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Article

DIKWP-TRIZ: A Revolution on Traditional TRIZ
towards Invention for Artificial Consciousness

Kunguang Wu and Yucong Duan *

School of Computer Science and Technology, Hainan University, Haikou 570228, China
* Correspondence: duanyucong@hotmail.com

Abstract: We propose the DIKWP-TRIZ framework, an innovative extension of the traditional Theory of Inventive 
Problem Solving (TRIZ) designed to address the complexities of cognitive processes and artificial consciousness. 
By integrating the elements of Data, Information, Knowledge, Wisdom, and Purpose (DIKWP) into the TRIZ 
methodology, the proposed framework emphasizes a value-oriented approach to innovation, enhancing the ability 
to tackle problems characterized by incompleteness, inconsistency, and imprecision. Through a systematic map-

ping of TRIZ principles to DIKWP transformations, we identify potential overlaps and redundancies, providing a 
refined set of guidelines that optimize the application of TRIZ principles in complex scenarios. The study further 
demonstrates the framework’s capacity to support advanced decision-making and cognitive processes, paving 
the way for the development of AI systems capable of sophisticated, human-like reasoning. Future research will 
focus on comparing the implementation paths of DIKWP-TRIZ and traditional TRIZ, analyzing the complexities 
inherent in DIKWP-TRIZ-based innovation, and exploring its potential in constructing artificial consciousness 
systems.
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1. Introduction

Since the twentieth century, Theory of Inventive Problem Solving (TRIZ) [1,2] has emerged as a
systematic methodology for innovation, gradually attracting widespread attention and being applied
across various invention and innovation scenarios. TRIZ has expanded into a comprehensive set
of methodologies [3–5] and practical experiences [6,7], and has also achieved good results in some
other fields such as education [8,9], finance [10,11], biomimetics [12,13], etc. However, due to the
diversity and complexity of its methodologies, individuals with a limited understanding of TRIZ
and cross-domain innovation often find it difficult to master, potentially overlooking certain details
and processes [14]. Moreover, the TRIZ method, in its pursuit of innovation, may sometimes neglect
the human Purpose and value orientation inherent in the innovation process [15]. To address these
issues, we have synthesized the core ideas and principles of the DIKWP theory [16] and proposed
the DIKWP-TRIZ method. This approach aims to transform the innovation methodology of TRIZ
into Data innovation, Information innovation, Knowledge innovation, Wisdom innovation, and
Purpose innovation within the DIKWP-TRIZ framework. By reducing the essence of invention and
innovation pathways to these five innovation directions, we place maximum emphasis on human
Purpose and value orientation in the innovation process. This strategy reduces the cognitive burden
on users of the TRIZ innovation method, allowing them to focus more on innovations in Data,
Information, Knowledge, Wisdom, and Purpose, as well as effectively handling problems characterized
by incompleteness, inconsistency, and imprecision (the 3-N problems).

The main contributions of this paper are as follows:

1. Integration of DIKWP Model with TRIZ Methodology for Artificial Consciousness Innovation:
This paper introduces the DIKWP-TRIZ framework, which integration provides a structured
approach for applying the TRIZ principle to cognitive processes, particularly to address the
incompleteness issues that exist in the concept to Cognitive Space, such as the incompleteness of
solutions caused by searching for solutions without understanding the optimization parameters.
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By bridging the gap between cognitive modeling and inventive problem-solving, this approach
offers a novel methodology that enhances innovation capabilities in complex, value-driven
contexts.

2. Comprehensive Mapping of TRIZ Principles to Cognitive Transformations in DIKWP: The
research systematically maps TRIZ principles to various cognitive transformations within the
DIKWP model, such as the transition from Data to Knowledge or from Wisdom to Purpose.
This mapping clarifies the applicability of each TRIZ principle in cognitive processes among
the principles. By proposing a refined set of principles and contextual guidelines, the paper
improves the precision and efficiency of TRIZ applications in complex cognitive scenarios, thereby
facilitating more effective problem-solving and innovation.

3. Development of a Methodological Framework for Reducing Redundancies and Enhancing
Consistency in TRIZ-DIKWP Applications: This study addressed potential inconsistencies
in the application of TRIZ principles within the DIKWP framework by extending the TRIZ
invention principle in Semantic Space and using Cognitive Space coverage integrity analysis. The
proposed methodological framework includes strategies for integrating overlapping principles
and offers decision-making tools to guide practitioners in selecting the most appropriate principles
for specific cognitive processes. This structured approach ensures a coherent and systematic
application of TRIZ principles, enhancing the overall robustness and effectiveness of the DIKWP-
TRIZ methodology.

This paper is organized as follows: Section 2 presents related work, introducing the current
applications and limitations of TRIZ and the DIKWP theory. Section 3 provides relevant definitions in
research mathods. Section 4 discusses the mapping relationship between DIKWP and TRIZ inventive
principles under the assumptions of Cognitive Space. In Section 5, we explored the overlapping TRIZ
inventive principles within the DIKWP ∗ DIKWP framework which represents 25 transformation
relationships between Data, Information, Knowledge, Wisdom, and Purpose, specifically focusing
on the integration of TRIZ into the DIKWP-TRIZ methodology. By differentiating between the over-
laps among TRIZ principles under various transformation contexts, we aim to minimize potential
inconsistencies and ensure a more cohesive application of the methodology. In Section 5, we compared
and explored the differences between the invention principles of DIKWP-TRIZ and TRIZ through the
application of a case study, and compared the two in the construction of future creative AI. Finally,
Section 6 concludes the paper.

2. Related Works

2.1. DIKWP Model

Unlike the traditional DIKW (Data-Information-Knowledge-Wisdom) model, prior research [16–
18] has introduced a series of definitions within the DIKWP framework, which incorporates "Purpose"
as an additional element in order to build a Purpose-driven model to analyze and handle problems.
This extended model maps the 3-N problems onto Cognitive Space, Semantic Space, and Conceptual
Space for detailed description and processing [19]. We can use the DIKWP model to describe 3-N
problems in three spaces [19], such as the imprecision of textual descriptions reflected in the conceptual
space, and the inconsistency of visual observations and perceptions of cognitive subjects reflected in
the cognitive space. By connecting and integrating these three spaces, we can use the DIKWP model to
analyze and model in scenarios involving the 3-N problem, thereby offering a more robust approach
to complex issues.

Artificial Consciousness (AC), often referred to as machine consciousness, aims to simulate or
replicate certain features and functions of human consciousness within artificial systems. While
human consciousness may be unique due to biological and sociocultural factors, researchers propose
that some aspects of consciousness could, in principle, be modeled in machines [20]. Significant
challenges in developing AC include philosophical questions, such as whether consciousness is

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 November 2024 doi:10.20944/preprints202410.0751.v2

https://doi.org/10.20944/preprints202410.0751.v2


3 of 38

inherently tied to biological life, and technical hurdles, such as replicating the neural and biochemical
mechanisms associated with conscious awareness [21]. Some studies suggest that the evolution of
artificial consciousness may require architectures involving complex feedback loops and self-regulation,
features found in biological systems [22]. We believe that creativity is one of the uniqueness of human
consciousness, and we hope to use the DIKWP model and DIKWP’s research in AC[23,24] to build
a creative Artificial Intelligence (AI) system to promote the development of artificial consciousness
and make it the foundation of creative ability in AC systems. The DIKWP model has been applied
in previous research to various fields, including AC[23], privacy protection [25] and doctor-patient
interactions [26], which research reflected the model’s versatility and effectiveness in handling complex
Information processing tasks across different domains. The DIKWP model’s ability to model and
analyze 3-N problems makes it a valuable tool for advancing knowledge representation and problem-
solving.

2.2. TRIZ Theory

Since its inception in the Soviet Union in the 1960s, TRIZ has evolved into a systematic methodol-
ogy for innovation. Its application begins with defining the problem and identifying contradictions,
which can be technical (conflicting parameters) or physical (opposing requirements). Using tools
like the contradiction matrix[27], TRIZ maps these contradictions to one or more of the 40 inventive
principles, which provide strategies for generating solutions. In the semiconductor industry, these
principles have been employed to enhance smart factories, addressing issues such as mechanical sys-
tem substitution and changes in physical and chemical properties [28]. In project management, TRIZ
principles have been applied to solve innovative challenges in management and business domains [29].
In the field of additive manufacturing, such as 3D printing, these principles support the creation of
new geometries and enhanced functionalities [30]. These solutions are then evaluated and refined to
ensure alignment with the desired objectives. By emphasizing ideality—maximizing functionality with
minimal resources—and leveraging patterns of system evolution, TRIZ offers a structured and efficient
approach to solving complex problems across engineering fields. Despite its widespread application
in innovative problem-solving across various industries, the TRIZ methodology has certain limitations.
Firstly, the 40 inventive principles and related tools of TRIZ were originally designed for engineering
and technical problems. When applied to other domains, such as software development and service
design, terminology mismatches may occur, necessitating reinterpretation or adaptation for effective
use [31]. Secondly, the use of TRIZ tools is complex and requires a high level of expertise, which can
make it challenging for beginners to use these tools effectively without appropriate training [32]. In the
service sector or non-technical fields, applying TRIZ also requires transforming its tools and principles
into new forms that are easy to understand and adapt, adding to its complexity [33]. Moreover, Liang
et al. [34] developed a computer-aided TRIZ patent classification method. While this approach im-
proves the efficiency of patent classification by integrating text mining with TRIZ, the complexity and
heterogeneity of patent literature may lead to issues in semantic understanding and Data annotation
consistency when processing multi-domain patent Data, potentially affecting its accuracy. Ilevbare
et al. [14] reviewed the challenges of TRIZ in practical applications, highlighting that its complexity
and the requirement for extensive Knowledge backgrounds are key factors hindering its effectiveness.
They suggested the need to develop tools that are easier to understand and apply. Similarly, dealing
with incomplete, inconsistent, or imprecise content poses a challenge to the TRIZ methodology. Yan et
al. [35] proposed an ontology-based inventive problem-solving method that links different Knowledge
sources through semantic similarity to resolve Information inconsistencies. Although this method
theoretically offers a promising solution, its implementation relies on precise semantic computations
and complex Knowledge base management, which may present challenges in large-scale and dynamic
real-world applications. Furthermore, They also developed an automated ontology system named
IngeniousTRIZ to facilitate the solution of inventive problems [36]. Although this system can automat-
ically populate and manage Knowledge sources within the TRIZ model, enhancing users’ ability to
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tackle complex problems, its limitation lies in the fact that for engineering problems across different
fields, such automated processing may not cover all possible scenarios, requiring additional manual
intervention to ensure the applicability of solutions.

3. Research Methodology

DIKWP-TRIZ approaches and solves problems from a more fundamental perspective than TRIZ.
Figure 1 illustrates the problem-solving process using the TRIZ theory. The blue arrows represent
cognitive processing, and the adjacent labels denote the methodologies or approaches involved in this
cognitive process. It is evident that the traditional TRIZ methodology relies heavily on conceptual or
hierarchical abstraction to frame the problem and find a solution. The cognitive process then occurs
within the Cognitive Space, transforming a general solution into a specific one, often through trial and
error, until the problem is resolved.

