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Article 
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2 The Laboratory for AI, Machine Learning, Business & Data Analytics (LAMBDA), Tel-Aviv University, 

Tel Aviv, Israel 
* Correspondence: bgalitsky@hotmail.com

Abstract: This paper introduces a novel computational framework for analyzing and supporting 
invention dialogues, focusing on the interplay between problem-solving and creative reasoning. We 
propose a formalism for invention dialogues that captures the structure, patterns, and phase 
transitions. We leverage category-theoretic representation to describe the transformations in idea 
development, effectively modeling the processes of abstraction, refinement, and integration. Third, 
we frame invention as a Constraint Satisfaction Problem (CSP), enabling the representation of 
constraints and dependencies within the design process. Also, we present a Unified Model for 
Creative Reasoning, integrating dialogue formalism, category theory, and CSP frameworks into a 
cohesive computational approach. Finally, we explore the pedagogical value of invention dialogues, 
demonstrating their potential for training and enhancing creative problem-solving skills. Our 
contributions provide a robust theoretical foundation and practical tools for understanding and 
fostering innovation in both human and machine contexts in the form of invention dialogues. We 
evaluate the pedagogical value of automatically constructed invention dialogue and observe a 
substantial improvement of learning efficiency in comparison to plain text form of learning material. 

Keywords: invention dialogues; computational framework; problem-solving; creative reasoning; 
dialogue formalism; category theory; constraint satisfaction problem 

1. Introduction

Innovation and invention have long been regarded as processes driven by creativity, problem-
solving, and collaboration. At the heart of these processes lies the dialogue between inventors, which 
serves as a medium for exchanging ideas, defining goals, identifying constraints, and iteratively 
refining solutions. Such dialogues are inherently structured yet dynamic, reflecting the interplay 
between constraints imposed by the problem space and the conceptual flexibility required to generate 
novel solutions. This paper proposes a formal model for inventor dialogues, framing invention as a 
process that can be analyzed through the lens of category theory and constraint satisfaction problems 
(CSPs). 

Representing inventions in the form of dialogue has significant pedagogical value because it 
engages learners actively, enhances comprehension, and stimulates critical thinking. Dialogues allow 
students to follow a conversation between characters, making it easier to explore ideas step-by-step. 
Also, dialogues simulate a classroom discussion where learners can anticipate questions and 
mentally respond, reinforcing understanding. Dialogue introduces contrasting viewpoints, pushing 
learners to evaluate and synthesize ideas. Moreover, it encourages learners to think hypothetically—
how an invention might impact society or solve specific problems. 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.
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An Example Scenario on 3D Bioprinting for Organ Transplants can look as follows: 

• Student A: "Why can't we just grow organs in labs?" 

• Mentor: "That's what 3D bioprinting tries to solve. Instead of waiting for donors, it prints 

tissues layer by layer." 

• Student B: "But what materials do they use?" 

• Mentor: "Special bio-inks made from living cells. For example, they use stem cells to build 

custom tissue structures." 

         There is indeed a noticeable scarcity of documented records capturing actual dialogues 
between famous inventors. While it is widely acknowledged that many groundbreaking inventions 
likely emerged from discussions, debates, and collaborative exchanges of ideas, concrete examples of 
such inventive dialogues remain elusive. Conversations between inventors and their peers may have 
played a pivotal role in refining concepts, addressing technical challenges, and sparking creative 
insights. However, the absence of preserved transcripts or detailed accounts has left this aspect of the 
inventive process largely speculative. Despite thorough searches, the authors were unable to uncover 
any verifiable examples of dialogues that directly contributed to specific inventions through online 
sources. This gap highlights the need for further archival research and exploration into personal 
correspondences, laboratory notebooks, and memoirs that might shed light on the conversational 
dynamics behind some of history’s most transformative innovations (Figure 1). 

 

Figure 1. A non-verbal dialogue on inventing oil-to-money machine. 

One famous dialogue that led to a well-known invention occurred between Alexander Graham 
Bell and his assistant Thomas Watson during the development of the telephone in 1876 (Figure 2). 

While experimenting with the device, Bell famously said: 
"Mr. Watson, come here. I want to see you." 
These were the first words transmitted via a telephone, marking a groundbreaking moment in 

communication history. This exchange demonstrated the practical application of voice transmission 
over electric wires, revolutionizing global communication. 
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Figure 2. Alexander Bell and his invented telephone. 

