,Ara-unshiu and Jedae-Unshiu SNP detection in samples

No. of Homozygous*'

Sample No. of Total SNP No. of Heterozygous*? No. of Etc.*?
Satsuma 1,236,149 26,638 542935 666,576
* Araunshiu 1,237,675 27,837 547,260 662,578
Jedae_unshiu  1,242593 26940 550806 664,847
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1 The same SNP type showed in 90% of sample reads mapped to the reference genome
2 The same SNP type showed in 40%~60% of sample reads mapped to the reference genome
3 Not applicable as homozygous/heterozygous

Table6. Statistics of WT-control ,Ara-unshiu and Jedae-Unshiu In/Del detection in samples

At No. of Total In/Del No. of Homozygous*' No. of Heterozygous*? No. of Etc*?
Total (Ins/Del) Ins/Del Total (Ins/Del) Ins/Del Total (Ins/Del) Ins/Del Total (Ins/Del) Ins/Del
Satsuma 141,599 72,591 / 69,008 2,837 1,276 / 1,561 48,200 24,496 / 23,704 90,562 46,819 /43,743
Araunshiu 141,372 72,572 / 68,800 2,889 1,296 / 1,593 48,579 24,486 / 24,093 89,904 46,790 / 43114
Jedae_unshiu 142,010 72,860 / 69,150 2,824 1,285 /1,539 48,467 24,549 / 23,918 90,719 47,026 / 43,693

1 The same In/Del type showed in 90% of sample reads mapped to the reference genome
2 The same In/Del type showed in 40%~60% of sample reads mapped to the reference genome
3 Not applicable as homozygous/heterozygous

3. Conclusion & Discussion

In this study, we characterized genome-wide variations in two gamma-irradiated Citrus unshiu mutant
cultivars, Ara-unshiu and Jedae-unshiu, cultivated on Jeju Island, Korea. Whole-genome resequencing
revealed extensive single-nucleotide polymorphisms (SNPs) and insertion/deletion polymorphisms
(InDels), many of which were distributed in genic regions associated with fruit development, metabolic
processes, and stress responses. Ara-unshiu was found to exhibit a late ripening phenotype, while
Jedae-unshiu displayed distinct fruit morphology, consistent with the genomic variations detected.
These results underscore the effectiveness of mutation breeding, particularly gamma irradiation, as a
strategy for overcoming the limited genetic diversity of C. unshiu. The identification of mutations in
genes related to peel coloration, sugar metabolism, and ripening time aligns with previous reports on
phenotypic diversity in irradiated citrus lines. Of particular interest, unique SNPs were observed in
transcription factors and hormone signaling pathways, suggesting that induced mutations may affect
regulatory networks and thus contribute to agronomically valuable traits. Such findings provide a
molecular basis for developing targeted breeding strategies aimed at improving fruit quality, yield

stability, and adaptability to environmental stress.

The application of TRIZ (Theory of Inventive Problem Solving) offers a conceptual framework for
interpreting these results and guiding future breeding approaches. At the Level 3 technical
contradiction, breeders often face trade-offs, such as enhancing sweetness at the cost of yield or
ripening time. Our identification of SNPs in sugar metabolism and ripening-related genes suggests the
potential to decouple such traits, allowing for simultaneous improvement of multiple characteristics.
At the Level 6 resource contradiction, Jeju’s intensive citrus production highlights the importance of

efficiency in land, labor, and environmental resources. Mutations associated with stress tolerance and
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nutrient utilization may help alleviate these constraints, enabling sustainable cultivation under
changing environmental conditions. Finally, at the Level 9 Ideal Final Result (IFR), the ultimate goal is
to develop cultivars with high yield, excellent fruit quality, disease resistance, and environmental
adaptability without trade-offs. While this may seem aspirational, integrating genome-wide mutation
data with TRIZ analysis moves breeding closer to this ideal by systematically cataloging beneficial
mutations and linking them to functional pathways. Taken together, this study not only demonstrates
the genetic potential of Ara-unshiu and Jedae-unshiu as valuable resources for citrus improvement
but also illustrates how TRIZ can serve as a powerful tool for resolving contradictions in mutation
breeding. By combining molecular insights with inventive problem-solving principles, citrus breeding
programs can advance toward the development of cultivars that meet the needs of both producers
and consumers under evolving agricultural challenges.

Future Perspectives

Building on the findings of this study, future research should focus on validating and expanding the
role of induced mutations within a TRIZ-based problem-solving framework. At the technical
contradiction level , functional validation of SNPs and InDels through transcriptomic and metabolomic
analyses will be necessary to determine whether desirable traits such as increased sugar content or
altered ripening can be achieved without compromising yield or stability. The use of precise tools such
as CRISPR/Cas genome editing could further resolve these contradictions by selectively reproducing
beneficial mutations. At the resource contradiction level , broader resequencing of additional mutant
lines and diverse C. unshiu populations will provide a more complete landscape of genetic variation,
enabling breeders to optimize the use of local resources. This will be particularly important for
addressing environmental constraints on Jeju Island, where land, labor, and climatic stressors pose
continuing challenges. At the Ideal Final Result, the integration of TRIZ with multi-omics approaches
(genomics, transcriptomics, metabolomics, phenomics) offers a pathway toward designing cultivars
that harmoniously combine fruit quality, high vyield, disease resistance, and environmental
adaptability. Although achieving such an ideal cultivar may appear distant, the systematic cataloging
of beneficial mutations and their incorporation into TRIZ-driven breeding strategies will bring citrus
improvement closer to this goal. Ultimately, by aligning molecular discoveries with TRIZ principles,
future research can transform mutation breeding from a trial-and-error approach into a systematic,
contradiction-resolving strategy. This will not only enhance the scientific understanding of C. in-house
genetics but also elevate citrus breeding into a model of inventive problem solving for sustainable

agriculture.
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Abstract

Organoid technologies have been designated as one of Korea’s strategic national technologies due to
their potential to revolutionize regenerative medicine and biotechnology industries. To enhance
national technological competitiveness and secure high-quality intellectual property in the global
landscape, this study analyzes the patent landscape in the organoid domain over the past 20 years. A
total of 1,405 patents filed or registered from January 2010 to December 2023 were collected from

five major jurisdictions: Korea, the United States, Japan, China, and Europe.

Technologies were classified into five categories: (1) organoid stem cell technology, (2) organoid
manufacturing and process engineering, (3) delivery and safety technologies for regenerative
therapeutics, (4) quality control systems, and (5) platform/convergence technologies. The organoid
field was identified as a growth-stage technology area, with a notable increase in both patent filings
and the number of applicants. The United States leads the field with 45% of total patents, followed by
Japan (17%), China (16%), Korea (13%), and Europe (9%).

Emerging technologies were evaluated based on the emergence level of keywords and their transition

periods. The top three promising technologies include:

¢ Automated organoid culture systems (transition time: 3.2 years, 32% faster than average; projected
ROI: 200-300%)

¢ Al-powered organoid analysis systems (evolution rate: 201%; paper growth rate: 67%,; projected
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ROI: 400—-600%)
* Personalized organoid platforms (transition time: 4.1 years; projected ROI: 400%).

Keywords: Patent

Introduction

Due to an aging population and an increase in chronic diseases, the demand for organ transplants is
steadily rising. However, the number of donors has not kept pace, leading to a persistent and chronic
shortage of organs. In fact, in 2023, the number of people waiting for organ transplants in Korea was
close to 50,000, and the organ donation realization rate remains low[1]. In this medical reality, there
is a growing need for regenerative medicine technologies that can provide patient-tailored
treatments. In particular, organoid technology, which uses stem cells to mimic the function of organs,
is attracting attention as an alternative that can overcome the limitations of existing transplantation
medicine. Furthermore, the importance of organoid technology is increasing as major regulatory
agencies, including the US FDA, are gradually phasing out mandatory animal testing and actively
encouraging the use of non-animal alternative testing methods like organoids. As a result, the
government has designated 'bio' as a national advanced strategic technology and has specifically
selected organoid differentiation and culture technology as a key area for intensive development[2].
Organoids are expected to play a major role in overcoming intractable diseases, developing
personalized therapies, and creating organ-replacement technologies[3]. Therefore, to secure
technological leadership and preempt the future healthcare market at the national level, it is urgent
to systematically analyze detailed patent trends of organoid technology and to identify technological

gaps and strategic directions for future development.