In contrast, Figure 2 presents the problem-solving process under the DIKWP-TRIZ methodology.
Using the DIKWP theory, cognitive agents construct a DIKWP processing model for the 3-N problem.
We have developed 25 transformation methods to handle 3-N problems by facilitating the conversion
between DIKWP contents (as shown in the bottom left of Figure 2). This construction and mapping
process is then translated into corresponding TRIZ invention principles. This approach enhances
the applicability of TRIZ by mapping the essential problem-solving semantics to concepts, thereby
extending the scope of TRIZ invention principles. Additionally, the generated general solutions
incorporate DIKWP conceptual content, ensuring that the solutions are both credible and controllable.

Figure 1. TRIZ’s problem-solving process.

Figure 2. TRIZ’s problem-solving process.

3.1. DIKWP Conceptualization

3.1.1. Data Conceptualization

In the DIKWP model, Data semantics (DIKWP-Data) represent specific manifestations of shared
semantics in cognition. Within the Conceptual Space, Data concepts embody specific facts or ob-
servations recognized by cognitive entities, confirmed through their alignment with the conscious
(non-subconscious) space of these entities and their correspondence with the shared semantics of exist-
ing cognitive concepts. When processing Data concepts, cognitive systems identify and extract shared
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semantic elements, which serve as labels for these concepts, unifying them based on corresponding
shared attributes. For example, when observing a group of sheep, despite variations in size, color, or
gender, cognitive processing categorizes them under the concept of "sheep" by identifying shared or
probabilistically related semantics. Similarly, in distinguishing between a silicone arm and a human
arm, the cognitive process may rely on features like shape or color; however, a lack of functionality,
such as rotation, would exclude the silicone arm from the concept of "arm" based on the semantic
criterion of rotatability.

The distinction between conceptual and Semantic Spaces reflects different philosophical perspec-
tives on technology. Conceptual Space processing corresponds to natural language communication,
but the core function of communication lies in conveying semantics. In the Cognitive Space, effective
comprehension of transmitted concepts hinges on semantic correspondence within the Semantic Space
of the cognitive entity. However, since the Semantic Space is often subjective and cannot be fully
shared through conceptual forms, it is referred to as subjective.

In the Semantic Space, the semantics of Data concepts are manifestations of a shared set of
cognitive semantics. There is a shared or approximate semantic attribute set S, defined by a collection
of feature semantics:

S = { f1, f2, . . . , fn} (1)

where fi represents an individual feature semantic of the Data. The set D is defined as follows:

D = {d|d shares S} (2)

where each element d ∈ D and D represents the set of specific Data semantics.
In the DIKWP model, the distinction between Data concepts and Data semantics is crucial for

transitioning between the Cognitive Space and the processing of conceptual and Semantic Spaces.
Data concepts and Data semantics represent specific cognitive objects that directly embody observed
facts and Knowledge. The key to this transformation lies in the shared semantics underlying the
cognition and conceptualization of these Data concepts. In Cognitive Space, Data objects are the
foundation of cognitive processes, moving beyond mere observations or measurements of the world
and undergoing explicit conceptual and semantic confirmation. This process also distinguishes
between subjective and objective content categories, refining the traditional DIKW model’s approach
to Data by emphasizing the close association between Data and specific semantic attributes. Cognitive
recognition of Data actively seeks semantic features that match known cognitive objects, thereby
highlighting the subjectivity and context-dependence of Data, as well as its value in associating with
existing Conceptual Spaces of cognitive entities.

Within the DIKWP model, the semantics of cognitive Data objects from the Cognitive Space
are viewed as specific manifestations of shared semantics in the cognitive process. This perspective
emphasizes that Data are not merely records of observations or facts, but the results of semantic
matching and conceptual confirmation by cognitive entities (humans or AI systems) in both conceptual
and Semantic Spaces. The key to confirming Data concepts lies in the shared semantics between the
cognitive and Semantic Spaces, allowing for the classification of specific objects under the same Data
concept despite external differences.

Data concepts are foundational conceptual units in the DIKWP cognitive process, while Data
semantics serve as foundational semantic units. Together, they play a central role in directly observing
and recording the real world, from cognitive recognition to the confirmation of Data concepts in
generating and applying concept-based natural language representations. Cognitive entities, through
both conscious and subconscious processes, recognize and classify Data concepts by identifying shared
semantic attributes. Cognitive science emphasizes how cognitive systems (including neural processes
and pattern recognition mechanisms) process and recognize Information, with subconscious pattern
recognition and conscious analysis combined to explain recognition based on shared semantic features.
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For instance, despite differences in color or size, humans recognize apples through subconscious
pattern recognition and can explain this recognition by referring to key semantic features such as shape
or texture. This illustrates how the cognitive system uses shared Data semantics in the Semantic Space
to construct conceptual representations in natural language.

In the DIKWP framework, Data concepts are specific mappings of shared semantics in the
cognitive process, resolving the traditional confusion between semantics and concepts. Data concepts
are closely linked to the semantic processing of cognitive entities, emphasizing that their value lies
not in their physical attributes but in how they bridge the conceptual and Semantic Spaces within
the cognitive system. Interaction between individual and collective consciousness is fundamentally
an interaction between semantic and Conceptual Spaces, either consciously or subconsciously. Data
concepts, as symbolic expressions of shared or probabilistically similar semantic sets, enhance the
efficiency of cognitive-communication, particularly in engineering contexts where specific semantic
sets are represented as symbols.

3.1.2. Information Conceptualization

In the DIKWP model, the concept of Information (DIKWP-Information) corresponds to one or
more "distinct" semantics in cognition. The Information semantics of an Information concept refer to
the association of semantics within the Semantic Space of a cognitive entity Cognitive Space, linked
with recognized DIKWP cognitive objects. This process occurs through the entity’s cognitive purposes,
either establishing identical cognition (corresponding to Data semantics) or distinct cognition, con-
firmed probabilistically or through logical judgment. This distinction forms new semantic associations,
as "new" is considered a form of "different" semantics.

When processing the concept or semantics of Information, cognitive entities identify differences
between input contents (such as Data, Information, Knowledge, Wisdom, or Purpose) and recognize
DIKWP cognitive objects, classifying Information according to these various "distinct" semantics.
For example, in a parking lot, although all vehicles can be grouped under the concept of "car",
each vehicle’s position, usage, owner, condition, payment history, and experiences represent distinct
cognitive differences corresponding to unique Information semantics, driven by different cognitive
purposes within the Semantic Space. These variations in semantics often exist within the cognitive
entity’s perception but may not always be explicitly articulated. For instance, a patient with depression
may describe feeling "low spirits" to reflect a subjective increase in the intensity of negative emotions
compared to past experiences. However, this concept of "low spirits" may not convey the same
Information semantics to another cognitive entity, resulting in a subjective interpretation that may
differ from the target’s understanding.

Mathematically, the processing of Information semantics within the DIKWP model follows a
Purpose-driven transformation. In the Semantic Space, the processing of Purpose-Driven Information
semantics (Fi) for DIKWP content involves mapping inputs X to outputs Y:

Fi : X → Y (3)

where X represents the set or combination of Data, Information, Knowledge, Wisdom, and
Purpose semantics (DIKWP content), and Y represents newly generated DIKWP semantics. This
mapping highlights the dynamic and constructive nature of Information semantics generation.

In the DIKWP model, Information semantics reflect the expression of distinct semantics within
cognition. Through the cognitive Purpose of the entity, Information semantics connect the existing
semantics of Data, Information, Knowledge, Wisdom, or Purpose to recognized cognitive objects,
generating new semantic sets or combinations. This process not only involves recombination and
semantic transformation (including forming cognitive understanding through semantic connectivity)
but also dynamically creates new DIKWP cognitive semantics, contributing to continuous cognitive
understanding.
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The generation of Information semantics focuses on linking sets or combinations of different Data,
Information, Knowledge, Wisdom, or Purpose semantics through specific cognitive purposes. This
process confirms cognitive understanding within the Cognitive Space, involving associations, compar-
isons, and conceptual correspondence between observed phenomena and existing DIKWP content.
In AI systems, this corresponds to forming cognitive understanding by analyzing the relationships
between DIKWP content through algorithms, extracting valuable Information semantics.

Information semantics processing is a dynamic cognitive process that links DIKWP content
semantics to existing cognitive objects through the cognitive entity’s subjective purposes, generating
valuable semantic associations. The true value of Information lies in its function as a bridge between
Data, Information, Knowledge, Wisdom, and Purpose, revealing how cognitive entities establish
semantic connections with DIKWP content.

In cognitive science, various theories explain Information semantics processing. For example,
Conceptual Integration Theory explores how new meanings and understandings emerge by integrating
Information from different sources. Similarly, by combining an individual’s behavior (DIKWP content
semantics) with contextual Information, cognitive entities gain clearer insights into their purposes.
Cognitive linguistics, through theories such as Metaphor Theory and Blending Theory, studies how
new meanings are created through metaphorical and conceptual integration in language. In AI,
algorithms are designed to simulate how humans construct new cognitive models through DIKWP
content semantics.

The generation of Information semantics involves interactions between DIKWP content semantics
and DIKWP-to-DIKWP semantic interactions. This process encompasses not only the reorganization
and reinterpretation of DIKWP content but also a dynamic, Purpose-driven cognitive activity. Through
this, cognitive entities can identify new patterns and associations, expanding their cognitive under-
standing. The constructive and dynamic nature of Information semantics generation reflects the active
interpretation or semantic connection of DIKWP content.

3.1.3. Knowledge Conceptualization

In the DIKWP model, the semantics of Knowledge (DIKWP-Knowledge) correspond to one
or more "complete" semantics within the Cognitive Space. These Knowledge semantics represent
the cognitive entity’s understanding and interpretation of relationships between cognitive objects of
DIKWP content, achieved through semantic abstraction and integrity processes. This involves making
certain assumptions that lead to the formation of cognitive inputs, which arise from interactions
with existing DIKWP content semantics and correspond to "complete" semantics that reflect cognitive
integrity in higher-order Cognitive Spaces.

When processing Knowledge concepts, cognitive entities abstract at least one concept or pattern
corresponding to complete semantics through observation and learning. For example, while it may be
impossible to observe every swan to confirm they are all white, in the Cognitive Space, the cognitive
entity can make assumptions (higher-order cognitive activities) based on observed instances, assigning
"complete" semantics to these observations. This leads to the formation of Knowledge semantics,
such as the rule "all swans are white", even without exhaustive observational Data. Knowledge thus
acts as a bridge, transforming a state of non-understanding into one of understanding, grounded in
comprehensive semantics, and strengthened through validation.

The construction of Knowledge relies not only on the accumulation of Data and Information but,
more importantly, on abstraction and generalization processes within cognition, allowing the cognitive
subject to uncover the essence and intrinsic connections of things. Knowledge exists at both individual
and collective levels, shared and transmitted through culture, education, and societal interaction.
Knowledge semantics refers to the structured understanding formed through deep processing and
internalization of DIKWP content, corresponding to "complete" semantics in the Semantic Space.

Within the DIKWP framework, Knowledge is defined as a deep understanding of the world and
a mastery of complete semantics, aligning with Aristotle’s notion of formal cause. This philosophical
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perspective suggests that the essence and Purpose of things can be comprehended through reason and
experience, reflecting a profound grasp of the world’s underlying principles.

The formation of Knowledge rules in the DIKWP model represents the cognitive subject’s under-
standing of the intrinsic laws and essence of reality. Philosophically, Knowledge is both a product and
a driving force of cognitive processes, guiding the cognitive entity in navigating the complexities of
the real world. The development and application of Knowledge reveal how cognitive subjects adapt to
and engage with the deeper regularities of reality through semantic understanding.