Another example is the Manhattan Project discussions involving Albert Einstein and Leo Szilard 
in the 1930s. Their letters to President Franklin D. Roosevelt, warning of Nazi Germany's potential to 
build atomic weapons, led to the development of the atomic bomb during World War II (Figure 3). 
Oppenheimer: 

"If we can sustain a chain reaction, what yields are we realistically expecting?" 

Enrico Fermi: 

"In theory, with enough uranium-235 or plutonium, we could produce an explosive energy equivalent to 

thousands of tons of TNT." 

Edward Teller: 

"And if the reaction runs away, the atmosphere—do we risk igniting it?" 

Oppenheimer (pausing): 

"That’s precisely what we must calculate. Safety first. But if the calculations hold..." 

Hans Bethe: 

"Then the energy release could be controlled—directed—enough to end the war." 

Oppenheimer (nodding): 

"But at what cost? Still, we have to proceed. We cannot let the Nazis get there first." 
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Figure 3. The hypothetical dialog around the Manhattan project. 

Traditional approaches to modeling invention often emphasize brainstorming techniques, 
heuristic optimization, or rule-based reasoning systems. While these methods capture aspects of 
creativity, they frequently overlook the formalizable structure of invention dialogues, which 
integrate logical reasoning, constraint handling, and conceptual blending. This paper addresses this 
gap by providing a mathematical framework that not only represents the informational flow within 
inventor dialogues but also models invention as a form of constraint satisfaction that balances 
feasibility with novelty. 

We conceptualize invention as a dialogue-driven process where inventors collaboratively 
explore and refine a design space through constraints and transformations. In this framework: 

• Category theory provides the algebraic tools to formalize relationships between concepts, 
capturing transformations and mappings between ideas. 

• Constraint satisfaction problems define the boundaries within which invention operates, 
modeling constraints as logical and computational entities to ensure solutions are both feasible 
and innovative. 

By integrating these two formal systems, we bridge the linguistic and mathematical dimensions 
of invention, enabling precise modeling of dialogue dynamics while preserving the exploratory 
nature of human creativity (Figure 4). 
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Figure 4. Combining category theory and CSP. 

Contribution 

This paper makes the following contributions (Figure 5): 
1) Dialogue Formalism for Invention – It develops a formal model for inventor dialogues, 

highlighting their structure, patterns, and transitions. 
2) Category-Theoretic Representation – It applies category theory to describe transformations in 

idea development, capturing abstraction, refinement, and integration processes. 
3) Constraint Satisfaction Problem Framework – It frames invention as a CSP, modeling 

constraints and dependencies within the design process. 
4) Unified Model for Creative Reasoning – It integrates the above methods to provide a unified 

computational framework for analyzing and supporting invention dialogues. 
5) Developing pedagogical value for invention dialogues. 

 

Figure 5. Visualization of contribution of this chapter. 

This research is motivated by the need for structured frameworks that support invention in 
domains ranging from engineering and design to AI-driven innovation platforms. The proposed 
model has implications for computational creativity, knowledge representation, and collaborative AI 
systems, offering tools to simulate and enhance human-machine co-creation. 

2. Categorial Theory Formalization 

Category theory provides a universal language for defining interactions among objects in all of 
mathematics, physics, computer science, and mathematical logic. Category theory has recently seen 
increasing use in machine learning, including dimensionality reduction (McInnes et al. 2018) and 
clustering. One unique aspect of defining machine learning as extending functors in a category 
(Mahadevan 2024). 
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2.1. First Example of an Invention Dialogue 

We introduce the full dialogue and highlight its entities and components for categorial analysis 
(Figure 6). 

 
Scene: Dr. Maxwell’s workshop, filled with mechanical blueprints and prototypes of 
various inventions. Alex, a young and curious engineer, approaches Dr. Maxwell with an 
idea. 
Alex: (excited) Dr. Maxwell, I’ve been thinking about how to make airplanes faster. 
Propellers seem to have reached their limit. I mean, we’ve improved engines, but the 
propeller design just can’t push planes any faster through the air. 
Dr. Maxwell: (leaning back, thoughtful) You're right, Alex. Propellers work by cutting 
through the air, but they encounter drag, especially at higher speeds. There's only so much 
power you can extract from that method. What do you have in mind? 