Methods

Patent Search

This study aims to analyze patent trends related to organoid differentiation and culture technology
through patent big data analysis. It will then analyze the technology transferability between papers
and patents using an Al-based predictive model to identify promising technologies from a patent
perspective. The patent search database used was Innography, and data was secured primarily from

five countries: South Korea, the United States, Europe, Japan, and China.

The core keywords used were organoid, stem cell, 3D, human organ, disease model, and regenerative

therapy. The final search query is as follows : (organ OR organoid OR organoids OR "patient-derived
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organoids" OR "healthy donor-derived organoids") AND (stem OR stem cell OR adult stem cells OR
iPSCs OR ESCs OR "adult stem cells" OR "mesenchymal stem cells" OR "neural stem cells" OR
"autologous stem cells" OR "allogeneic stem cells") AND (3D OR "3D culture" OR "three-dimensional
culture" OR "3D bioprinting" OR "direct cell printing") AND (brain OR liver OR kidney OR intestinal OR
lung OR retinal OR pancreatic OR cardiac) AND (disease OR diseases OR cancer) AND (drug OR
medicine OR pharma OR "damaged tissue" OR "organ replacement" OR "functional recovery" OR

"organoids for transplantation")

Table. 1. Final Patent Dataset by Country (2010-2023)

Selection Korea (KR) | United States | China (CN) Europe (EP) Japan (JP) Total
Process (US)
Final Data 189 632 220 121 243 1,405

Since the mid-2010s, as research and development of organoid technology became more active, the
overall number of patent applications has increased sharply. In particular, between 2013 and 2017,
there was a concentrated period of applications for advanced organoid-related technologies, led
primarily by the United States in Table 1. This is similar to the study of [4], which shows that patent

applications are increasing.

Total === ys e CN KR == F{

Figure. 1. Trends in patent applications by year

1.1 Topic Analysis

In an analysis of US patents related to organoids, the core keywords that emerged were precise control
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of the culture environment, stem cell-based technology, and the utilization of biochemical modulators
The most frequently appearing keyword was 'Culture Medium,' which appeared 121 times. This
highlights that creating the right environment for organoid survival and functional expression is
central to technological competitiveness. Keywords such as 'Extracellular Matrix' (appearing 93 times)
and 'Pluripotent Stem Cell' (appearing 80 times) also appeared frequently. This suggests that the
stability of the 3D structure and the importance of stem cell-derived technology are critical areas of
focus. It indicates that technologies that enable organoids to have a structure and function similar to

actual organs are being heavily researched. Methodology.

Figure. 2. Topic analysis of organoid

An analysis was conducted on the technology transfer time distribution (the difference between the
paper publication year and the patent application year), based on a dataset of 9,335 matched paper-
patent pairs. The results showed that the average technology transfer time was 4.7 years. The
distribution of transfer times was as follows: Less than 1 year: 19.2%, 2 to 5 years: 40.9%, 6 years or

more: 39.9% Theoretical Background in figure 3.
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Figure. 3. Technology transfer time difference analysis
To quantitatively understand the structural flow and semantic clusters of organoid-related technical
literature, this chapter applied BERT-based embedding and then used the UMAP (Unified Manifold
Approximation and Projection) technique to project the documents' semantic space onto a 2D plane
in figure 4. This process allowed us to visually represent the distribution based on technological
similarity and identify key areas. We were able to distinguish a central region where core technologies
are located, surrounding areas where applied technologies are distributed, and boundary regions that

show potential for technological convergence.
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Figure. 4. BERT Embedding Cluster Distribution (UMAP)

Results

Patent Bigdata Analysis

An analysis was conducted on the technology transfer time distribution (the difference between the
paper publication year and the patent application year), based on a dataset of 9,335 matched paper-
patent pairs. The results showed that the average technology transfer time was 4.7 years. The
distribution of transfer times was as follows: Less than 1 year: 19.2%, 2 to 5 years: 40.9%, 6 years or

more: 39.9%.

1.2 Promising Technology in the Future

Based on the results of a machine learning-based technology growth prediction model, the top five
promising technology groups expected to show the highest growth potential in the organoid field were
identified (Personalized Organoids, Scaffold, Organ-on-Chip, Regenerative, Single Cell). Each
technology group scored highly on various indicators, including recency, citation index, transfer time,
patent family spread, and convergence. The technological evolution intensity also surpassed the

average.
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Figure. 5. Growth Forecasts and Reliability Analysis of Organoid Technology

Conclusion

This study conducted an in-depth analysis of patent data using big data analytics to identify technology
trends and future strategies for organoid differentiation and culture technology, a key national
technology. The current organoid technology market is dominated by the United States, which
accounts for nearly half of all patents, and the technology's development is evaluated to be in the late
growth stage[5]. In this context, a strategic difference is evident: South Korea focuses on protecting
practical technologies such as organoid manufacturing methods, while the U.S. concentrates on
securing foundational and core technologies like culture media. Based on this analysis, "disease
model-based functional evaluation platform technology" related to improving stability was identified
as a technology gap. This is considered a core area with high potential for future technological

development
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TRIZ-IDEAS IN A SYSTEMATIC PRESENTATION
— APPLICATION OPTIONS FOR INNOVATION
WORK

Petr Shimukovich,

TRIZ consultant
Abstract

More than fifteen years ago | began developing a method of generating original ideas and creatively
solving problems, which | named “TRIZ-ideas in a systematic presentation”. Its foundation lies in the
achievements of classical Theory of Inventive Problem Solving (TRIZ) and modern systems theory. At
the initial stage of working on my authorial approach, the focus was primarily on the creative phase
itself—creating an effective mechanism for searching new non-trivial ideas. Subsequent work
demonstrated that the conceptual foundations of this approach can be effectively applied at other
stages of innovation development as well, including innovations across various fields such as technical,
organizational-management, household, etc. Below is a brief presentation of some results obtained

by me, presented in books [3] — [12].

Keywords: TRIZ, TRIZ-ideas in systematic presentation, method of creativity, creativity, innovation
Using My Approach to Generate Original Ideas

The primary purpose of my approach is efficient generation of original ideas. To create

something new according to my methodology, it’s essential to follow its general scheme (Fig. 1).

As shown in Fig. 1, broadly speaking, the entire sequence of actions required when creatively
addressing each successive problem or task can be represented as nine steps. During actual
implementation, each step may involve smaller components and have multiple possible
implementations. In particular, steps 7 and 8 are particularly variable, representing the core of
creative effort. It should also be noted that not all tasks require performing every single step in the
exact order depicted in Figure 1—the sequence might vary depending both on the nature of the

specific issue being addressed and the capabilities of the person working on it.

Since my approach is systematic, it employs systemic terminology and basic concepts from this

vast and rapidly evolving field of knowledge. Emphasize that only fundamental concepts are used
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here, so one needs to master just a limited amount of system-related knowledge.

I I. Delve into problem situation |

L)

. Formulate the goal of working
with the problem
Y
3. Identify the system underiying
the problem
Y

[ 4. Build a model of the system J
Y

5. Construct a model of the external
environment in which the system
under study is located
6. Formulate an assumption about
the causes of the problem
7. Perform systemic actions to sojve
the problems

Y
8. Idenufy the TRIZ contradiction
im the system and solve it by spatial
and temporal transformations

9. Check the obtained solution
and make the final choice

Fig. 1. General Scheme of Steps for Creative Problem-Solving

Thus, any challenge or situation requiring creation or modification must first be visualized as a

system (see Fig. 2).

Inlaraciom weh
ervronment

| Input
Output

Fig. 2. Graphical Representation of a System

When analyzing Fig. 2, attention should first be drawn to the output of the system. A system
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exists or is created for a specific purpose, determined by its output. The output represents the
usefulness, intended function, and ultimate goal of the system. Inputs into the system include
everything consumed during the execution of its function. The system contains diverse elements
whose list defines its composition. Variety among these elements is illustrated graphically through
different representations. Elements within the system interact with each other via connections that
define their relationships. These interconnections are indicated by lines (arrows) on the diagram.
Connections between elements can take many forms—unilateral, bilateral, feedback loops,
continuous, discontinuous, etc. Together, elements and connections form the structure of the system.
The system has certain dimensions and is separated from its environment by boundaries. Through
these boundaries, interaction occurs between the system and its surroundings. Over time, the system

undergoes changes, allowing us to distinguish its past, present, and future states.