3.1.4. Wisdom Conceptualization

In the DIKWP model, Wisdom (DIKWP-Wisdom) is defined as Information pertaining to ethics,
social morality, human nature, and related aspects. It embodies a form of Information derived from
cultural norms and societal values, contrasting with the relatively fixed extreme values of the present
time or individual cognitive values. In the Cognitive Space, Wisdom semantics are determined by
integrating Data, Information, Knowledge, Wisdom, and Purpose. The core of Wisdom in both
human and AI systems lies in constructing a human-centered value system, aimed at fostering a
community with a shared future for humanity. This value system forms the foundation for constructing,
differentiating, validating, refining, and developing individual and collective cognitive, semantic, and
Conceptual Spaces of DIKWP content semantics, guiding the decision-making process.

For instance, when making decisions based on specific DIKWP content, cognitive subjects must
consider a broad range of factors—such as ethics, morality, and feasibility—rather than focusing solely
on the technical or efficiency-based aspects of the DIK elements. Wisdom, denoted as W in the decision
function, correlates Data, Information, Knowledge, Wisdom, and Purpose, producing an optimal
decision D∗:

W : {D, I, K, W, P} → D∗ (4)

where W represents a decision function that generates the optimal decision D∗ and D, I, K,
W, P represent Data, Information, Knowledge, Wisdom, and Purpose, respectively, reflecting the
comprehensiveness and goal-oriented nature of value-driven decision-making. This aligns with
cognitive linguistics research on how morals and values are communicated and interpreted through
language.

In the DIKWP model, Wisdom is regarded as a holistic construct grounded in core human values,
integrating ethical, moral, and individual considerations. It encompasses not only the application of
Data, Information, and Knowledge but also the balance of diverse factors, including ethical and moral
dimensions, within the decision-making process. Wisdom semantics processing involves making
judgments and decisions by synthesizing Data, Information, and Knowledge with individual or
collective values and ethical principles.

In the field of AI, Wisdom semantics processing is crucial to the development of advanced
decision-making artificial consciousness systems or ethical AI. These systems incorporate multiple
factors based on human-centered principles to offer solutions that are intelligent and aligned with
ethical standards.

In cognitive science, the processing of Wisdom semantics corresponds to managing DIKWP
content semantics through the lens of human development, value systems, moral judgments, and
social contexts. Wisdom content is more than a mere accumulation of DIKWP elements; it addresses
how to process DIKWP semantic content in the Semantic Space, guided by a vision of building a
human community, beginning from the Cognitive Space. For example, in addressing climate change,
the application of Wisdom entails using the cognitive subject’s understanding of environmental science
(Knowledge), assessing both long-term and short-term consequences (Information), and making
decisions (Information) based on ethical and social responsibility (Wisdom).

The formation of Wisdom in both cognitive subjects and social groups relies not only on the
cognitive capabilities of individuals and collectives in understanding DIKWP content semantics but
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also on their ability to interact with, deeply understand, and reflect on their environment, cultural
background, and social relationships as they relate to DIKWP content.

In the DIKWP model, Wisdom plays a pivotal role in decision-making, integrating considerations
of ethics, morality, and values. It underscores the inextricable link between Data, Knowledge, and In-
formation with value orientations in practical applications, reminding cognitive subjects that cognition
is not solely about the pursuit of truth, but also about exploring the ideal way of human life. This
notion resonates with Aristotle’s concept of "phronesis" or practical Wisdom, which emphasizes the
capacity to make the best ethical judgments and decisions in specific contexts.

3.1.5. Purpose Conceptualization

In the DIKWP model, the semantics of Purpose (DIKWP-Purpose) are represented as a tuple
(Input, Output), where both the Input and Output consist of semantic elements related to Data,
Information, Knowledge, Wisdom, or Purpose. The semantics of Purpose encapsulate stakeholders’
understanding of DIKWP content in relation to a phenomenon or problem (Input) and the objectives
they aim to achieve through processing and resolving that issue (Output). When cognitive agents
engage with Purpose semantics, they interpret the Input DIKWP content in a Semantic Space according
to predefined goal (Output) semantics. Through learning and adaptation in processing DIKWP content,
the output semantics progressively align with the specified goal semantics.

Purpose can be mathematically modeled as P = (Input, Output), with Input and Output repre-
senting the semantic contents of Data, Information, Knowledge, Wisdom, or Purpose. A transformation
function T facilitates the transition from Input to Output, based on the input content and predefined
objectives:

T : Input → Output (5)

This formulation emphasizes the dynamism and goal-oriented nature of cognitive processes,
providing a mathematical framework for understanding and designing cognitive systems with specific
objectives.

Purpose represents the intentionality and directionality of cognitive activities, serving as the
driving force behind individual and systemic actions. It not only defines the trajectory from the current
state to a desired state but also reveals the underlying motivations and direction of cognitive processes.
This goal-driven approach highlights the proactive and creative nature of cognitive agents as they
process DIKWP semantic content. Rather than passively receiving Information, cognitive agents
actively pursue specific objectives, shaping how they interpret and manipulate Data, Information,
Knowledge, Wisdom, and Purpose itself. Purpose thus guides not only the collection and processing
of Data and Information but also the development of Knowledge and the application of Wisdom.

The concept of Purpose introduces a teleological perspective, suggesting that cognitive activities
are not arbitrary Data-processing events but are directed toward achieving specific goals or fulfilling
needs. In the DIKWP framework, the inclusion of Purpose enriches the model’s dynamism, highlight-
ing the subjectivity and intentionality of cognitive activities. It implies that cognitive agents actively
seek, select, and interpret DIKWP content based on clearly defined goals and purposes within the
Semantic Space.

Purpose-driven processing offers a structured framework for understanding cognitive activities
from a dynamic, goal-oriented perspective. It aligns with theories such as Action Theory in Cognitive
Linguistics, enabling the DIKWP model to not only explain existing cognitive phenomena but also
guide future cognitive actions, optimizing strategies and behaviors to achieve specific objectives. In AI
systems, identifying Purpose and designing goal-oriented behaviors are essential for implementing
intelligent functions, such as understanding user queries in natural language processing (NLP) or
optimizing pathways to achieve goals in planning algorithms. In the study of artificial consciousness,
recognizing and simulating human Purpose-driven behavior is critical for developing advanced
cognitive capabilities.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 November 2024 doi:10.20944/preprints202410.0751.v2

https://doi.org/10.20944/preprints202410.0751.v2


10 of 38

From a philosophical standpoint, Purpose is not merely a predefined goal of action but reflects
the fundamental driving force behind individual existence and behavior. It embodies free will and
aspirations for the future, acting as the intrinsic motivator in the interaction between individuals
and the world. The existence of Purpose underscores the subjectivity and creativity of cognitive
processes, revealing the deeper meanings behind human actions. This notion aligns with Aristotle’s
concept of final causes, which posits that everything has a Purpose or ultimate reason for existence.
It also resonates with Hegel’s teleological view, where reality is driven by the unity of opposites,
achieved through self-realization and self-negation in purposive action. Additionally, it corresponds
with existentialist philosophy, which emphasizes individual choice and Purpose as defining aspects of
existence.

In the DIKWP model, Purpose reflects that cognitive activities are not merely responses to external
stimuli but are actively constructed based on individual goals, values, and purposes. This dimension of
the model captures the complexity and intentionality of human cognition and behavior, emphasizing
that the pursuit of Purpose is a key driver in both human and artificial cognitive processes.

3.2. Mapping TRIZ Principles to DIKWP Transformations

We will aim to systematically identify the correspondence between specific TRIZ principles and
distinct DIKWP transformations. The objective is to elucidate how each principle can be effectively
applied to cognitive processes associated with the five key elements of the DIKWP model: Data,
Information, Knowledge, Wisdom, and Purpose. By aligning each DIKWP transformation with one
or more TRIZ principles, a structured framework that leverages the strengths of both models can be
constructed, thereby optimizing cognitive processing and fostering innovative activities.

The anticipated mapping process is expected to reveal the frequent recurrence of certain TRIZ
principles across various DIKWP transformations. Such recurrence may indicate potential overlaps or
redundancies among principles, which could undermine the effectiveness of individual principles or
lead to confusion in practical applications. To address this issue, the study will explore strategies for
integrating overlapping principles. This may involve consolidating similar principles into a unified
concept or subdividing them into more granular sub-principles. These improvements are intended
to enhance the clarity and precision of the TRIZ-DIKWP mapping, ensuring that each principle is
distinctly defined and its application within the DIKWP context is both unambiguous and efficient.

Furthermore, the research will include detailed case analyses to demonstrate the practical applica-
tion of the mapped principles across different cognitive scenarios. These case studies will not only
validate the effectiveness of the theoretical mappings but also illustrate how the combination of TRIZ
principles and DIKWP transformations can generate innovative solutions in complex cognitive pro-
cesses. The ultimate goal is to establish a robust methodological framework that enables practitioners
to systematically apply TRIZ principles within the DIKWP model, thereby facilitating more effective
problem-solving and decision-making processes.

3.3. Cognitive Space Coverage Integrity Analysis

The method will employ a comprehensive evaluation method using a DIKWP ∗ DIKWP matrix to
assess the integrity of Cognitive Space coverage. The 5 ∗ 5 matrix represents the potential interactions
between the elements of the DIKWP model, enabling a systematic examination of the extent to which
the TRIZ principles cover various cognitive transformations across the entire Cognitive Space. The
primary objective of this analysis is to ensure that the TRIZ principles provide thorough coverage of
all possible cognitive transformations, thereby preventing any gaps or blind spots that could impede
the innovation process.

The theoretical foundation of this analysis is rooted in the concept of Cognitive Space coverage
integrity, which posits that for an innovation methodology to be effective, it must encompass all
relevant types of cognitive transformations. This includes transformations ranging from basic Data
processing to more complex, Wisdom- and Purpose-driven cognitive activities. By systematically
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evaluating the presence or absence of TRIZ principles in each cell of the DIKWP matrix, the study
will identify areas where certain types of cognitive transformations are inadequately addressed. This
assessment will offer valuable insights into the completeness and effectiveness of the TRIZ principles
when applied within the DIKWP framework.

Based on these findings, the study will propose enhancements or modifications to the existing
TRIZ principles to ensure comprehensive Cognitive Space coverage. This may involve the introduction
of new principles tailored to address specific gaps, or the refinement of existing principles to better
align with the nuanced requirements of DIKWP transformations. The ultimate aim is to develop
an optimized set of TRIZ principles that can comprehensively and effectively support all cognitive
processes defined within the DIKWP model.

3.4. Application of DIKWP-TRIZ

We demonstrate the application of the DIKWP-TRIZ framework through a case study and compare
its methods with traditional TRIZ methods. By utilizing the DIKWP model, the problem is analyzed
in terms of its objectives, ensuring a comprehensive exploration of potential solutions through the
systematic organization of congruent and divergent semantic elements. These insights are then mapped
to the inventive principles of TRIZ to establish a connection between DIKWP transformations and
TRIZ problem-solving strategies. The application is illustrated through a case study, where shared
semantic elements are analyzed and transformed into a clear, Purpose-driven framework. Unlike
the conventional TRIZ method, which heavily depends on user cognition and the completeness of
parameter definition, DIKWP-TRIZ systematically transforms problem data into knowledge-driven
solutions that emphasize Purpose and integrity. It showcases the enhanced capability of DIKWP-TRIZ
to systematically generate innovative solutions while reducing the cognitive burden on users, making
it a more versatile and comprehensive framework for problem-solving.