Alex: What if... we could move the air faster than any propeller can spin? I’ve been reading 
about rocket propulsion—how rockets push gas backward to propel themselves forward. 
Couldn’t we apply something like that to airplanes? 
Dr. Maxwell: (raising an eyebrow) Rockets? They work in space because there's no 
atmosphere, but here, in the air... it’s a different story. What you’re describing sounds like 
pure thrust—without relying on an external propeller. You want to push the plane through 
the air by forcing air or gas backward, right? 
Alex: Exactly! Imagine if we could compress the air coming in, ignite fuel with it, and then 
expel it at a high speed to create thrust. Instead of just spinning a propeller, we’re pushing 
the plane forward directly by accelerating the air. 
Dr. Maxwell: (grabs a pencil, sketching on a piece of paper) You’re talking about continuous 
combustion in a confined space. We’d need to find a way to pull in air, compress it, mix it 
with fuel, ignite it, and push the exhaust out at much higher speeds. It would have to be an 
internal combustion engine, but without pistons, just airflow. 
Alex: (pointing to the sketch) Exactly! A high-speed air intake, followed by compression. 
Then, we ignite the mixture and shoot it out the back, creating thrust. It’s like a controlled 
explosion, propelling the plane forward. What if we could use turbines to compress the air 
before ignition? 
Dr. Maxwell: (nodding, thinking out loud) A turbine, yes! If we install a compressor at the 
front to pull in air and compress it, then introduce fuel and ignite it, the high-speed exhaust 
could drive a turbine that helps keep the compression going... a self-sustaining cycle. The 
faster the exhaust, the faster the plane. 

Alex: (excited) Exactly! And with no propeller to hold us back, the plane could go faster and 
higher without the same drag limitations. The exhaust gases would do all the work. 
Dr. Maxwell: (grinning) You may have something here. This would be revolutionary—no 
need for a propeller. You’d be using the air itself as fuel for speed! The idea of using turbines 
to sustain compression and ignition—it could work. We would call this... a "jet engine." 
Alex: (beaming) A jet engine... I like the sound of that. It’s like we’re not just flying anymore, 
we’re truly propelling ourselves through the air. 
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Dr. Maxwell: (nodding) And once we perfect the design, we’ll be able to achieve speeds no 
one thought possible with propeller engines. Let’s start working on a prototype. We’ll need 
to solve the challenges of heat, materials, and efficiency, but I believe we can do it. This 
could change aviation forever. 
Alex: (smiling) Then let’s get to work! 

 

Figure 6. An invention dialogue with highlighted entities and components. 

We identified three components of an invention dialogue highlighted in three ways : 
1) Problem formulation 
2) Problem resolution attempt 
3) Successful break-through 

Handling components and entities is important as we design prompts for LLMs to auto build 
invention dialogues. In prompt constructions, we need to outline the variable and constant parts of 
prompts. Domains in a dialogue come via the certain sequence, and entities could  be varied to 
obtain a wide spectrum of dialogues.  

2.2. Categorial Model 

To formalize a model of an invention dialogue using category theory, we start by defining key 
components such as objects, morphisms, functors, and natural transformations. Here's a breakdown 
of how to build the model step by step: 

1. Objects in the Dialogue Model 
In the categorical framework, objects in a dialogue represent participants, physical entities 

under discussion, and mental attributes associated with these entities. Specifically: 

• Participants: People engaged in the dialogue (e.g., inventors, engineers). 
• Physical Objects: The things being discussed, such as the engine or parts of the invention. 
• Mental Attributes: Intentions, ideas, or desires related to physical objects (e.g., "intent to improve 

an engine"). 

We will denote these objects as: 

• P for a participant in the dialogue. 
• O for a physical object (e.g., the engine). 
• A for a mental attribute (e.g., an intent to improve the engine). 

An epistemic category models a state of knowledge or perspective of a dialogue participant. It 
contains both the physical objects of interest to a participant and the mental attributes associated with 
those objects. 

For each participant P, an epistemic category EP can be defined as: 

• Objects in EP: These are pairs (O,A), where O is a physical object and A is a mental attribute 
associated with O. 

• Morphisms in EP : These represent transitions between different mental states or perspectives 
regarding the same object or different objects. For instance, a morphism could represent the 
change in a participant’s view about how to improve an engine, or a shift in focus from one part 
of the engine to another. 

An epistemic functor F maps one epistemic category (corresponding to an initial dialogue state) 
to another epistemic category (corresponding to a consecutive dialogue state). This captures the 
evolution of the dialogue, reflecting how a participant's knowledge or intentions change as the 
conversation progresses. 