At the input side of the system, materials (raw materials, products), energy (electricity, heat),
and information enter (or could potentially enter). Inside the system, they undergo transformations

before exiting in modified combinations.

After forming a systemic representation of a fragment of reality, further work involves

examining it through twelve aspects known in systems analysis:

- System-goal aspect: Determines goals for upcoming creative efforts and ensures their mutual
alignment.

- System-element aspect: Identifies individual elements constituting the given system.

- System-structure aspect: Reveals internal links and dependencies between elements within
the system.

- System-function aspect: Clarifies functional purposes for which objects were designed and
exist.

- System-resource aspect: Thoroughly identifies resources necessary for achieving solutions.

- System-integration aspect: Establishes properties ensuring cohesion and efficiency of the
whole system.

- System-communication aspect: Examines external connections of the system with others, i.e.,
interactions with its environment.

- System-historical aspect: Allows identifying conditions under which the system emerged, its
developmental phases, current state, and potential future prospects.

- System-management aspect: Studies how the system maintains direct functioning amidst
internal and external disturbances.

- System-information aspect: Focuses on data transmission, reception, storage, and processing
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inside the system and in relation to its environment.

- Virtual-modeling-system aspect: Highlights possibilities for applying virtual reality and models
for effective solution-finding.

- Reconstructing-system aspect: Analyzes interrelations and potential transitions between

human beings and technological devices.

An aspect refers to a point of view; hence, considering a system from these twelve perspectives

provides comprehensive insight. This process of examination can be visually represented as follows

(Fig. 3).

Reconstructing

Virtual-
modelling

Fig. 3. Aspect-Based Analysis of Systems

Each aspect includes a set of actions based on TRIZ principles. Note that these actions do not
merely rely on techniques like resolving technical and physical contradictions but significantly modify
them because relatively young aspects such as informational, virtual-modeling, and reconstructing did

not exist at the formation stage of classic TRIZ.

On Step 7 (Fig. 1) of the creative process, desired solutions are sought by comparing existing
situations against outcomes resulting from executing specific actions derived from selected aspects.
Highlighted here is that we don't exhaustively test all available actions but rather limit ourselves to
those belonging to a chosen aspect. This structured selection guides innovators toward selecting
preferred aspects followed by prioritizing relevant actions within that aspect, thereby reducing

workload.
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The solution obtained at Step 7 must undergo analysis and, if possible, be strengthened through
formulating and resolving a contradiction at Step 8. It is important here to adhere to the established
TRIZ rules for working with physical contradictions. | refer to this type of contradiction as a TRIZ-
contradiction. It's worth noting that this isn’t just a simple term substitution but also involves

significant adjustments to how we work with these contradictions:

- Every subsequent use of the term "TRIZ-contradiction" obliges new users, who may have limited
knowledge about TRIZ, to pronounce the word "TRIZ," gradually turning them into supporters
and active users of TRIZ, especially given the impressive results achieved upon successful

resolution of the contradiction;

- As TRIZ expands its scope, including business tasks, the traditional term "physical contradiction"
often does not align with reality. For instance, problematic communication between a manager
and employee frequently lacks a clear physical basis, instead highlighting psychological factors,

emotions, and interpersonal skills.

It should also be noted that there are only two proposed methods for resolving a TRIZ-
contradiction: spatial separation and temporal separation. This approach fully corresponds to
philosophical principles. Reviewing the classical eleven techniques for resolving physical
contradictions reveals redundancies. For example, Technique No. 7 states: "Phase Transition 1:
Changing the phase state of part of the system or external environment." However, within this text
itself, it clearly indicates that the state of a system component can change — either over time or in

space, leaving no other options.

While reducing the number of potential ways to resolve contradictions, our developed method
significantly broadens the situations where contradictions might arise. Thus, their count increases
beyond the classic eleven types found in the list of techniques for resolving physical contradictions
(systemic, phase-based, and physico-chemical transitions). All feasible scenarios directly stem from
analyzing the graphical representation of the system's structure (Figure 2), which allowed us to refine
the definition of a TRIZ-contradiction: «A TRIZ-contradiction is a situation where task conditions

impose conflicting requirements on any of the following components:
- The entire analyzed system
- An element of the system
- Relationships between elements

- Resources consumed by the system
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- Functions performed by the system
- Interaction of the analyzed system with its surrounding environment».

Based on modern systems theory, working with TRIZ-contradictions has become sufficiently
formalized. According to this definition, achieving new outcomes could involve endowing properties

not to parts of the system, but to sub-elements or relationships between them.

The process outlined in Figure 1 applies equally well both to technical systems consisting of
mechanical, hydraulic, electronic, etc., components, and to social systems composed of people or

groups of individuals.

For example, a generic action such as “change, consider adopting new characteristics”
formulated at a high level of abstraction still allows similar transformations to occur regardless of
context. If it's a technical system, this action might mean increasing material hardness. When applied
to individuals, it translates to training or gaining experience. By posing and resolving contradictions,
you determine, for instance, that enhancing component hardness might be needed only locally in
areas subject to heavy loading. Similarly, employees can be trained concurrently while fulfilling regular

duties.

In my book [6], | provide numerous examples illustrating how famous figures like J. Bezos, S.
Jobs, E. Musk, H. Ford, L. lacocca took significant steps towards their objectives, yet all their activities
align perfectly with the formulation of systemic actions found in my approach. Differences arise due
to subjective qualities influencing choices. Thus, my framework incorporates actions like adding an
element, removing an element, establishing a connection, severing a link, etc. Henry Ford favored
actions leading to elimination of unnecessary or secondary elements ("remove"), aiming primarily at
cost reduction. Steve Jobs too pursued simplification, albeit focused more on product essence rather
than cost-cutting. Hence, seemingly simple actions like "remove" can yield profoundly varied results
when executed differently, enabling both Ford and Jobs to achieve what we know today about them.
The author of study [1] labels Ford as the "most prominent implementer of price-simplifying strategy,"
whereas Jobs becomes the pioneer of principled simplifiers. Actions involving verbs like "add"
frequently emerge early in creating new products, offering easier though more expensive ways to

generate innovations.

Therefore, my approach is equally applicable to both technical and organizational management
challenges. Shifting emphasis onto leaders, | believe that familiarity with methods of creativity,
including mine, will enhance decision-making quality by infusing innovative thinking into their

processes.
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Other Applications of My Approach

Practical application of my developed approach for generating original ideas showed its
effectiveness in real-world problem-solving and simultaneously highlighted opportunities for broader
use beyond idea-generation alone. Referring back to Figure 1, let me draw your attention to the first
two steps of the sequence, which are also beneficial to execute using the proposed checklist of actions.
Moreover, innovation does not end with ideation—it continues with evaluating solutions, patenting,

and practical implementation. Here's a concise overview covering key points mentioned earlier.

Initial Situation Analysis

Psychologists describe problematic situations as vague impressions signaling “something's
wrong” or “not quite right” [14]. The aim of the first step (Fig. 1) is to clarify and specify these
uncertainties. Given that the systemic approach facilitates thorough and holistic analyses, it serves as

a valuable tool here.

How can one analyze a situation systematically? One way is to convert the names of systemic

aspects into questions, e.g.:
- What is the purpose of the situation?
- Which elements define the situation?
- How are these elements connected?
- What structural organization characterizes the underlying system?
- On which function does the situation impact?
- What resources does the system consume?
- What unique properties make up the identity of the system?
- How does the fragment of reality being analyzed relate to its surrounding environment?
- How has the situation evolved historically?
- How is the situation managed?
- Where and how does information manifest in the situation?
- Are there models or fragments of virtual reality embedded in the situation?
- Does artificial intelligence play a role in robotic devices involved in the situation?