4. Mapping and Coverage Analysis of TRIZ Rules in DIKWP

4.1. Mapping the 40 TRIZ Principles to the DIKWP Model

The research methodology will involve identifying which TRIZ principles are applicable to specific
DIKWP transformations. In the Table A1 in the appendix, we provide a comparison of TRIZ invention
principles. Each DIKWP transformation can be guided by one or more TRIZ principles to optimize the
cognitive process. To address this, we will explore possible solutions such as merging overlapping
principles or creating sub-principles to improve clarity and distinction.

4.1.1. Data (D) → Data (D)

The transformative process explores the conversion of Data, as a set under the same semantics,
into various interpretations within a cognitive subject, as well as how existing Knowledge guides the
collection and interpretation of these Data. This bidirectional transformation process emphasizes the
dynamic interaction among Data and aims to establish a continuous cognitive improvement cycle.
The following are several TRIZ principles related to this transformation process, along with their
application examples:

• Principle 1: Segmentation

This principle involves dividing large datasets into smaller, more manageable segments to
facilitate detailed analysis and obtain targeted insights. This strategy helps optimize resource
utilization and enhances the efficiency of the analytical process [37].

• Principle 2: Extraction

Extracting necessary subsets or key Data elements from large datasets to focus attention on core
Information, avoiding distractions caused by irrelevant Data [38,39]. This method significantly
improves both the speed and effectiveness of Data processing.
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• Principle 5: Merging

Integrating datasets from different sources to create a more complete and robust dataset. This
not only enhances the overall accuracy of the Data but also increases its utility, providing a solid
foundation for decision-making [40].

• Principle 10: Preliminary Actions

Preprocessing the Data, such as cleansing, standardization, or structural adjustment, prior to
formal analysis to ensure the smoothness and effectiveness of subsequent Data operations. This
step is essential in Data analysis, as it directly impacts the quality of the final results. For
instance, in Data mining, preprocessing steps like Data cleaning, normalization, and integration
are essential for reducing noise and inconsistencies, which are common in large datasets. Proper
preprocessing improves the performance of Data analysis and mining algorithms, leading to
more robust findings. Additionally, preprocessing also includes standardization, which ensures
that all Data points are on the same scale, enhancing the accuracy of analytical models and
decision-making processes [41].

• Principle 12: Equipotentiality

We have extended the semantic content of this principle here, which is to reduce excessive content
flow, complexity, and inconsistency through certain optimization strategies, such as layering or
preset boundaries, in order to improve the coordination of the entire system. For example, in
software development in Domain Driven Design [42] mode, all sub-business domain models
with the same level are divided into the same equipotential surface. In addition, a unified domain
modeling language can be established to ensure that domain experts and developers have the
same understanding of the same term.

• Principle 18: Mechanical vibration

We have expanded the semantic content of this principle by adding a specific mechanism to
randomize or denoise the data content, ensuring that the entire system operates at its optimal state.
For example, in the protection algorithm for Differential Privacy[43], researchers use Differential
Privacy technology to protect individual data without significantly affecting the statistical results
and try to avoid individual data leakage as much as possible[44].

• Principle 26: Copying The main principle is to use a simple, inexpensive, and easy to manufacture
replica instead of an expensive or complex original. This principle is reflected in the concept of
metaverse [45], which models display targets through computer graphics technology to form
data-driven content, allowing users to achieve immersive experiences through virtual reality or
augmented reality related technologies.

• Principle 30: Flexible Shells and Thin Films We have expanded the semantics of this principle
by isolating and processing specific data content from other data content under certain conditions,
in order to prevent the environment in which specific content is located from directly accessing
that content. For example, in encryption application scenarios, the application of Homomorphic
Encryption [46] technology is extremely important, as it can be used and searched without
affecting its confidentiality.

4.1.2. Data (D) → Information (I)

The transformation of Data into Information involves the cognitive subject distinguishing Data
under different semantic contexts to obtain the corresponding Information semantics. This process
requires not only technical support but also a deep understanding of the Knowledge embedded
within the Data. Below are several TRIZ principles and their specific applications related to this
transformation process:

• Principle 3: Local Quality

Focus on analyzing specific Data subsets to generate detailed Information. This approach can
reveal insights that might be overlooked from a global perspective, providing in-depth under-
standing at a local level. For example, in large-scale market research Data, examining the behavior
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patterns of a particular consumer group can uncover unique preferences and needs, thereby
informing product customization. For example, a study on large-scale software engineering Data
demonstrated the benefits of splitting Data into smaller, more homogeneous subsets, resulting in
improved model performance and more accurate predictions [47].

• Principle 5: Merging

Integrate Data points from various sources to form a coherent and valuable Information system,
facilitating a comprehensive understanding of the subject matter. For instance, combining user
behavior Data, geographical Information, and social media feedback can help companies build a
more comprehensive user profile, thereby enhancing the effectiveness of marketing strategies [48].

• Principle 7: Nested Doll

Cognitive subjects are able to nest multiple data fields together, progressively forming contrasting
content and constructing different semantic expressions. For example, a company’s sales report
can reflect the content that users want to understand and compare at once through multiple layers
of nesting.

• Principle 9: Preliminary Anti-Action

The principle of preliminary anti-action in TRIZ, which involves preprocessing steps like filtering
out noise or irrelevant Data, is crucial to enhancing the clarity and quality of Information. For
instance, techniques such as noise reduction in various applications, like hyperspectral imaging,
improve the analysis of key signals by eliminating non-white noise prior to formal analysis [49].
Additionally, noise filtering algorithms can significantly improve Data quality, especially in
scenarios involving imbalanced Data or chaotic signals, thereby enhancing the subsequent Data
analysis [50]. These preprocessing steps are essential for ensuring the authenticity and reliability
of Information, reducing potential biases during analysis, and improving the overall quality of
results [51].

• Principle 17: Another Dimension

By utilizing multidimensional representations of data, such as visualization tools or multi-
layer models, content with the same semantics can be presented and differentiated through
another dimension, revealing deeper insights and providing rich and detailed understanding.
For example, using 3D charts to display trend changes in time series data, or using heat maps to
illustrate the strength of correlations between variables, can help analysts more intuitively grasp
data characteristics [52].

• Principle 28: Mechanics Substitution

Automate Data processing tasks using algorithms and tools to efficiently transform large amounts
of Data into meaningful Information. With the advancement of machine learning and AI tech-
nologies, such automated methods have become an indispensable part of modern Data analysis,
significantly enhancing the speed and accuracy of Information extraction [53].

• Principle 35: Parameter Changes

By altering the measurement standards, formats, or parameters of Data, new Information seman-
tics can be revealed. In financial market analysis, applying different smoothing parameters to
historical trading Data can distinguish between short-term and long-term market fluctuations.
For example, using moving averages with different periods (such as 5-day and 200-day moving
averages) can identify short-term market volatility and long-term trends, thereby providing a
basis for investment decisions [54].

4.1.3. Data (D) → Knowledge (K)

The cognitive subject systematically analyzes Data semantics by identifying their similarities and
differences, thereby organizing them into structured Knowledge and forming a logically coherent
Knowledge system. Through this process, the cognitive subject not only categorizes and integrates dis-
parate Data points but also establishes a comprehensive and interconnected framework of Knowledge.
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This structured organization facilitates a deeper understanding of the relationships and underlying
patterns within the Data, ultimately contributing to the development of a cohesive and consistent
Knowledge system that can support complex decision-making and reasoning processes. The follow-
ing are several TRIZ principles related to this transformation process, along with their application
examples:

• Principle 6: Universality

Extract general principles or models from specific Data points and extend localized insights
to broader contexts. For example, in collaborative environments such as cross-functional soft-
ware development teams, applying universal principles from one industry can enhance team
Knowledge sharing and efficiency across different sectors [55].

• Principle 24: Intermediary

Utilize intermediate models, such as simulations or analytical frameworks, as bridges between
raw Data and refined Knowledge to facilitate the understanding and interpretation of complex
datasets. For example, In financial risk management, intermediary models like stochastic differ-
ential equations are used to model economic scenarios and bridge the gap between complex raw
Data and actionable insights [56].

4.1.4. Data (D) → Wisdom (W)

The cognitive subject integrates ethical and value judgments to generate goal-aligned, wise deci-
sions through the semantic analysis of Data. This process requires not only a profound understanding
of the Data itself but also the integration of experience and intuition to achieve a comprehensive
cognition that transcends specific contexts. The following are several TRIZ principles closely related to
this transformation process, along with their specific applications:

• Principle 40: Composite Materials

We extend the semantics of materials to transform them into Data, while composites are expanded
into multiple channels or methods serving as Data sources. Correspondingly, in Information
technology, this process involves integrating various Data sources and analytical models to
generate comprehensive, high-quality decisions guided by Wisdom. This approach is exemplified
in applications such as financial risk management [57] and the formulation of optimized traffic
management strategies [58], where diverse Data inputs and sophisticated analysis converge to
produce holistic, informed decisions.

4.1.5. Data (D) → Purpose (P)

The cognitive subject or process identifies and analyzes common semantics among Data to
clarify objectives and purposes, thereby guiding the formulation of future strategies. This ensures
that the output of goal-setting remains consistent within the scope of the identified semantics. By
maintaining alignment with the semantic framework, the cognitive subject can develop coherent and
Purpose-driven strategies that are well-grounded in the underlying Data patterns, thus enhancing the
effectiveness and precision of decision-making processes.

• Principle 4: Asymmetry

We can prioritize subsequent objectives based on the relevance of Data collection and analysis
activities to the intended Purpose, ensuring that resources are concentrated in high-impact areas.
This approach allows for a strategic allocation of efforts, maximizing the effectiveness of decision-
making and optimizing outcomes by focusing on areas that most significantly contribute to
achieving the desired goals [59].

• Principle 11: In-advance cushioning

Stakeholders utilize historical traffic and log Data from the same period in previous years to
proactively prepare Data systems and infrastructure, supporting anticipated goal-driven demands
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and enhancing flexibility and readiness. For instance, in e-commerce platforms, to accommodate
the surge in traffic during upcoming shopping seasons, stakeholders may upgrade server capacity
and optimize database architecture in advance. These proactive measures ensure that the system
can handle high concurrent access loads, thereby maintaining performance and reliability under
increased demand [60,61].

• Principle 15: Dynamism

Maintain a flexible Data strategy that can evolve with changing purposes or goals, ensuring its
ongoing relevance and effectiveness. For example, in a rapidly changing market environment,
regularly evaluating and adjusting Data analysis models to reflect the latest market demands
and trends enables the organization to base its decisions on the most up-to-date Information. For
instance, the concept of asymmetric resource allocation is also applicable in situations involving
emergency medical services. During mass casualty incidents, allocating resources based on
prioritization, such as through column generation models, maximizes lifesaving capacity [62].

• Principle 29: Pneumatics and Hydraulics We have expanded the semantics of this principle to
include the concept of increasing the degrees of freedom of the target. Adjusting the degrees
of freedom of the system through external data-driven means to achieve the desired goals or
intentions. For example, in the field of software engineering, the goal of commonly used Inversion
of Control during the development process is to delegate key dependencies to specific containers
for management and control through external means, reducing coupling [63].