For each participant P, an epistemic functor F:𝐸௉ଵ→:𝐸௉ଶ  maps: 
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• Objects: (O,A) in : 𝐸௉ଵ  to new objects (O′,A′) in : 𝐸௉ଶ, where O′ and A′ represent updated 
knowledge or intentions about the physical object after some part of the dialogue. 

• Morphisms: Any transition or change in mental state or knowledge about physical objects is 
mapped from one dialogue state to another. 

The category of all epistemic functors consists of all possible functors between epistemic 
categories for each participant across different stages of the dialogue. This can be considered as 
representing the structure of the entire dialogue process. 

Each participant's epistemic functor can be seen as a natural transformation between different 
epistemic categories. Specifically, a natural transformation η:F→G between two functors F, G would 
describe a transformation of dialogue states (and their associated changes in knowledge or mental 
attitudes) that respects the underlying structure of the participants' epistemic categories. 

2.3. Defining Natural Transformation 

A natural transformation is a mapping between two functors. The functors must have the same 
domain and codomain as each other. There is also the naturality square condition that must apply 
for this to be a natural transformation as we shall see below. 

We take an object x in C and we map it into a morphism in D (Figure 7). For every object x in C 
there is a morphism in D (f x→  g x) known as the components of α at x (written αx). 

 

 
Figure 7. Defining natural transformation. 

So now we know what happens to an object in C, we now want to know what happens to 
structure in C, for this we see what happens to a morphism in C. A morphism in C would map to two 
component morphisms in D. This diagram must commute for every morphism in C. So αx is the 
component of the natural transformation at x, and αy is the component of the natural transformation 
at y. For naturality we require that the square in D commutes (Figure 8): 

αy• M = N • αx 

where: M = F m and N = G m 
so: αy• F m = G m • αx 
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Figure 8. Naturality square. 

5. Dialogue Model as Natural Transformation 
The natural transformation formalizes the idea that different paths of reasoning, questioning, 

and discussing in the dialogue are systematically related. A dialogue model can now be viewed as 
a natural transformation between epistemic functors F and G for different participants P. 

For example, if participant P1 and participant P2 are discussing how to improve an engine, and 
they start from different initial states (different epistemic categories 𝐸௉భଵ  and 𝐸௉మଵ  the dialogue serves 
as a natural transformation between the functors 𝐹௉భଵ  and 𝐹௉మଵ , representing the change in their 
perspectives. 

In this model of invention dialogue: 

• Objects represent participants, physical objects, and associated mental attributes. 
• Epistemic categories capture the knowledge and intentions about physical objects for each 

participant. 
• Epistemic functors map changes in knowledge and mental attributes over the course of the 

dialogue. 
• Natural transformations between functors model the relationships between the evolving 

perspectives of different participants. 

This framework allows us to represent a structured, categorical model of a dialogue about an 
invention, where participants' knowledge, ideas, and intentions evolve in response to the 
conversation. 

2.4. Invention as Constrain Satisfaction 

Formulating an invention as a CSP involves defining the problem in terms of variables, domains, 
and constraints. This method provides a structured way to identify and solve the core challenges 
involved in designing an invention. CSP consists of variables (elements of the system that need to be 
determined, domains (the set of possible values for each variable), and constraints (relationships or 
rules that define how the variables interact or limit their values). The goal is to assign values to the 
variables from their domains such that all constraints are satisfied. 

Steps to Formulate an Invention via CSP are as follows: 
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1) Define the problem. Identify the key functional goals and requirements of the invention. Break 
them down into measurable components. For example, if invention is a solar-powered water purifier, 
then the goal is to purify water effectively, operate using solar power, be portable, and affordable. 

2) Identify variables, determining the key design elements that influence the invention. These 
could be physical dimensions, performance characteristics, or system components. For the solar-
powered water purifier, the variables are: 
o Type of purification technology (x1): e.g., UV filtration, reverse osmosis. 
o Solar panel size (x2). 
o Battery capacity (x3). 
o Material type (x4). 
o Weight (x5). 

3) Define domains, specifying the possible values each variable can take. Domains should reflect 
realistic choices or ranges. 
o x1: {UV filtration, reverse osmosis, activated carbon}. 
o x2: {50 cm² to 500 cm²}. 
o x3: {10 Wh to 50 Wh}. 
o x4: {plastic, aluminum, stainless steel}. 
o x5: {1 kg to 5 kg}. 