A deeper analysis can be achieved by sequentially matching the situation with actions included
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in each aspect. For instance, six actions fall under the elemental aspect. They can guide inquiry along

these lines:
- Which properties of elements are considered important in the situation?
- How are these properties characterized in terms of parameters (dimensions, mass, shape)?
- What positions do the elements occupy?
- How many inputs/outputs does each element possess and how are they utilized?
- Can elements be replaced with alternatives, possibly with differing attributes?
- Would breaking down elements into subsystems deepen understanding of the situation?

Specific actions are inherent to each aspect. Sequential iteration through these actions enables

precise description and comprehension of the initial situation.

| anticipate possible objections from innovators: "It's overly complex!" This critique would hold
merit if the aspectual approach were solely applied for situational analysis. However, since it
integrates seamlessly into main creative procedures and additional innovation stages outlined above,

concerns regarding complexity become irrelevant.

Goal Formulation for Addressing Problems

Goal formulation falls under the purview of the target-oriented aspect of my approach. It's
assumed that an innovator tackling a problem has thoroughly completed the first step, acquiring clear
insights into the initial problematic scenario and the problem needing resolution. Based on this
foundation, he proceeds to formulate goals adhering to SMART criteria: Specific, Measurable,

Achievable, Relevant, Time-bound.

My implemented aspect-based approach precisely supports achieving goals aligned with these

criteria.

What does this imply practically? Goal statements benefit from incorporating phrases explicitly
linking the outcome to specific systemic aspects. Failure to connect the overall goal statement with a
systemic aspect may be justified only in cases of extreme ambiguity, rendering even broad goal-

formulation beyond reach.
To illustrate this concept, refer to the generalized schema below (Fig. 4):

This diagram modifies the version previously seen in Fig. 3. Therefore, it remains typical within

my framework without imposing excessive memorization demands on innovators. Nonetheless, it
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introduces distinct features.

Firstly, instead of a central system, the centerpiece of this diagram houses dual goals: Goal-1,
or preliminary administrative-level phrasing (“goal-wish”), and Goal-2, final goal formulation enriched

with reference to a preferable systemic aspect.

Functional

Resourcing

1. Primary
goal
formulation

2. Final

goal

formulation

Fig. 4. Towards Goal Definition Process Structuring

Secondly, the number of aspects available for inclusion in the goal formulation text is restricted
to nine. This stems from the fact that the target aspect is inherently engaged. Meanwhile, the
elemental and structural aspects lack independent functional significance, serving merely as means to

express/implement the substance of the remaining nine aspects, displayed in the diagram.

Thirdly, unidirectional arrows pointing from aspects to the system, signifying multi-dimensional
scrutiny, are now bidirectional. Dashed arrows extending from Goal-1 to aspects indicate sequential
consideration of individual aspects (or movement toward a specific aspect, provided sufficient
grounds exist) to assess whether resultant improvements qualify for incorporation into the final draft.

Once a preferred aspect emerges, solid arrows reflect its integration into Goal-2.

Here's an example: The goal might initially read, "Increase financial performance of Workshop
No. 1 by 15% next year." Superficially, this seems acceptable and SMART-compliant. Applying the
aspectual approach transforms it into a highly targeted objective: "Next year, increase financial
performance of Workshop No. 1 by 15%, specifically by lowering electricity consumption (Resource
Aspect)," or "Next year, raise financial performance of Workshop No. 1 by 15% through improved

logistics with Warehouse and Workshop No. 2 (Communication Aspect)," or "Next year, boost financial
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performance of Workshop No. 1 by 15% by improving labor productivity (Function Aspect)" etc.
Naturally, achieving the desired 15% improvement might necessitate adjustments in resource usage,
logistics, and productivity enhancement—but each task requires separate handling, potentially
invoking creative solutions grounded in my approach. From this example, advantages of aspect-driven

formulations are evident without further elaboration.

Evaluation of Solutions Derived Creatively

During creative work, several solutions often emerge, prompting Step 9 (Fig. 1) aimed at
selecting the most favorable option. Various evaluation strategies may apply, bearing in mind the

notion of an "ideal system" introduced in TRIZ.

Classical TRIZ defines an ideal system as one that ceases to exist physically while retaining
functionality [2]. While abstract, this definition encourages minimizing weight, size, energy
consumption, eliminating harmful effects, etc. [13]. Although unrealistic, this unreachable ideal

possesses immense heuristic power, guiding innovators' aspirations.

| propose a more concrete perspective using my 12-aspect framework. Each of the twelve
systemic aspects enables detailed problem exploration and proposal of action plans capable of
enhancing circumstances. Since best-performance proposals under each aspect represent local
optimalities, collectively, they converge toward a globally ideal solution. Hence, the Ideality Concept
Introduced in TRIZ Is Decomposed Into Twelve Smaller Components Within My Framework. Each
component can be assessed independently according to its own criterion. Consequently, a system

qualifies as ideally suited for specific applications if:

- Every object (connection) within the system carries intrinsic value, performs its designated

function, and occupies exactly where and when it is truly needed.
- Structure optimizes according to defined criteria, typically hierarchical or network-like.
- Potential of each object fully contributes to its principal function and supplementary roles.

- Minimal personnel involvement and associated costs prevail; employed machinery exhibits

minimal mass and volume; lifecycle resource consumption reaches minimum levels.
- New systemic qualities emerge, absent in individual components.
- Optimal interaction with the environment is ensured.
- Required diversity of control mechanisms is realized or explored.

- Necessary information variety is exhibited.

269



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, Jeju Island, South Korea

- Prospects for system evolution exist.

- Models or fragments of virtual reality are integrated appropriately.

- Proportion between humans and Al-powered devices in operation is optimized.
- Creation intent matches actual operational behavior.

Note that these criteria allow quantifiable expression, facilitating assessment of creative
endeavors throughout execution and upon completion. Contribution of individual aspects to overall

ideality metrics can be evaluated using methodologies akin to multicriteria optimization.

Patenting Creative Outcomes

Patenting procedures are intricate, governed by legislation and regulations varying across

countries. Therefore, I'll touch briefly on issues influenced directly by my approach.

Immediately note the importance of systemic terminology. Due to its broad applicability, it can
be recommended for invention claims seeking umbrella patents. However, caution is crucial to avoid

transforming patent submissions into abstractions.

Twelve systemic aspects of my approach, alongside corresponding sets of systemic actions,
serve as explicit recommendations for transformative iterations converting prototypes into novel
technical solutions. Regarding multi-clause formulas, these aspects act as guidelines for dependent
claim variations. Depending on the inventor's proficiency, clarity of envisioned formula design, depth
of preparation, and interest in maximizing patent scope, my tools offer the following options for

devising dependent clauses:

- Sequential review of systemic aspects and dependent clause formulation informed by their

substantive implications.
- Combining systemic aspects and crafting dependent clauses leveraging advantageous pairings.
- Iteratively reviewing systemic actions and framing dependent clauses based on their essences.

- Integrating systemic actions into dependent clauses formed through advantageous cross-aspect

combinations.

Simply put, the inventory of aspects and systemic actions acts as a reference, granting greater
flexibility to innovators as brainstorming alternative prototype modifications shifts to exploring

predefined change scenarios guided by specified actions.

Further diversification of dependent clause wording and reinforcement of the solution's
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integrity can be achieved by formulating and resolving TRIZ-contradictions through spatiotemporal
transformations applied to generated variants. Leveraging my approach yields robust single-clause

patents and enables generating numerous dependent clauses.

Applying my methodological tools in the suggested sequence leads to a valid standalone patent
claim while progressively generating substantial variations suitable for inclusion as dependent clauses,
thus expanding the scope of umbrella patents. As an illustration, my approach encompasses 86
systemic actions. Assuming successful exploitation of each action to derive a unique dependent clause,
the total count approximates maximum limits observed in select patents (100-200 clauses). Further
expansion can be achieved combinatorically by merging systemic actions from disparate aspects. Even
modest research ambitions suffice to attain satisfactory patent coverage focusing exclusively on

systemic aspects.