4.1.6. Information (I) → Data (D)

In the Cognitive Space, Information is transformed into Data through semantic differentiation
and contextual processing, thereby concretizing semantic content into a Data form. The semantic
distinctions within the Information serve as the basis for generating specific Data, enabling a more
precise representation of abstract concepts in a structured and quantifiable manner.

• Principle 10: Preliminary Action

Based on the differentiated content of Information semantics, specific datasets that may be
required in the future can be generated in advance. For example, by collecting meteorological
Information, agricultural Data models can be developed beforehand, such as generating Data on
the projected impact of rainfall and temperature variations on crop yields [64]. This proactive
approach provides robust Data support for agricultural decision-making, enabling stakeholders
to make informed choices based on predictive insights.

• Principle 22: Blessing in Disguise

Negative or anomalous elements within Information can be transformed into specific Data points
for further analysis and decision-making. For instance, by identifying anomalies in business
operations, such as production delays, specific operational Data can be generated or retrieved
to optimize production processes. This targeted approach enables a deeper understanding
of underlying issues and supports the development of more effective strategies for process
improvement and risk mitigation [65].

4.1.7. Information (I) → Information (I)

This phase discusses the process of refining and reorganizing Information to enhance its quality
and utility. This process involves not only optimizing the Information itself but also improving its struc-
ture and presentation to facilitate better understanding and effective communication. The following
are several TRIZ principles related to this transformation process and their specific applications:

• Principle 13: The Other Way Round

In the transformation of Information to Information, principle 13 is mainly reflected in the re-
organization of information flow or structure to promote a better understanding of complex
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concepts and more effective communication. For example, in the previous studies and improve-
ment of business information flow [66,67], stakeholders were able to better understand and use
corresponding workflows, which promoted business development and improved efficiency.

• Principle 17: Another Dimension

The cognitive subject can employ various forms of representation, such as charts and diagrams,
to transform one type of differentiation into another, providing multiple perspectives and deeper
insights into the Information. For example, in Data visualization, representing Information across
different dimensions, such as through multidimensional scaling and graph visualizations, can
help users better understand high-dimensional Data. A study on visualizing dimension coverage
in exploratory analysis demonstrated that representing Data visually with multiple perspectives
helps analysts form new questions and gain deeper insights into datasets [68]. In market research,
combining bar charts and pie charts can enhance the analysis by offering different viewpoints
on the same Data. For instance, visualizing research topics using a three-dimensional strategic
diagram enabled researchers to gain a more nuanced understanding of interdisciplinary research
areas and emerging trends [69]. This multi-faceted approach enhances the ability to analyze
complex Data and facilitates more informed and strategic decision-making.

4.1.8. Information (I) → Knowledge (K)

This process represents the cognitive subject’s transformation of structured Information semantics
into organized Knowledge. It highlights the importance of transitioning from Information to Knowl-
edge and the application of this Knowledge in new informational domains. This transformation is a
fundamental aspect of constructing Knowledge semantics. Below are several TRIZ principles related
to this transformation process and their specific applications:

• Principle 15: Dynamism

The Information represents different semantics, and as information updates, the complete seman-
tics corresponding to its knowledge represent our gradually clearer understanding of the world.
Therefore, the transformation of information into knowledge represents the continuous expansion
of the integrity of knowledge boundaries. And the dynamism of Principle 15 corresponds well to
this point For example, many studies on the prediction and characteristics of protein molecules
are constantly expanding human understanding of the field of biomolecules [70,71]. In order to
record such dynamics, researchers have constructed corresponding databases to record these
dynamic changes [72].

• Principle 24: Intermediary

This principle in the conversion refers to the use of frameworks or models to transform informa-
tion into knowledge, serving as a bridge between raw information and structured understanding.
For example, in the field of education, developing a curriculum as a framework to guide student
learning can help integrate dispersed learning materials into a systematic knowledge system [73].

4.1.9. Information (I) → Wisdom (W)

This process involves integrating Information with ethical considerations, social values, and
other factors to transform it into wise decisions within complex contexts. Wisdom is not merely a
pathway for the realization of Information; it also requires the consideration of long-term objectives
and multiple value judgments. This comprehensive approach ensures that decision-making is guided
by both practical insights and a deeper alignment with ethical and societal principles.

• Principle 23: Feedback

Through feedback expressed through different semantic contents, we can assess the strengths and
weaknesses of individuals or parts under similar conditions, and adjust or screen corresponding
strategies or solutions accordingly. For example, in the scenario of autonomous driving, when
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facing multiple optimization objectives, researchers obtain the latest input information through
feedback and make the best driving strategy in a timely manner [74,75].

• Principle 32: Color Changes

We extend the semantics of color to the realm of presentation, such as modifying the format
or framing of Information to enhance the effectiveness of Wisdom-based communication. This
approach, which may include storytelling or contextualization, makes the Information more
engaging and impactful, thereby conveying it more effectively to the audience. For example, in
marketing campaigns, communicating a product’s core values through a brand narrative, rather
than simply listing its features, can create a deeper resonance with consumers [76].

4.1.10. Information (I) → Purpose (P)

Through the analysis and comprehension of Information semantics, specific goals and action
purposes are generated based on the semantic differentiation of the Information. The transformation
process from Information to Purpose involves extracting key semantic distinctions from the Information
and formulating goal-oriented action plans. This process ensures that critical insights are translated
into actionable strategies, aligning cognitive understanding with purposeful behavior.

• Principle 16: Partial or Excessive Actions

Adjust the level of effort in Information processing according to the specific requirements of
the objective, ensuring that the Information is neither excessive nor insufficient. This means
determining the scope and depth of Information collection and analysis based on the importance
and required detail of the objective. For example, in software project management, if the goal is
to evaluate the cost-effectiveness of a project, efforts should be focused on collecting Data directly
related to costs and benefits, avoiding the collection of excessive unrelated Data to improve the
efficiency and relevance of Information processing [77].

• Principle 32: Color Changes

We extend the semantics of color to the realm of presentation. Modify the presentation of Infor-
mation according to the objective to enhance the clarity and impact of Information transmission.
This principle emphasizes the importance of presentation format, suggesting that Information
should be expressed or visually represented in a way that better aligns with the needs of the target
audience. For example, in corporate annual reports, to better convey the company’s performance
and future outlook to shareholders, key financial Data can be presented using charts, timelines,
and other visual tools to make the Information more intuitive and understandable [78–80].

4.1.11. Knowledge (K) → Data (D)

This process refers to the cognitive subject’s use of the completeness of Knowledge semantics to
reverse-engineer or refine expressions, thereby generating Data points that support the Knowledge
system. The transformation from Knowledge to Data typically involves extracting specific facts, metrics,
and verification Data from structured Knowledge. This approach enables the precise representation
and empirical validation of abstract Knowledge constructs, facilitating the alignment of theoretical
frameworks with tangible, Data-driven evidence.

• Principle 8: Anti-weight We have expanded the semantic content of this principle here, which
is to achieve a solution to the problem through certain compensation methods. Therefore, in
the conversion of knowledge to data, the idea of transforming complete content into consistent
semantic content is often used in distributed processing. For example, in a distributed file system,
to reduce the burden on a single storage system, complete content can be stored separately on
each node through specific policies, which allows each node to undertake a small portion of the
storage task, reducing the burden on individual nodes [81].

• Principle 9: Preliminary Anti-Action
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Using the completeness of knowledge semantics to filter out identical semantic content that does
not belong to the knowledge system, in other words, the knowledge system pre-screens irrelevant
data to ensure that only valuable data is collected and analyzed. This method not only improves
data processing efficiency but also prevents irrelevant data from affecting the decision-making
process. For example, before training an AI model, we need to preprocess the dataset in order to
use our existing knowledge system to filter out data that does not match the actual situation.

• Principle 25: Self-service

Apply existing Knowledge systems to autonomously guide Data collection and processing,
reducing the need for external intervention. For instance, in the design of intelligent sensor
networks, pre-set algorithms can be used to automatically identify important Data streams and
prioritize them, thereby optimizing resource allocation and enhancing the system’s adaptive
capabilities [82,83].

• Principle 27: Cheap Short-living Objects Data represents the same semantic content, and the
conversion of knowledge to data through this principle represents the transformation from
complex and complete to simple and lightweight. For example, in streaming media services,
in order to reduce video content transmission time or bandwidth, service providers often use
efficient video compression algorithms[84] to compress videos into smaller data formats while
preserving semantic integrity as much as possible.

4.1.12. Knowledge (K) → Information (I)

By analyzing Knowledge nodes and their relationships, these elements are concretized into
semantic content specific to a given context, thereby generating concrete Information. The transfor-
mation from Knowledge to Information typically involves simplifying and contextualizing complex
Knowledge structures to meet the requirements of specific applications. This process may include
extracting domain-specific Information from a Knowledge base or converting theoretical Knowledge
into practical guidelines, ensuring that abstract concepts are translated into actionable insights tailored
to particular scenarios.

• Principle 3: Local Quality

The key nodes and relationships within the Knowledge structure are concretized into Information
content, aimed at addressing specific problems or application contexts. This process typically
involves extracting critical components from the body of Knowledge and transforming them into
actionable Information semantics that can be directly applied. By converting essential Knowledge
elements into practical Information, this approach ensures that theoretical insights are effectively
utilized in real-world scenarios. For example, in the field of software engineering, Domain
Driven Design [42] is one of the manifestations of local quality. Software development teams start
from the business and abstract business knowledge into domain models to guide development.
Through in-depth understanding and refinement of the domain, they can more accurately identify
which parts need special attention and optimization in the business knowledge by reflecting
different semantics. In addition, each subdomain under the DDD design can be independently
designed and implemented. This modular design approach helps to concentrate resources and
efforts on optimizing key modules, thereby improving the overall quality of the software system.

• Principle 13: The Other Way Around

Generating specific Information content based on the inverse logical relationships within Knowl-
edge is particularly useful in handling anomalies and reverse reasoning scenarios. This process
involves reverse-analyzing causal relationships within the Knowledge base to produce Infor-
mation that can explain or predict specific phenomena. For example, leveraging maintenance
Knowledge to perform reverse reasoning can generate diagnostic Information about equipment
failures, such as potential causes and corresponding solutions for a particular type of malfunction.
This enables technical personnel to quickly identify the root cause of an issue, providing effective
support in troubleshooting and decision-making during equipment failures [85].
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4.1.13. Knowledge (K) → Knowledge (K)

The transformation process emphasizes the targeted nature of Information processing, ensuring
that the acquisition, analysis, and presentation of Information all serve specific objectives. The follow-
ing are several TRIZ principles related to this transformation process and their specific applications:

• Principle 22: Blessing in Disguise

Utilize challenges or limitations in knowledge as opportunities to develop deeper understanding
or new methods. This approach emphasizes the potential for breakthroughs in solving problems
and obstacles, advancing knowledge through critical thinking and innovation. For example, in
technological innovation, traditional file systems cannot meet business needs, and companies
developed their own file systems [81,86]. Therefore, by exploring alternative solutions or de-
veloping new methods, they promote the progress of related technologies and expand people’s
understanding of file systems.