4)Specify constraints, defining the relationships or rules that must hold between variables. These 
capture the functional requirements and practical limitations of the invention. 
o The solar panel size (x2) must generate enough energy to power the purification system (x1). 
o The battery capacity (x3) must store sufficient energy for nighttime operation. 
o The total weight (x5) must be less than 5 kg to ensure portability. 
o The material (x4) must be non-toxic and corrosion-resistant. 
o The cost of components must not exceed a certain budget. 

5) Solve the CSP using a CSP solver to find values for the variables that satisfy all constraints. 
This step often involves optimization techniques to identify the best solution (e.g., minimize cost, 
maximize efficiency). In our example, the solver might determine: 
o x1: UV filtration, 
o x2: 200 cm² solar panel, 
o x3: 20 Wh battery, 
o x4: plastic, 
o x5: 3 kg. 

2.5. From Categories to Constrain Satisfaction 

From the standpoint of category theory,  constraint propagation can be viewed as morphisms. 
Constraints, variables, and domains are treated as objects in a category. 
Propagation rules (e.g., arc consistency algorithms) are modeled as morphisms that map objects 

(CSP states or variable domains) to other objects. These morphisms encode how constraints reduce 
or refine possible variable assignments. 

A functor is then a mapping between categories that lifts the propagation process to a higher 
level of abstraction. For instance: category 1 represents the CSP problem space (variables, domains, 
and constraints), and category 2 represents transformations or refined solutions (e.g., narrowed 
domains, more consistent variable assignments). The functor maps CSP objects and propagation 
morphisms in one category to another category where propagation has been applied systematically. 

In an abstract CSP solvers, functors could represent the transition from the initial CSP state to a 
refined state after applying propagation algorithms: 
1) Type systems for CSPs: in programming, functors might implement CSP propagation rules 

while preserving type safety and compositionality. 
2) Optimization frameworks: using category theory, a functor could model the search process in 

constraint satisfaction, ensuring it respects certain mathematical properties (e.g., monotonicity 
or consistency). 
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If the reader is familiar with functional programming: A "constraint satisfaction propagation 
functor" could represent something like a monad or applicative functor that applies propagation rules 
to CSP states in a composable way. For instance, a functor might encapsulate the propagation process, 
allowing transformations like propagate : CSP → CSP to be composed while maintaining structure. 

Hence a CSP propagation morphism functor likely refers to a structured, compositional 
framework (inspired by category theory) for modeling constraint satisfaction and propagation. It 
highlights morphisms as transformations (like propagation rules) between CSP states, and functors 
as mappings between categories that abstract the propagation process, enabling compositional and 
reusable algorithms. 

3. Phases of Invention Dialogue 

Invention dialogues share a common structure that drives the discovery process. Here is the 
breakdown of invention dialogue features (Figure 9): 
1) Problem Identification: Each dialogue begins with the recognition of a challenge or limitation 

in the current technology or approach. The characters often express frustration or curiosity about 
an issue that needs solving. 

2) Hypothesis or Idea Introduction: A new idea, hypothesis, or alternative approach is proposed, 
typically by a second character or as part of a collaborative brainstorming process. This is often 
based on an understanding of existing science or technology, suggesting a new path. 

3) Discussion of Feasibility: The characters explore the feasibility of the proposed idea, often 
discussing its theoretical basis, challenges, or how it differs from current methods. There may 
be skepticism or clarification, but the characters ultimately show enthusiasm about testing the 
idea. 

4) Testing or Experimentation: The conversation moves towards a plan for experimentation or 
testing the new idea. The characters outline a basic methodology to see if their theory holds. 

5) Anticipation of Impact: The dialogue ends with excitement or realization of the potential impact 
of their innovation. The characters foresee how their discovery could revolutionize a field or 
solve a significant problem. 
This structure mirrors real-world innovation processes, where problem-solving, hypothesis 

generation, collaborative brainstorming, and practical experimentation lead to groundbreaking 
discoveries. 

In terms of its sequential structure, an invention dialogue includes three phases: 
1) Defining the problem and setting the intent to invent. The process begins with clearly 

articulating the problem at hand. This involves understanding the challenge, identifying the 
constraints, and expressing a deliberate intent to discover a solution. The dialogue here focuses 
on framing the problem, setting objectives, and fostering a mindset geared toward innovation. 