In Book [8], | examine 11 randomly-selected patented technical solutions spanning devices,
methods, substances—classics of invention. Comparing them to my approach revealed direct
correspondence: All solutions originate directly from applying my framework. Consequently, any
innovator grappling with critical challenges can replicate this path to obtain patentable solutions. Let
me emphasize that my intention isn't explanatory: "Here’s a patented solution explained through my
approach." Instead, drawing on empirical evidence, | assert that my methodology equips users to
develop patentable innovations. Classical TRIZ shares this capability, formalizing principles and
techniques accordingly. My contribution lies in grounding my work systematically and synthesizing

experiences of specialists across disciplines tied closely to systems theory.

Notably, out of eleven examined examples, only five feature resolutions of TRIZ-contradictions.
Thus, these five stand stronger compared to others, leaving room for incremental refinement

elsewhere.

| contend that my approach comprehensively addresses patenting requirements across diverse

contexts.

Embodiment of Creative Results

My approach proves equally viable for implementing (materializing) creative outputs.

Illustrated in Book [8] is a model (Fig. 5) depicting the embodiment of technical results as a system.
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Fig. 5. Model of Technical Result Embodiment System

Symbols 1' — 1" denote the technical device undergoing fabrication at different readiness
stages—that is, the creative result the innovator intends to materialize. Digit 2 indicates the innovator
committed to realizing his creative vision. Symbol 3 denotes colleagues and staff members interacting
with the innovator during realization, who influence the manufacturing process. There may be

multiple participants across various project phases.

From the analysis of Fig. 5, we observe a system where prior algorithms discussed for creative
phases remain applicable despite notable distinctions. Specifically, dealing with Element 1 entails
working with the technical system referred to as a "hard" system. Object-focused and subject-
centered facets of this task are extensively covered in my book. Conversely, engaging with Element 3
pertains to human interactions within "soft" systems. Subject-centric work dominates here,
encompassing overcoming resistance, debates, negotiations, conflicts, etc.—all contextualized within
my framework. Its systemic foundation organizes these processes, making them accessible to

engineers lacking expertise in negotiation, conflict resolution, or related specializations.

It bears noting that completing a prototype embodying the innovator's initial idea marks a
significant milestone but not the endpoint. Challenges ahead include organizing mass production,
supply chain management, market promotion, etc. Across these activities, countless instances

demand creative interventions, either with or without the innovator's participation.
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Conclusions

My developed creative procedure, blending traditional TRIZ achievements with contemporary
systems theory, stands as an effective tool for generating original ideas. Owing to its systemic
foundation, it extends equally efficiently to other stages of creative engagement across diverse

domains—technical, managerial, domestic, etc.:
- Analyzing initial situations,
- Defining objectives for identified problems,
- Evaluating outcomes using composite aspect-based ideality criteria,
- Patenting creative results,

- Materializing creative outputs.

Mastering my approach empowers innovators to repeatedly apply it across pivotal
stages of their projects, amplifying efficiency by integrating systemic creative solutions into

a wide range of actions.
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Abstract

Icing is one of the most serious threats to air traffic. The accumulation of solidified water on structural
elements increases the aircraft's weight, impairs its controllability, disturbs the operation of sensors
and incurs other undesirable effects. As the problem has been known since the beginning of aviation
history, several solutions are currently in use to prevent ice accretion (anti-icing) or remove the ice
(de-icing). Difficulties resulting from the weather conditions also apply to drones (Unmanned Aerial
Vehicles — UAVs). Unfortunately, most of the solutions used in large aircrafts are unsuitable for drones,
particularly electric rotor drones preferred in urban space due to vertical take-off and landing
capabilities. The significant weight of additional components (e.g., tanks with glycol) or additional
energy expenditure for electric heating or electro-mechanical de-icing makes regular solutions
unusable for such UAVs.
This paper briefly describes a patent-pending drone heating system, which uses exothermic reaction
as an energy source and minimizes weight overhead. The solution was developed with basic TRIZ tools,

and ChatGPT was employed during the ideation and substantiation phases of the project.

Keywords: TRIZ, ChatGPT, UAV, drone, anti-icing, de-icing, exothermic reactions.
Background

In 2016, our company started drone-related activities, which resulted in launching a project aimed at
providing medical transportation services using UAVs the following year. Since the primary intended
applications were urgent transfusion blood delivery, the project was named AirVein. Pentacomp is a
mature software house operating since 1995, but as newcomers to the drone world, we acquired a

partner to combine our complementary software-hardware skills.

My TRIZ journey started in 2015, so this project allowed me to apply the tools learned during Level 1
and Level 2 training. Consequently, the examples regarding drones appeared in several publications

[1-4], and the encountered problems inspired the development of the Advanced Cause-Effect Chains
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Analysis method [5], defended as the TRIZ Master's thesis in 2022.

The project brought intended technical outcomes, namely a cargo drone prototype capable of
transporting shipments in Beyond Visual Line Of Sight mode under control of an application software
managing and monitoring system functions in real time. While the expected business goals have not
been fully achieved due to regulatory and other reasons, this adventure resulted in identifying a few
challenges worth further consideration, such as supporting obstacle detection and increasing drone

usability in adverse weather conditions, resulting in ice accretion.

Since the wingless electric rotor drones only generate lift force using propeller blades, much power is
used for counteracting gravity, so that increasing the weight or consuming extra energy from the
battery directly affects the payload and flight time, which are the main application characteristics of a
cargo drone. Therefore, the crucial constraints when developing solutions for this category of UAVs

are to minimize the weight of a drone and onboard battery drain.

To approach the mentioned challenges in the TRIZ way, the ideal solutions derived from the useful

functions and project constraints have been formulated as follows:

The system detects obstacles by itself during flight time without increasing drone weight, draining the

onboard battery, or generating any additional costs or harmful effects,
and

The system eliminates icing by itself during flight time without increasing drone weight, draining the

onboard battery, or generating any additional costs or harmful effects.

For the first topic, | followed the recommendation of using resources readily available in the system
or supersystem and the Inventive Principle blessing in disguise (or harm into benefit), which led to the
idea of applying the acoustic waves generated by the propellers (i.e., noise) as the echolocation signal.
Regrettably, the literature analysis quickly indicated that a patent application describing a similar
solution had been filed [6], and a few granted patents from the drone and automotive industry were

also identified [7-9]. Therefore, the following paper sections focus on the second topic.

Icing, anti-icing and de-icing

Icing is a phenomenon consisting in the solidification of supercooled water droplets on aircraft
elements, especially on and near the areas perpendicular to the velocity vector, which translates to
the front edges of the airfoils and hull plating fragments facing flight direction. The outcomes of this

process depend on temperature. The clear ice usually forms between 0°C and -10°C but may occur in
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temperatures as low as -25°C. The droplets freeze relatively slowly, building up a transparent glaze
layer which changes the shape and increases the weight of the airfoils. The rime ice builds up rapidly
due to the air trapped between water droplets freezing quickly upon impact, and looks milky white. It
may be encountered between 0°C and -40°C, but most frequently forms in the temperature range of

-10°C to -20°C. The mixed ice usually appears between -10°C and -15°C [10].

In addition to aerodynamic degradation caused by increased aircraft weight and distorted airfoil
profiles, icing may also impact engine operation due to partially blocking air intakes and affecting the
sensors' operation. Various solutions to the icing problem are known for manned aircrafts, which fall
into two main categories, dubbed as anti-icing (reducing susceptibility to icing before or during the
flight) and de-icing (removing the ice coating in-flight), including:
e chemical methods — e.g., spraying airfoils and propeller blades with glycol to protect them
from ice deposition,

® mechanical methods — e.g., forcing changes in the shape of flexible elements of the support
wing under the influence of internal gas pressure, causing crushing of the deposited ice
coating,

e electrical methods — e.g., heating structural elements with the use of electric current,
protecting against icing and removing embedded ice,

e hybrid methods — e.g., crushing of the ice layer with piezoelectric elements changing
dimensions under the influence of electric voltage (electrostriction).

An extensive overview of existing and emerging solutions for crewed aircrafts is provided in [11],
which also mentions a prototype glycol spraying installation for a rotor drone. Only a few of the
presented anti-icing and de-icing technologies were commercially available at the publication date
and certified on older types of small and medium-sized aircrafts. Most of these technologies are

patented.