• Principle 34: Discarding and Recovering

Update Knowledge by eliminating outdated concepts and incorporating new findings, main-
taining a robust and up-to-date Knowledge base. This method underscores the importance of
Knowledge renewal, retaining core Knowledge while continuously discarding obsolete parts and
adding the latest research outcomes. For example, in medical education, with the release of new
clinical research results, teaching content should be promptly updated by removing disproven
theories and including the latest medical practices [87].

4.1.14. Knowledge (K) → Wisdom (W)

The cognitive subject integrates Knowledge with multiple factors, such as ethics and social values,
to generate wise decisions that align with long-term goals and complex contexts. The transformation
from Knowledge to Wisdom requires careful consideration of the practical applicability of Knowledge
semantics and diverse value orientations. This process ensures that decision-making not only leverages
factual Knowledge but also aligns with broader ethical and societal principles, enabling the formulation
of nuanced and contextually appropriate strategies.

• Principle 15: Dynamism

Allow Knowledge and Wisdom to co-evolve over time, adapting to new Information and changing
contexts to maintain their relevance and effectiveness. This means that Knowledge and Wisdom
should not be static but should continually update and develop in a changing environment. For
instance, in medical research, as new discoveries emerge, existing treatment methods need to be
constantly adjusted to align with the latest scientific understanding [88].

• Principle 40: Composite Materials

We extend the semantics of materials to analyze and transform Knowledge content. Combine
diverse sources of Knowledge to develop a more nuanced and comprehensive form of Wisdom,
integrating multiple perspectives and experiences. This approach highlights the importance of in-
terdisciplinary Knowledge integration and cross-domain learning, where the fusion of Knowledge
from different fields creates richer Wisdom. For example, in public policy-making, integrating
Knowledge from social sciences, economics, and ethics can lead to more comprehensive and
sustainable policy measures [89,90].

4.1.15. Knowledge (K) → Purpose (P)

The transformation from Knowledge to Purpose emphasizes the dynamic interaction between
Knowledge and objectives, ensuring that the accumulation and application of Knowledge better serve
the strategic needs of organizations or individuals. The following are several TRIZ principles related
to this transformation process and their specific applications:
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• Principle 25: Self-service

We can leverage the completeness of knowledge semantics to construct goals that can be au-
tonomously adjusted or redefined, allowing goal setting to exhibit flexibility and adaptability
based on new insights. For example, Computer Vision based object recognition algorithms [91,92]
can find corresponding targets and recognize them based on the knowledge learned during
training.

• Principle 31: Porous Materials

We will expand and extend the porous semantics. Therefore, this invention principle can be
defined as maintaining the openness of objectives to the influx of new Knowledge, allowing
goals to dynamically adjust and optimize as understanding evolves. This method emphasizes
the plasticity and adaptability of objectives, ensuring that goals are continually updated as new
Knowledge is acquired. For instance, in corporate strategic planning, regularly reviewing changes
in the external environment and internal capabilities enables timely adjustments to the company’s
development direction to respond to market changes [93].

• Principle 35: Parameter Changes

By utilizing the semantic integrity of knowledge, parameters are adjusted to remain within the
current knowledge system and improve the overall goal of the system, resulting in outputs that
meet expectations [94].

4.1.16. Wisdom (W) → Data (D)

The process involves interpreting Data through Wisdom to gain profound insights, while also
discussing how Wisdom can guide Data collection and interpretation. It requires not only a deep
understanding of the Data itself but also the integration of experience and intuition to form a compre-
hensive cognition that transcends specific contexts. The following are several TRIZ principles closely
related to this transformation process, along with their specific applications:

• Principle 6: Universality

Wisdom is the information content with values, which is used in this principle to standardize or
define universal expressions or contents of the same semantics, and can also integrate multiple
independent data points into a coherent understanding beyond individual cases. For example,
in the media field, in order to reach a wider audience of people of different ages, educational
backgrounds, etc., corresponding adjustments need to be made to the expression methods and
channels of the displayed data[95].

• Principle 24: Intermediary

The cognitive subject can employ Wisdom-driven models or frameworks to analyze Data, of-
fering more refined and contextually relevant insights. For example, in social science research,
psychological theoretical models can be applied to interpret survey results. By leveraging the
value-driven processes inherent in Wisdom, these models facilitate a deeper exploration of the
motivations behind individual behaviors and the social factors that influence them. This approach
allows for a more comprehensive and nuanced understanding of complex human dynamics,
enhancing the ability to generate meaningful and actionable conclusions [96].

• Principle 25: Self-service

Wisdom can guide Data collection and interpretation, enabling autonomous operations by the cog-
nitive subject and reducing reliance on external guidance. This involves incorporating intelligent
decision-making mechanisms into Data processing. For instance, in intelligent traffic manage-
ment systems, historical traffic flow patterns and emergency response experiences can be utilized
to automatically adjust traffic signal control strategies, thereby optimizing traffic flow. This
approach enhances system responsiveness and efficiency by enabling adaptive, self-regulating
decision-making processes[97].
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• Principle 35: Parameter Changes

The cognitive subject can adjust Data parameters based on insights derived from Wisdom to
ensure that Data collection and analysis methods support deeper understanding. For example, In
intelligent transportation management systems, historical traffic flow patterns and emergency
response experience can be utilized to automatically adjust input parameters for traffic signal
control, thereby optimizing traffic flow. This method improves the system’s responsiveness and
efficiency by implementing an adaptive and self regulating decision-making process.[97].

4.1.17. Wisdom (W) → Information (I)

Transforming the semantic content of wise decisions into concrete Information expressions in-
volves converting complex decision-making logic, ethical judgments, and other nuanced considerations
into contextualized semantic Information that is accessible and easy to communicate. This conver-
sion from Wisdom to Information ensures that sophisticated insights are articulated in a clear and
comprehensible manner, facilitating effective dissemination and application across various contexts.

• Principle 16: Partial or Excessive Actions

The cognitive subject can leverage Wisdom to determine appropriate Information processing
methods, ensuring efficient resource allocation. This means that in handling Information, it is
crucial to apply measures that correspond to the level of semantic differentiation. For instance,
in corporate strategy development, Wisdom can guide which Information requires in-depth
exploration based on market trend analysis and which content only needs a high-level overview,
thus preventing resource waste or Information overload [98]. This approach optimizes the
decision-making process by aligning the depth of Information analysis with strategic priorities
and resource availability.

• Principle 22: Blessing in Disguise

Leveraging Wisdom to identify the deeper meanings or hidden value within Information seman-
tics can transform potential problems into opportunities for insight. For example, when faced
with negative customer feedback, a wise analysis might uncover new ways to improve products
or services, turning challenges into a catalyst for innovation and enhancement. This proactive
approach not only addresses immediate concerns but also contributes to long-term growth and
development by converting setbacks into strategic advancements [99].

4.1.18. Wisdom (W) → Knowledge (K)

Transforming the principles, strategies, and values inherent in wise decisions into a systematically
applicable Knowledge framework involves structuring and systematizing the abstract concepts found
within Wisdom-based decision-making. This process of converting Wisdom into Knowledge creates
reusable Knowledge modules, enabling the consistent application of these insights across different
scenarios and contexts. It ensures that the sophisticated understanding embedded in Wisdom is
translated into a coherent and operational Knowledge system that can be effectively utilized and
adapted for future decision-making processes.

• Principle 3: Local Quality

The cognitive subject transforms high-quality strategies derived from wise decision-making in a
specific domain into specialized Knowledge systems. For example, in healthcare management,
Wisdom-based medical decisions—such as strategies for responding to pandemics—are translated
into structured Knowledge systems for managing specific diseases. This may include Knowledge
of the allocation of medical resources and patient management tailored to infectious diseases,
thereby enabling a more systematic and effective approach to healthcare administration and crisis
response[100].

• Principle 23: Feedback
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Utilize experiential feedback to refine both Knowledge and Wisdom, enhancing understanding
and decision-making abilities through the lessons learned from both successes and failures. This
process emphasizes learning and reflection in practice, where continuous trial and error lead
to the development of a more mature Knowledge system and wise judgment. For instance,
researchers have drawn inspiration from the theory of evolution in nature, utilizing feedback and
self-regulation in the process of biological evolution to abstract these theories into evolutionary
algorithms for multi-objective optimization[101,102], achieving great success.

4.1.19. Wisdom (W) → Wisdom (W)

This process emphasizes the dynamic and adaptive nature of Wisdom, ensuring that it can
effectively guide decision-making in an ever-changing environment. The following are several TRIZ
principles related to this transformation process and their specific applications:

• Principle 15: Dynamism

Enable Wisdom to adapt and evolve with changing circumstances, ensuring its continued rele-
vance and effectiveness in guiding decisions. This means that Wisdom is not a static collection
of Knowledge but requires adjustment in response to changes in the external environment. For
example, in business management, leaders should continuously adjust their management philoso-
phies and strategies in response to market changes and competitive dynamics to maintain the
company’s competitiveness. Through dynamic adjustment, Wisdom can better address future
uncertainties. Research has shown that businesses that adapt their strategies in response to
competitive intensity and market dynamism tend to achieve better performance outcomes [103].
Similarly, a study on business model adaptation highlights how proactive adjustment to environ-
mental threats can significantly improve business performance [104].

• Principle 34: Discarding and Recovering

Abandon outdated or ineffective Wisdom to make room for new insights, ensuring that Wisdom
remains a dynamic and flexible cognitive asset. This means being willing to let go of perspectives
or methods that are no longer applicable while accumulating new Knowledge. For example, in
the field of software engineering, with the development of new technologies and methodologies,
old theories and practices may become outdated, requiring timely updating of professional
knowledge and abandoning outdated concepts and methods [105].

4.1.20. Wisdom (W) → Purpose (P)

In the Cognitive Space, strategic goals and action guidelines from Wisdom-based decision-making
can be concretized into target purposes, providing a clear direction for action. The transformation
from Wisdom to Purpose involves extracting specific goals and actionable pathways from the broader
strategic framework. This process ensures that abstract strategic objectives are translated into well-
defined purposes and execution plans, thereby guiding decision-making processes with precise and
goal-oriented directives.

• Principle 10: Preliminary Action

This principle is reflected in the transformation from wisdom to Purpose by setting goals using
valuable information content. For example, investment banks and asset management companies
will establish market monitoring systems to adopt corresponding hedging strategies before
financial market fluctuations occur, in order to avoid potential losses caused by future price
fluctuations [106].

• Principle 15: Dynamism

Cognitive subjects need to adjust or redefine their goals based on new values in order to maintain
their relevance and effectiveness in a constantly changing environment. This principle emphasizes
the dynamic adjustment of goals and suggests updating the original goals when new knowledge
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or experience arises to better align with the current context. For example, in the medical field,
medical institutions need to adjust treatment goals in a timely manner based on factors such as
the patient’s age, economic level, and other conditions to avoid unexpected situations [107].

• Principle 20: Continuity of Useful Action

The cognitive subject transforms wisdom into corresponding intentions through appropriate
strategies under limited conditions, enabling it to output reliable goals or effects. For example,
for the auto drive system[74], in the context of limited input content and computing power, the
Purpose output of the autonomous drive system needs to be aligned under human values[108], so
that the decisions of the autonomous drive system output can always conform to human values.

• Principle 33: Homogeneity

The important concept of this invention principle is to transform multiple similar intelligences
into consistent knowledge expressions, which can form a synergy and increase efficiency without
causing additional side effects. For example, using the Semantic Web [109], adopting unified
classification standards and annotation methods to form a consistent knowledge network, which
facilitates the association and inference of knowledge.