The described drawbacks resulting from icing also affect electric rotor drones, although much lower
flight height and speed, together with flight time limited by the capacity of the onboard battery,
translate to smaller ice accretion. Still, most of the solutions used in large aircrafts are unsuitable for
such drones, due to the significant weight of the additional components or the energy required.

Therefore, known approaches focus on preventive actions, such as:

e shaping the drone casing in a way that hinders the growth of the ice layer,

e coating the drone components with hydrophobic substances that reduce the susceptibility to
the formation of an ice layer,

e using the heat generated during the flight in the propulsion system to heat the appropriate
elements of the structure.

Insufficient effectiveness of passive approaches stimulates the development of hybrid methods, like
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combining hydrophobic coating and piezoelectric effectors [12] and using new materials, like carbon
nanoparticles [13]. It should also be noted that in the case of the large jet aircrafts, the ice forms
primarily on and near the wing and stabilizer leading edges, while for electrical rotor drones, the
propeller blades are affected by icing the most [13, 14]. This difference makes the problem even more
challenging since the propeller is connected to the drone solely through the motor shaft.
Consequently, some solutions aim to directly attach an effector with a small power source to the

propeller.

The design described in [15] used a light supercapacitor powering a resistive heating element placed
near the leading propeller blade edge. The heating device delivered a power density of about 1 W/cm?
for over 10 minutes, corresponding to an energy of about 600 mWh. The device weighed 80 g,
translating to approximately 75 mWh/g (270 J/g). The rotor was tested in a wind tunnel for different
temperatures and different water contents in the air. The presented results indicate that for
temperatures above -5°C, the lift force of the original rotor was decreased to 60+90% of the nominal
value, while for the rotor heated under the same conditions, it did not fall below 95%. Since the
heating below -8°C turned out to be insufficient, the authors suggested increasing the heating

intensity above 2 W/cm? in the vicinity of the leading edge, where most ice is deposited.

Approaching icing with TRIZ

The Ideal System description in section 1 may be interpreted so that icing elimination should be
performed without providing any extra energy, or the required energy should be taken from the
supersystem. As the former approach did not bring solution directions beyond applying specific shapes
or materials, which were explored before, the latter perspective appeared more interesting. Sunlight
provides free electromagnetic energy, which may be used for heating. However, relying solely on this

source would exclude system operation on dusk and cloudy days, not to mention nighttime.

Another electromagnetic energy source is RF radiation emitted by power lines, cellular base stations
and other communication equipment. Unfortunately, due to the relatively small reception area
offered by rotor drones and the yield of RF and hybrid solar-RF energy harvesting devices [16-20], the

estimated energy density was orders of magnitude below the W/cm?target.

Even if sufficient electromagnetic energy could be effectively harvested from the supersystem, we still
need to convert it into heat dissipated in specific drone components — in particular, the propeller

blades. So we come to two Physical Contradictions (PCs):

The energy must be transmitted to the propellers to dissipate heat along the edges, BUT the energy
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must not be transmitted to the propellers to maintain the required performance.

The additional components must be installed to acquire, convert and transmit energy, BUT the

additional components must not be installed to maintain the drone's weight unchanged.

The first PC may be solved by using the motor shaft as a heat pipe transporting the heat generated in
the motor to a custom propeller capable of dissipating the heat along the blade edge without affecting
its weight or aerodynamic characteristics. While this idea seems viable, it somewhat repeats one of
the mentioned approaches. It should be noted, however, that replacing commodity drone

components with their custom counterparts may also pave the way for solving the second PC.

Following this concept, we may reinterpret the Ideal System description so that instead of harvesting
the required energy from the supersystem, we may think about replacing standard propellers with
aerodynamically equivalent custom propellers capable of releasing on demand internally stored

energy as heat dissipated in specific regions.

Solution generation

The first association that came to my mind was a heating pad. Chemical heaters are widely available
for medical purposes (plasters, compresses) and tourists (insoles for shoes, gloves, etc.). They often
use catalytic oxidation of moist iron dust with oxygen from the atmosphere or crystallization of a
supercooled salt solution (usually sodium acetate) [21]. In the first case, the reaction is initiated by
opening an airtight package and in the second, by a mechanical stimulus. Other solutions use the heat
generated when a substance (usually calcium chloride) dissolves upon breaking the barrier separating
two parts of the heater, or substances with a high specific heat (usually gels), which may provide long-

term heating due to high heat capacity.

ChatGPT was used at this stage to identify other substances capable of generating heat by physical or
chemical reactions. After rejecting thermite mixtures, Magnesium alloys and pyrophoric metals for
safety reasons, the list comprised Iron-based heating pads, phase change materials, shape memory

alloys and resin polymerization, which was the selected direction.

Polymerization of various liquids or gels used to apply hardened coatings, e.g., in medicine and the
semiconductor industry [22], is exothermic, and some reactions are self-sustaining after initiation with
radiation or an electric stimulus of adequate energy. Depending on the monomers and activators
used, UV radiation with a wavelength of 250400 nm and an energy density of 10200 mW/cm? is
used for photo-polymerization, while some processes may be activated by visible light [23], and for

electro-polymerization, voltages in the single volt range may be used.
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In addition to safe initialization options, the polymerization may generate energy with sufficient
density. For example, during UV-initiated photo-polymerization, vinyl esters emit approximately
250+450 J/g, typically raising the temperature to 80+150°C, while epoxy resins emit approximately
200+500 J/g, typically raising the temperature to 100+150°C. Electro-polymerization of Polyaniline
after initiation with a voltage of 1.0+1.5 V releases energy with a density of up to 1000 J/g, typically
raising the temperature to 50+100°C. Temperature values quoted in the literature refer to typical
technological processes. The actual temperature in a particular reaction depends on the type and

mass of the substance used and the conditions under which heat is dissipated to the environment.

Several variants of the proposed solution are described in the patent application [24], covering
disposable rotor blades intended for single use (Fig. 1a) and reusable blades with detachable heating
fragments (Fig. 1b). The preferred activation method is to use a UV beam, applied either before drone

take-off or during flight time by onboard emitters upon detecting icing conditions.
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Fig. 1. Propeller blades with integrated (a) and detachable (b) heating inserts [24]
Solution substantiation

The solution idea was substantiated using ChatGPT 40 prompted to simulate heating and cooling
processes, with some complications described in [25]. The simulation reflected a single laminated
carbon fibre rotor blade with parameters modelled after the DJI AGRAS T30 drone [26] and an epoxy
resin used as a heat source representing 1%, 2%, 5%, and 10% of the element's weight approximated
as 100 g, assuming conservatively an energy efficiency of 300 J/g for polymerization and turbulent air
cooling at an ambient temperature of -20°C. Simulation was performed for heat transfer across the
entire surface of the element (100%), and assuming that heat is dissipated by the area near the leading
blade edge, constituting 20%, 10% and 5% of the surface, respectively. The obtained plots are

presented in Fig. 2-5 below.

Despite the simplified parameterization, the obtained diagrams reasonably maintain the shape of the

curves showing the heating phases of the element during polymerization and gradual cooling after its

280



Proceedings of the International TRIZ Conference ITC-2025: September 25-27, Jeju Island, South Korea

completion. The duration of the polymerization process and the maximum temperature grow with the
growing content of the resin. As the efficiency of heat dissipation to the environment decreases, the
warm-up time to the maximum temperature decreases and the cool-down time increases. The control
plot for the ambient temperature of -15°C shows the shift of the individual ranges, confirming the

simulation's consistency (see Fig. 6).

Fig. 2. Heating and cooling for various resin contents at -20°C with 100% surface dissipation

Fig. 3. Heating and cooling for various resin contents at -20°C with 20% surface dissipation
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Fig. 4. Heating and cooling for various resin contents at -20°C with 10% surface dissipation

Fig. 5. Heating and cooling for various resin contents at -20°C with 5% surface dissipation

Fig. 6. Heating and cooling for various resin contents at -15°C with 5% surface dissipation
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Discussion

Simulation results indicate that with a content of 5% resin and limiting the heat transfer to 5% of the
surface, it is possible to maintain a positive leading edge temperature for ~30 minutes at an ambient
temperature of -15°C and for ~70 minutes at -10°C. With a content of 10% resin and an ambient
temperature of -20°C, it is possible to maintain a positive leading edge temperature for ~20 minutes
with a heat transfer over 100% of the surface, for ~35 minutes at 20%, ~55 minutes at 10%, and ~85

minutes at 5%, which confirms the applicability of the solution.

While the estimated heating periods may not seem impressive, it is worth noting that the flight time
of electric rotor drones is usually below 60 minutes, and the AGRAS T30 drone with a standard 29 Ah

battery is specified to fly 20.5 minutes for a take-off weight of 36.5 kg.

Although the self-heating propellers will likely be more expensive than regular ones, they still may be

attractive in mission-critical application areas, such as search and rescue.

Summary

This paper describes a TRIZ-based approach to problem solving directed by the Ideal System
description and supported by using ChatGPT in the ideation and substantiation phases of the project.
Two Physical Contradictions were formulated and solved by bypassing and satisfying contradictory
demands, respectively. The developed solution idea of icing elimination by drone rotor blades starting
self-heating upon activation of exothermic polymerization of epoxy resin was generated using
inspiration from several Inventive Principles (local quality, dynamicity, parameter changes, self-
service). While ARIZ would presumably yield more solution directions, this study demonstrates that
sound results may be obtained with the basic TRIZ tools taught during Level 1 and Level 2 certification

workshops.
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Abstract

This study presents a successful case in which the freezing issue of the evaporator within a chiller
system used in the semiconductor HBM DRY ETCH process was effectively resolved using TRIZ
methodology. Through functional analysis, the root cause was identified as repeated moisture ingress
into the coolant, which led to the formation of ice layers inside the evaporator. This disrupted heat
exchange with the refrigerant and caused frequent equipment shutdowns. As a result, various
operational issues occurred, including reduced equipment uptime, process delays, and increased
maintenance costs. To address these problems, the TRIZ substance-field analysis was applied to
visualize the interactions between substances and energy within the system and identify inefficient
mechanisms responsible for icing. Based on the analysis, a practical improvement solution was derived
that effectively blocked moisture ingress and prevented icing without major structural changes to the
system. As a result, equipment failure incidents were reduced by approximately 71%, and annual
maintenance cost savings of over 300 million KRW were achieved. This study demonstrates that TRIZ-
based creative problem-solving methodologies can make a significant contribution to improving the

quality and reliability of semiconductor process equipment.

Keywords: TRIZ, Function Analysis, Substance-Field Analysis, HBM, Evaporator Icing, Semiconductor
Equipment
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Introduction

Modern society is experiencing rapid advancements in data-driven technologies such as Artificial
Intelligence (Al), autonomous vehicles, high-performance computing (HPC), virtual reality (VR), and
big data analytics. These technologies demand high-speed and high-density memory semiconductors
capable of processing and transmitting vast amounts of data in real time. To meet this demand, High
Bandwidth Memory (HBM) has been developed. HBM is a next-generation DRAM technology with a
3D stacked structure standardized by JEDEC, offering wide data channels, high transfer speeds, and

low power consumption [1][3].

The manufacturing process of HBM chips is extremely precise and complex, with the DRY ETCH
process being a critical step to ensure both structural integrity and electrical connectivity [Fig. 1]. In
this process, precise temperature control is essential for maintaining wafer quality and process

uniformity, and a chiller system using refrigerants and coolant is employed to achieve this.

However, under low-temperature operating conditions (approximately —10 °C to —15 °C), repeated
moisture ingress into the coolant leads to icing within the evaporator. This causes abnormal
refrigerant compression, which results in equipment shutdowns. Consequently, various operational
issues arise, including production delays, reduced equipment uptime, and increased maintenance

costs.

To systematically analyze the root causes of these problems and derive viable solutions, this study
applies TRIZ (Theory of Inventive Problem Solving). TRIZ is a creative problem-solving methodology
that utilizes systematic tools—such as inventive principles, functional analysis, substance-field
analysis, and standard solutions—to resolve technical contradictions encountered across various

industries [2].

Y

Fig. 1. Introduction to HBM ETCH process
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Problem Analysis

Process Issue

The ETCH (etching) process utilizes high-energy plasma and reactive gases, making wafer surface
temperature control a critical factor in determining process quality. In this context, the chiller system
plays a key role in stabilizing wafer temperature by circulating coolant (FC3283) through the
Electrostatic Chuck (ESC). Heat generated from the plasma is directly transferred to the wafer, and if
overheating occurs, it can result in process defects such as degradation of etch uniformity, over-

etching, and particle contamination.

To prevent such issues and maintain consistent etching quality, the chiller precisely controls the
coolant temperature within a designated range and delivers it to the ESC, thereby maintaining thermal

equilibrium between the wafer and the ESC.

However, when moisture-contaminated coolant circulates under low-temperature conditions, an ice
layer forms inside the evaporator. This phenomenon reduces the heat exchange surface area and
causes abnormal refrigerant compression (exceeding 5.3 kg/cm?in compressor pressure), which leads

to overall degradation of system performance.

As a result, approximately 30 chiller malfunctions are reported monthly, leading to more than 90 hours
of equipment downtime. In addition, recurring chiller replacements incur maintenance costs of

approximately 300 million KRW per month.

Understanding of Chiller Refrigeration Cycle

In general, chillers used in semiconductor processes operate based on the vapor compression
refrigeration cycle, which consists of four main components: a compressor, condenser, electronic

expansion valve (EEV), and evaporator. The operating principle of this cycle is illustrated in [Fig. 2].

First, refrigerant is compressed to a high temperature and high pressure in the compressor. It then
passes through the condenser, where it exchanges heat with external cooling water and condenses
into a liquid state. This high-pressure liquid refrigerant flows through the expansion valve, where it
undergoes a pressure drop and temperature decrease before entering the evaporator. Inside the
evaporator, the refrigerant exchanges heat with a brine-type coolant (e.g., FC3283) and vaporizes. The

vaporized refrigerant returns to the compressor, repeating the cycle [4][5].

Recent domestic patents and research show that semiconductor-specific chillers are being designed

not only with single-loop systems but also with dual or triple-loop refrigeration circuits, and cascade
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structures, allowing simultaneous high- and low-temperature operations or ultra-low temperature

cooling [6].

In particular, the electronic expansion valve (EEV) installed upstream of the evaporator contributes to
performance enhancement through precise control using a stepper motor, enabling superheat

control, refrigerant flow rate adjustment, and energy efficiency improvement [7].

Refrigerant Circuit Coolant Circuit

| Expansion
PCW In ‘

ESC

PCW Out

Compressor||___ < > r‘ r

Compessor

Fig. 2. CHILLER circulator system

TRIZ-based Fundamental Problem Analysis

Function Analysis

TRIZ's Function Analysis is a systematic method for identifying the root cause of a problem and
suggesting improvement directions by analyzing interactions between system components in terms
of Useful Functions and Harmful Functions [2]. In this study, a function analysis was conducted on the

chiller system used in semiconductor ETCH processes.

The primary components analyzed include: coolant (FC3283), tank, vent port, pump, evaporator,

compressor, condenser, expansion valve, and refrigerant (R-404A).

To perform the analysis, a system configuration diagram was constructed to visually represent the

structural relationships among hardware, software, input/output elements, and external
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environments [Fig. 3]. This facilitated a clear understanding of the function flow and interaction

pathways among components.

The analysis revealed that external moisture enters the coolant via the vent port, and the moisture
travels to the evaporator, where it freezes under low-temperature conditions (—10 °C to —15 °C). This
results in a reduction of heat exchange area, and unvaporized refrigerant is drawn into the
compressor, causing liquid slugging. This chain of functional interactions was confirmed to be the

direct cause of system failure.

Such results have also been reported in previous domestic studies, which identified moisture ingress

through the vent port as a key cause of evaporator icing [8].
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Fig. 3. Function Diagram

Cause-effect chain analysis : CECA

To identify the root cause of evaporator icing in the chiller, a Cause—Effect Chain Analysis (CECA) was
conducted. CECA is a TRIZ-based diagnostic tool that systematically visualizes the chain of causes and
effects in complex problems to uncover the true cause of failure [9]. In the problem definition stage,
the concepts of Operating Time (OT) and Operation Zone (OZ) were applied. These tools help define
the temporal (when) and spatial (where) boundaries of the problem, enabling more intuitive and

effective solution derivation.