• Principle 39: Inert Atmosphere

We extend the semantics of this principle to improve target output efficiency by reducing environ-
mental interference, while also facilitating analysis of the resulting phenomena. This principle
embodies the transformation from wisdom to Purpose in the DIKWP model. For example, in
the field of computer science, containerization is a lightweight and portable way to configure
computing environments. It packages applications and their required libraries, dependencies,
and configuration files together, as the simplicity of the environment makes it easy to deploy on
various hosts, with consistent performance and reduced testing time costs [110].

4.1.21. Purpose (P) → Data (D)

The cognitive subject transforms Purpose content into specific Data collection requirements and
Data formats through goal-oriented analysis. This process of converting Purpose into Data involves
translating the semantic content of expected objectives into concrete Data formats and collection plans.
By aligning the intended goals with precise Data specifications, this transformation ensures that Data
collection efforts are systematically guided to support the achievement of targeted outcomes.

• Principle 10: Preliminary Action

Future Data collection plans and requirements can be proactively generated based on the content
of purposes to ensure that the Data will meet the analytical needs of anticipated goals. In market
analysis, for example, new Data collection strategies can be developed in advance based on
market expansion purposes, such as gathering Information on emerging market trends and
competitor activities. This approach ensures that Data acquisition is strategically aligned with the
expected objectives, facilitating more effective analysis and informed decision-making [111].

• Principle 19: Periodic Action

The cognitive subject collects specific data based on periodic similar purposes for analysis or
decision-making in other aspects. In the context of the Internet of Things, sensors in the system
collect status data of monitored devices every once in a while, which is used for the working
status of each device [112].

• Principle 21: Skipping

When facing problems caused by slow efficiency, in order to achieve rapid response, it is often
necessary to preset corresponding strategies based on known experience. For example, in
personalized recommendation systems, the system can directly recommend content of interest to
users based on their preferences, without the need to collect a large amount of user behavior data
for analysis first [113].
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• Principle 23: Feedback

Based on the feedback mechanisms of the intended goals, supplementary and optimized Data can
be generated to create datasets that more accurately align with the objectives. In user experience
optimization, for instance, new Data collection requirements can be derived from user feedback to
capture additional user behavior Information. This helps refine product design according to the
intent of product improvements, ensuring that the Data collected supports targeted enhancements
and delivers a better user experience [114].

4.1.22. Purpose (P) → Information (I)

The cognitive subject transforms the content of purposes into specific expressions with distinct
semantics through decomposition and contextualization. In other words, the conversion from Purpose
to Information typically involves translating goals and strategies into semantic Information that is clear,
comprehensible, and easy to disseminate. This process ensures that complex purposes are articulated
in a way that facilitates understanding and effective communication across different contexts and
audiences.

• Principle 6: Universality

Purposes can be transformed into various reusable standardized Information templates, reflecting
semantic differences through distinct, specific purposes. These templates can be adapted to
suit different contexts and objectives, allowing for the effective communication of nuanced
Information semantics across diverse scenarios [115]. This structured approach enhances the
clarity and consistency of Information dissemination while ensuring alignment with varying
goals and situational requirements.

4.1.23. Purpose (P) → Knowledge (K)

This transformation involves converting the purposes and action plans embedded within pur-
poses into a structured Knowledge framework and logical system, thereby forming a comprehensive
Knowledge base aligned with the intended objectives. The process of transforming Purpose into
Knowledge requires concretizing the abstract aspects of the goals into actionable strategies and ex-
ecution pathways. This ensures that the underlying purposes are systematically integrated into a
cohesive and applicable Knowledge system that can be effectively utilized for decision-making and
implementation.

• Principle 2: Taking Out

The cognitive subject can extract the core goals and strategies from purposes to form independent
Knowledge modules. These modules, containing comprehensive semantics, can be used to guide
future actions. In corporate management, for instance, the core strategic purposes for company
growth can be structured into Knowledge modules, such as market expansion strategies or brand
development strategies, to support strategic implementation across various departments. This
approach ensures that each department aligns its actions with the overarching strategic vision,
facilitating coherent and coordinated organizational growth [116].

• Principle 15: Dynamism

In risk management, transforming dynamic risk assessment purposes into a real-time, adaptive
risk management Knowledge system is crucial. For instance, a large financial institution must
navigate an ever-changing market environment and policy risks, such as macroeconomic fluc-
tuations and international market uncertainties. Traditional static risk management strategies
are no longer sufficient to meet the demands of rapidly evolving market conditions. It is essen-
tial to translate risk management purposes into a dynamic, continuously updated Knowledge
framework that can effectively respond to emerging risks and challenges [19,117].
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4.1.24. Purpose (P) → Wisdom (W)

This process integrates the content of purposes with multiple factors such as ethics and social
values to form wise decisions that align with long-term objectives. The transformation from Purpose to
Wisdom requires a comprehensive evaluation of the feasibility, ethical considerations, and impact on
the overall system. It ensures that decisions are sustainable and balanced across multiple dimensions,
supporting the long-term strategic vision while maintaining ethical integrity and systemic harmony.

• Principle 36: Phase Transitions

The transformation from Purpose to wisdom is reflected in the principle that the cognitive
subject forms wisdom beyond generalization through its subjective Purpose, that is, it can output
value content beyond the general scope through limited resources under specific conditions.
For example, when artificial neural networks were first proposed, they were just a simple
computational model based on the concept of bionics. After decades of development, models
based on artificial neural networks have been applied in various fields and have achieved excellent
application results [118].

• Principle 40: Composite Materials

We have expanded the semantics of composite materials, transforming them into multidimen-
sional objectives. The cognitive subject comprehensively considers the multidimensional goals
embedded within the intentions—such as economic benefits and social responsibility—to gener-
ate wise decisions that balance the interests of all stakeholders. This holistic approach ensures that
decision-making is aligned with diverse objectives, facilitating sustainable and ethically sound
outcomes. For example, when generating content for generative AI models, it is necessary to
consider economic benefits, social responsibility, and compliance with human ethics and values,
in order to avoid ethical and moral issues as much as possible [119]. However, fully considering
the above content can construct different paths and solutions, promoting innovation in research
related to generative AI.

4.1.25. Purpose (P) → Purpose (P)

This process emphasizes the dynamic adjustment and continuous optimization of purposes, en-
suring their adaptability to the constantly changing internal and external environments. The following
are several TRIZ principles related to this transformation process and their specific applications:

• Principle 1: Segmentation

When the cognitive subject is processing purposes, if the purposes are complex or difficult to
process at once, they can use principle 1 to transform the purposes into multiple sub-purposes for
processing. For example, in software engineering, designers often need to divide software into
various sub-functions or sub-modules, with each sub-function or sub-module completing a small
part of the overall Purpose while maintaining the same Purpose for the whole [120].

• Principle 14: Circularity

The transformation of this principle between purposes is reflected in transforming the linear
structure that emphasizes the relationship between purposes into a circular structure, where all
purposes are executed in a cyclic order under certain conditions. For example, in the field of
software engineering, CI (Continuous Integration) and CD (Continuous Delivery/Continuous
Deployment) belong to the concept of DevOps[121], which refers to the transformation of manual
intervention in a series of processes such as code building, testing, deployment, and infrastructure
configuration in the traditional development process into automation. Using CI/CD, code can be
automatically tested, delivered, and deployed after being modified by developers. Appropriate
CI/CD pipelines can minimize computer downtime and enable faster code release [122].

• Principle 37: Thermal Expansion
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We have expanded this invention principle to include the concept of elasticity, which means that
cognitive agents can construct more solutions by improving target elasticity. This principle can
be verified through the transformation of wisdom into Purpose. In the cloud computing scenario,
users can adjust the resources required for cloud computing by modifying static parameters or
load levels according to their own business needs, while providers need to build an elastic cloud
computing environment to meet users’ personalized needs [123].

• Principle 38: Strong Oxidants

The semantic content of Principle 38 has been expanded to include the use of various means to
accelerate the process of achieving a certain goal. This principle is reflected in the transformation
between intentions. In the field of computer hardware, specific algorithms are accelerated
through dedicated processors or instruction sets to achieve fast output results and increase system
throughput [124].

4.2. Cognitive Space Coverage Completeness Analysis

The analysis of Cognitive Space coverage completeness involves evaluating how comprehen-
sively a problem-solving framework addresses the various cognitive processes required for effective
innovation. In the context of the DIKWP model, Cognitive Space refers to the semantic transformation
processes between the different elements in the DIKWSP framework. We utilizes the DIKWP ∗ DIKWP
interaction model, along with the mapping results from the section 4.1, to assess the extent to which
the mapped TRIZ principles cover these dimensions. This evaluation helps identify areas where
traditional TRIZ principles may fall short, as well as domains where the integration of DIKWP and
TRIZ provides significant enhancement.

Based on the analysis of the mapping in Section 4.1, we constructed a DIKWP ∗ DIKWP matrix, as
shown in Table 1, where the numbers in each cell represent the corresponding TRIZ inventive principle
numbers. However, if we use DIKWP as the entry point, we can leverage the DIKWP ∗ DIKWP
transformation process to map to the various TRIZ inventive principles. By employing a graph
search-based approach, it becomes possible to identify the most suitable inventive principles. Figure 3
illustrates the number of alternative paths for innovation methods during the transformation between
stages in the DIKWP model. The values and color intensity in each cell represent the number of TRIZ
inventive principles applied during the transition from one stage to another. Darker colors indicate
that more inventive principles are available for selection, which often suggests a higher degree of
overlap or greater uncertainty in the transformation process. For instance, the transformation from
Data to Data involves five TRIZ inventive principles, implying that multiple innovation methods can
be employed, potentially leading to overlap or excessive branching of innovation pathways. The values
and color gradients in each cell signify the number of TRIZ inventive principles applied during the
transition from one stage to another. A darker shade implies a greater number of inventive principles
used, which often indicates a more complex transformation process or one of higher importance. If
a particular inventive principle identified through the search is not a suitable match, the internal
transformations between DIKWP elements can still be explored to continue the search, and this process
can be iteratively extended.
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Figure 3. This figure represents the heatmap matrix mapping between the DIKWP model and TRIZ
inventive principles, where the numbers in the matrix indicate the number of covered TRIZ innovation
methods.

Table 1. DIKWP element transformation corresponding to the TRIZ invention principle.

From / To Data Information Knowledge Wisdom Purpose

Data 1, 2, 5, 10, 12, 18, 26, 30 3, 5, 9, 17, 28, 35 6, 24 40 4, 11, 15, 29

Information 10, 22 13, 17 15, 24 23, 32 16, 32

Knowledge 8, 9, 25, 27 3, 13 22, 34 15, 40 25, 31, 35

Wisdom 6, 24, 25, 35 16, 22 3, 23 15, 34 10, 15, 20, 33, 39

Purpose 10, 19, 21, 23 6 2, 15 36, 40 1, 14, 37, 38
Numbers in the table represent the numbering of the invention principles of TRIZ.

5. Application of DIKWP-TRIZ

In this section, we conduct a comparative analysis of the usage and cognitive approaches of the
TRIZ method and the DIKWP-TRIZ method through a straightforward case study. This case study
aims to illustrate that the number of solutions generated by the TRIZ invention principles is influenced
by the user’s problem interpretation and the completeness of parameter content within their Cognitive
Space. Additionally, we discuss the differences between the two methods from the perspectives of
Purpose-driven reasoning and parameter optimization, highlighting the distinct advantages of the
DIKWP-TRIZ approach in enhancing problem-solving efficiency and adaptability.

Case: Directly entering the password to unlock can easily be stolen, and the unlocking method
needs to be improved.

5.1. TRIZ Method

In this case, we used a 48-parameter contradiction matrix for analysis [27]. If we need to change
password unlocking to biometric recognition or special device recognition, etc. The parameter that
needs to be improved in this process is Security, and the parameter that prevents deterioration is
Operability. The innovative solutions found in the contradiction matrix analysis table include principles
3, 10, 13, and 25, which correspond to Local Quality, Preliminary Action, The other way round, and
Self-service, respectively. The parameters requiring improvement may lack completeness, and the
effectiveness of solution searching heavily depends on the expertise of TRIZ users. This suggests that
relying solely on the contradiction matrix to drive solution searches may not fully address the cognitive
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demands of users, necessitating more fundamental transformations and processes to enhance solution
discovery. By integrating DIKWP-TRIZ, the problem-solving pathway is mapped as transformations
between DIKWPs. This mapping aligns with the application of TRIZ’s invention principles, thereby
alleviating cognitive load and reducing the complexity of user-driven reasoning to some extent.

5.2. DIKWP-TRIZ Method

The DIKWP model is utilized to analyze the objectives of the problem at hand. By ensuring the
comprehensiveness of solutions for the targeted issue, congruent and divergent semantic elements are
systematically organized and analyzed to identify potential areas for improvement. This analytical
process culminates in the extraction of valuable insights, which are then presented as the solution to
the identified DIKWP problem.

Building on the findings detailed in Section 4.1, the transformation methodologies between
DIKWP entities involved in this process are systematically mapped to the TRIZ theory of inventive
problem solving. This mapping not only deepens the understanding of the internal mechanisms
underpinning the DIKWP model but also generates innovative approaches that provide both theoretical
foundations and practical strategies for addressing the problem at hand. As a practical application, we
first analyze the shared semantic characteristics in cases of password theft, including methods such as
spying and keylogge. The representation of these shared semantic elements is as follows:

D1 = {Spying, Keylogger} (6)

D1 is the stealing method, which, as the same semantics, refers to the methods of spying and
keyloggers. The idea to solve this problem is to improve the unlocking method to avoid theft methods
in the same semantic situation mentioned above. Firstly, we need to convert data D1 into an Purpose,
which is to output the user’s password through the corresponding input operation,

D1 → P1 (7)

where P1 is the transformed Purpose, representing the consistent Purpose of all elements in D1.
Then, for the input that satisfies P1:

P1 → D2 (8)

where D2 represents the same semantic representation of the stolen password.
After learning the main Purpose, we can adjust the output content D2 in P2 to be inconsistent with

the original password content that is, replace the unlocking method with other results that cannot be
obtained through peeping or keyloggers as input content, among which biometric recognition, special
device recognition, and other methods can avoid being obtained by elements in D1. This process
converts the originally entered password into high-dimensional integrity input, which means that the
integrity content cannot be directly obtained through the methods in D1, and also satisfies the goal of
not being able to unlock directly through the process of all elements in D1. To meet this requirement,
we need to transform the input data into knowledge,

D2 → K1 (9)

where K1 represents the integrity semantics used as unlock input and D3 represents data with
unlock semantics. This process refers to converting the unlocked input data content into complete
knowledge content, so as to avoid being stolen by the method in D1 during transmission.

In summary, based on the analysis method in Section 4.1, We compared the principles of TRIZ
and DIKWP-TRIZ outputs in Table 2.
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Table 2. Comparison of Invention Principle Output between TRIZ and DIKWP-TRIZ.

TRIZ DIKWP-TRIZ

principle 3, principle 10, principle 13, principle
25

principle 4, principle 6, principle 10, principle
11, principle 15, principle 19, principle 21,

principle 23, principle 24, principle 29

5.3. DIKWP-TRIZ Versus TRIZ

5.3.1. Traditional Framework of TRIZ and Its Limitations

In Table 3, traditional TRIZ framework primarily focuses on physical contradictions, such as the
trade-off between strength and weight, while it overlooks more abstract issues like cognition, semantics,
and ethics. Moreover, TRIZ’s approach is grounded in handling known, well-defined contradictions
within technical systems. Its efficacy diminishes when confronted with incomplete, inconsistent, or
imprecise Data. TRIZ assumes an abundance of technical Data to analyze contradictions and apply its
principles, making it more suited to optimizing known parameters rather than addressing problems
characterized by uncertainty.

Table 3. Comparative Analysis of DIKWP-TRIZ and Traditional TRIZ.

Aspects Traditional TRIZ DIKWP-TRIZ

Framework Hierarchical structure (focuses on
technical/physical contradictions)

Network structure (interaction
among Data-Information-

Knowledge-Wisdom-Purpose)

Problem Focus Technical contradictions (e.g.,
functionality vs efficiency)

Cognitive, semantic, and ethical
contradictions, handling

uncertainty in AI

Contradiction Handling Method Uses 40 invention principles to
resolve physical contradictions

Uses DIKWP network interactions
to resolve incomplete Data,

inconsistent Knowledge, etc.

Resolution Methods Invention principles such as
segmentation, separation, and

merging

Transformations and
complementarity among DIKWP

elements, e.g., using Data to
correct Knowledge or Wisdom to

resolve ethical conflicts

Innovation Process Based on analysis of past
inventions, deterministic and

systematic

Adaptive, emergent, intent-driven,
capable of handling

incomplete/inconsistent
input/output pairs

Uncertainty Handling Assumes Data is complete or
clearly defined, focuses on

technical solutions

Explicitly handles the "three-no"
problems (incomplete,

inconsistent, imprecise Data)
through semantic transformation

Focus on Cognitive Systems Primarily used for solving
technical problems in engineering

and design

Aims to solve problems in AI,
cognitive systems, artificial
consciousness, emphasizing

ethical AI and Purpose-driven
decision-making
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Table 3. Cont.

Aspects Traditional TRIZ DIKWP-TRIZ

Applicability Engineering, product design,
mechanical systems,

manufacturing

AI development, large language
models (LLMs), ethical

decision-making, cognitive and
semantic problem-solving

Ethical Issue Handling Not designed to solve moral or
ethical contradictions

Handles ethical dilemmas through
integration of Wisdom and

Purpose, ensuring alignment with
ethical principles in AI

development

Invention Space Based on hierarchical application
of 40 principles

DIKWP interaction’s 5x5 network
model, where all elements can

influence each other (e.g., Data can
affect Wisdom, Knowledge can

change Data)

Application Scope Engineering, industrial design,
optimization, physical inventions

AI, consciousness systems,
large-scale decision making,

high-level ethical and semantic
issue resolution

Complexity of Invention Uses established principles to
solve clearly defined technical

problems

Solves high-complexity problems
with unknown or incomplete Data
through transformation within the

DIKWP space

5.3.2. Purpose and Ethical Considerations

The DIKWP-TRIZ framework emphasizes the critical dimension of “Purpose,” positioning it as a
cornerstone for addressing both technical challenges and broader ethical and societal considerations.
As the foundation for advancing creative AI, DIKWP-TRIZ aspires to become a theoretical basis
for fostering innovation while ensuring that technological progress aligns with human values. This
intentional incorporation of "Purpose" into the problem-solving process not only guides the creation
of innovative solutions but also provides a robust mechanism for addressing ethical dilemmas in the
process of invention and innovation. In the context of developing creative AI systems, where the
alignment of technological advancements with human-centric values is paramount, DIKWP-TRIZ
offers a pathway to integrate ethical reasoning into the innovation cycle. By grounding the framework
in a Purpose-driven approach, it encourages a harmonious balance between technological progress
and societal well-being, fostering a future where creative AI contributes to sustainable and ethical
innovation.

6. Conclusions

In this paper, we proposed the DIKWP-TRIZ framework, which extends the traditional TRIZ
methodology by incorporating the DIKWP model’s elements of Data, Information, Knowledge, Wis-
dom, and Purpose. This integration not only enhances the applicability of TRIZ to complex cognitive
processes but also emphasizes the human-centric aspects of innovation, such as value orientation and
ethical considerations. Through systematic mapping and the identification of overlapping principles,
we have demonstrated how the DIKWP-TRIZ framework can provide a more structured and effective
approach to problem-solving in scenarios characterized by incompleteness, inconsistency, and impreci-
sion. By differentiating and refining TRIZ principles within the DIKWP framework, we have laid the
groundwork for a coherent application methodology that minimizes cognitive burden and maximizes
innovation potential. The resulting methodology enables practitioners to systematically apply TRIZ
principles to a wide range of cognitive transformations, ultimately facilitating the development of
advanced decision-making systems and supporting the evolution of artificial consciousness. Future
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research will focus on comparative analysis between the DIKWP-TRIZ framework and traditional
TRIZ, and extend the 3-N problems to a 9-N (No-Complete, No-Inconsistent, No-Improved, No-
Relevant, No-Redundant, No-Timely, No-Accurate, No-Accessible, No-Understandable) problems,
examining their respective implementation paths and the complexity involved in achieving innovation.
Additionally, another key aspect of future work will be to fundamentally change the way definitions
are formed, utilizing fine semantic mathematics to help establish more seamless connections between
Cognitive Space, Semantic Space, consciousness space, and Conceptual Space. By strengthening the
mathematical processing of semantics, this approach will promote more precise and logical innovative
results, minimizing ambiguity and uncertainty to the greatest extent possible. This analysis will pro-
vide deeper insights into the mechanisms by which DIKWP-TRIZ promotes more subtle and complex
innovation processes. Finally, this line of inquiry will establish a solid foundation for constructing
artificial consciousness systems based on the DIKWP-TRIZ methodology, advancing the state of the
art in creative AI-driven innovation and cognitive modeling.
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Appendix A

Appendix A.1

Table A1. TRIZ Invention Principles.

Number Principle Name

Principle 1 Segmentation
Principle 2 Extraction
Principle 3 Local Quality
Principle 4 Asymmetry
Principle 5 Merging
Principle 6 Universality
Principle 7 Nested Doll
Principle 8 Anti-weight
Principle 9 Preliminary Anti-Action
Principle 10 Preliminary Action
Principle 11 In-advance cushioning
Principle 12 Equipotentiality
Principle 13 The Other Way Round
Principle 14 Circularity
Principle 15 Dynamism
Principle 16 Partial or Excessive Actions
Principle 17 Another Dimension
Principle 18 Mechanical vibration
Principle 19 Periodic Action
Principle 20 Continuity of Useful Action
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Table A1. Cont.

Number Principle Name

Principle 21 Skipping
Principle 22 Blessing in Disguise
Principle 23 Feedback
Principle 24 Intermediary
Principle 25 Self-service
Principle 26 Copying
Principle 27 Cheap Short-living Objects
Principle 28 Mechanics Substitution
Principle 29 Pneumatics and Hydraulics
Principle 30 Flexible Shells and Thin Films
Principle 31 Porous Materials
Principle 32 Color Changes
Principle 33 Homogeneity
Principle 34 Discarding and Recovering
Principle 35 Parameter Changes
Principle 36 Phase Transitions
Principle 37 Thermal Expansion
Principle 38 Strong Oxidants
Principle 39 Inert Atmosphere
Principle 40 Composite Materials
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