In this case, it was confirmed that when the coolant temperature is set to sub-zero (below —10 °C),

moisture in the coolant freezes inside the evaporator, forming ice layers that obstruct refrigerant flow
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and cause liquid slugging in the compressor. This phenomenon leads to the complete shutdown of the
chiller system. Conversely, if the coolant temperature is adjusted to above freezing, icing is prevented,
but the required cooling capacity is no longer sufficient, making precise ESC temperature control

impossible.

This dual-problem situation exemplifies a Technical Contradiction, as defined in TRIZ theory [9]: one
function (cooling) must be improved without simultaneously worsening another (ice formation).
Therefore, the optimal solution is to maintain the coolant temperature below freezing while
preventing ice formation within the evaporator. This target condition was established based on CECA

and forms a practical problem-solving approach grounded in root cause analysis [9].
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Fig. 4. CECA Analysis

Problem Definition

As the starting point of the TRIZ problem-solving process, the key conflicting element of the analyzed
problem was clearly defined, and the corresponding task was derived. In this case, the core conflict
lies in the fact that when the chiller system operates at sub-zero temperatures, icing occurs inside the
evaporator, making normal operation impossible. As a result, the required temperature supply to the
Electrostatic Chuck (ESC) is not achieved, leading to wafer quality degradation and equipment

downtime.
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Accordingly, the task was defined as follows:

To maintain the coolant at sub-zero temperatures while preventing icing within the evaporator,

thereby enabling stable temperature delivery to the ESC under low-temperature operation conditions.

V5 N

Lowering the coolant
temperature below freezing
causes ice formation inside

the evaporator, leading to
chiller shutdown and
operational loss.

. AN

Fig. 5. Task Definition

Stable heat exchange is
achievable by maintaining
the coolant temperature
below freezing while
preventing moisture from

freezing inside the
/

evaporator.

Solution

Ideal Final Result

The Ideal Final Result (IFR) refers to a solution that resolves the problem without introducing new
complexity or side effects, and without requiring structural changes or increased costs to the system.
In other words, the problem is solved by maximally utilizing the existing resources and functions of
the system, rather than relying on additional components or modifications, thereby achieving the

most simple and complete state possible.

The concept of IFR has been effectively applied in prior studies to address reliability issues in
semiconductor equipment. In particular, it has been stated that "the ideal final result is defined as a
state in which the advantages of the existing system are preserved while the disadvantages are

eliminated, and it can be established as a clear goal of problem-solving." [10]

Technical Contradiction and Inventive Principles

A technical contradiction refers to a situation in which improving a certain function simultaneously
causes the deterioration of another function. To resolve such contradictions, TRIZ suggests selecting
appropriate principles among the 40 Inventive Principles to derive creative and practical ideas. In this
case, the "function to be improved" was to lower the temperature of the coolant to enhance the

temperature control performance of the ESC and wafer, while the "function that worsens" was the
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side effect of moisture freezing as the coolant temperature decreases, which degrades heat exchange
performance and causes equipment shutdown. This represents a typical technical contradiction in
which cooling performance must be maintained while preventing freezing. Accordingly, the
contradiction matrix was used, with the improving function (vertical axis) set as “Temperature” and
the worsening function (horizontal axis) set as “Harmful Effects.” Based on this, among the derived
inventive principles, ‘Principle 28: Mechanics Substitution” and ‘Principle 35: Parameter Change’ were
applied to generate the idea of mixing ethylene glycol into the coolant, and ‘Principle 2: Taking Out’
and ‘Principle 10: Preliminary Action’ were applied to develop the solution of installing a filter in the

vent port itself, rather than in the coolant line, thereby fundamentally blocking moisture ingress.

Table 1. TRIZ Contradiction Matrix-Based Inventive Principles and Derived Ideas

Harmful Effects Idea
Mechanical Substitution / Mixing ethylene glycol to prevent local freezing
Temperature Parameter Change
Extraction / Preliminary Installing a filter on the vent port to block moisture ingress
Action

Principle of Separation for Physical Contradiction

A physical contradiction refers to a situation where a single element is required to simultaneously
possess two opposing properties. It represents a more refined approach to problem definition
compared to a technical contradiction. In this case, the coolant must have a sub-zero temperature to
control the wafer temperature, while at the same time, it must not be at a sub-zero temperature to
prevent freezing in the chiller’s evaporator—thus creating a physical contradiction. To resolve this
contradiction, the principles of separation (by time, space, condition, or whole/part) were applied to

derive feasible solution ideas.

Table 2. Derived Ideas Based on TRIZ Separation Principles
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Separation Principle

Idea

Temporal Separation

Set a drying operation time by running the chiller at ambient temperature

Conditional Separation

Install a moisture sensor to allow cooling only under specific conditions

Spatial Separation

Separate the tank and evaporator, and install a thermal jacket on the evaporator

Su-Field Analysis and Standard Solutions

Among the core tools of TRIZ, Substance-Field Analysis (Su-Field Analysis) and Standard Solutions
serve as systematic frameworks for structured problem solving. Su-Field Analysis models the
interactions within a system in terms of Substances (S) and Fields (F), and classifies these interactions
as Useful, Incomplete, or Harmful. Based on this classification, the method guides the direction for

improvement.

Standard Solutions are a compiled set of 80 inventive strategies applicable to different types of
problems identified through Su-Field Analysis. These strategies provide appropriate solution

directions based on the nature of the interaction diagnosed in the analysis.

Table 3. TRIZ-Based Su-Field Analysis and Derived Solutions for Moisture Control

Problem Analysis Result Applied Standard Solution Idea

Moisture freezes and

obstructs heat exchange

Harmful field

interaction (S1-F-S2)

1.1 Elimination of harmful Introduce a moisture

field removal filter

Need to block moisture

ingress in advance

Incomplete field

1.2 Improvement or addition Control freezing by using

of preliminary action compressed gas from

compressor

The issue was defined as a harmful function caused by the interaction of the coolant with moisture
through a thermal field (Field). To address this, the Su-Field Analysis method was applied. As a result
of the analysis, the Standard Solution Type 1.1 (Elimination of Harmful Field) was identified as

appropriate, leading to the concrete solution of “installing a moisture removal filter.”

In addition, other alternatives were considered, such as adding or modifying the field (Standard
Solution 1.2: Improvement or Pre-action of Field), including the use of compressor discharge gas to

control freezing.
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Derivation of the Final Solution

The result of problem analysis using TRIZ techniques revealed that the core issue in this study was
that moisture introduced into the coolant caused freezing in the evaporator, leading to equipment
failure and process interruption. This problem was defined as a complex structure that included both
a technical contradiction (the temperature must be low, but freezing must not occur) and a physical
contradiction (the coolant must have a sub-zero temperature, but at the same time, it must not have

a sub-zero temperature).

To solve this problem, a systematic analysis procedure such as function analysis, substance-field
analysis, application of contradiction matrix, and separation principles was performed, and based on
this, various ideas were derived. After conducting an evaluation of the functional validity and technical
feasibility of the derived ideas, a moisture filter for circulating coolant was selected as the final

solution that satisfies the following effects simultaneously.

| 40mic Filters STS Ring |

Fig. 6. Moisture Filter

Evaluation of the Solution

The direct-contact moisture filter system for coolant, proposed in this study, demonstrated a
significant improvement in addressing the recurring evaporator freezing issues observed in
semiconductor etching processes. By effectively blocking moisture ingress into the cooling line, the
system enabled stable equipment operation and contributed to enhanced process quality and

maintenance efficiency.
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As a result of implementation:

e Equipment failure incidents decreased by approximately 78%
e Maintenance cost savings reached approximately 300 million KRW per month

e Equipment uptime improved by more than 90 hours per month

These results provide empirical evidence that applying TRIZ-based problem-solving methodologies to
semiconductor manufacturing not only resolves technical contradictions but also yields substantial

economic benefits and operational stability.
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Fig. 7. Direct-contact moisture filter
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