2) Collaborative problem-solving: the invention session. In this phase, the invention process is 
approached as solving a Constraint Satisfaction Problem (CSP). This involves systematically 
exploring potential solutions within the defined constraints, iterating through possibilities, and 
refining ideas. The dialogue revolves around brainstorming, analyzing trade-offs, and 
experimenting with creative strategies to overcome obstacles. 

3) Achieving the invention breakthrough. The final phase is marked by the moment when a viable 
solution emerges, and the CSP is successfully resolved. The dialogue here shifts to celebrating 
the breakthrough, detailing the solution, and reflecting on the journey of discovery. This phase 
also sets the stage for translating the solution into actionable outcomes. 
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Figure 9. Features and sequential structure of invention dialogue. Red frame indicates the components which 
are absent in unsuccessful inventions. 

We visualize CSP as a state machine for jet engine invention dialogue (section 2.1) in Figure 10.  

 
Figure 10. Two actions in the course of invention of a jet engine. The first action is to use continuous combustion 
in confined space, and the second action is to achieve a self-sustain cycle in step 1. 

In category theory, we can define a category of CSPs where: 
• Objects are CSP instances. Each CSP consists of variables, domains, and constraints. 
• Morphisms between CSPs are constraint satisfaction morphisms, which map one CSP to 

another in a structure-preserving way (preserving the relationships defined by the constraints). 
For two CSPs, CSP1 and CSP2,  a morphism f:CSP1→CSP2  might involve: 

• A mapping of variables in CSP1 to variables in CSP2. 
• A mapping of constraints in CSP1 to constraints in CSP2, ensuring that solutions are preserved 

between CSP1 and CSP2. 
A functor is a structure-preserving map between categories. In the context of CSPs, a constraint 

satisfaction morphism functor could map from the category of CSPs (let’s call it C_CSP) to another 
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category D which could be, for example, a category representing solution spaces, sets, or algebraic 
structures). 

Formally, a functor F:C_CSP→D F:  consists of: 
• Object Mapping: For each CSP A in C_CSP, the functor maps A to an object F(A) in D. For 

instance, F(A) might represent the solution space of A as a set. 
• Morphism Mapping: For each morphism f:A→B in C_CSP, the functor maps f to a morphism 

F(f):F(A)→F(B) in D. This morphism should preserve the structure induced by the CSP 
morphism f, meaning it should map solutions of A in a way that respects the constraints in B. 
A few examples help illustrate different uses of constraint satisfaction morphism functors: 

• Solution Space Functor: A functor from CSP to the category of sets Set might map each CSP A 
to the set of its solutions. A morphism between CSPs then maps solution sets, preserving the 
structure of possible assignments that satisfy the constraints. 

• Algebraic CSP Functor: In algebraic CSPs, a functor might map CSPs to algebraic structures, 
such as groups or lattices, where solutions and constraints represent homomorphisms between 
different algebraic structures. This functor would help translate CSP problems into a form 
where algebraic tools can be applied. 

• Graph Representation Functor: If we represent CSPs as graphs where variables are nodes and 
constraints are edges, a functor could map CSPs to graph categories, translating CSP 
morphisms into graph homomorphisms. This allows graph-theoretic techniques to be used to 
analyze and solve CSPs. 
To qualify as a functor, a constraint satisfaction morphism functor must satisfy two properties: 

1) Identity Preservation: The identity morphism in CSP for each CSP A (which maps A to itself) 
must map to an identity morphism in D. 

2) Composition Preservation: For any two composable morphisms f and g in CSP, the functor 
must map the composition g∘fg  to F(g)∘F(f)F(g). 
Constraint satisfaction morphism functors offer a formal way to translate CSP problems into 

other categories where different methods of analysis and solution can be applied. This approach is 
particularly useful in theoretical computer science and artificial intelligence, where many real-world 
problems can be formulated as CSPs, and mapping these problems into different structures can 
provide insights into their solvability, complexity, and solution spaces. 

Invention Failure 

Invention attempts can be successful or unsuccessful. We will now provide prompts and 
examples of successful and unsuccessful invention dialogues on the same topic.  

Prompt: 
Compose a dialogue between two inventors inventing a frame for a backpack to move it on a 

mountain trail. The dialogue starts with problem formulation, followed by a discussion on satisfying 
all invention constraints one by one, and concluding with invention description 

ChatGPT:  
Dialogue: Inventing a Backpack Frame for Mountain Trails 

Inventor 1 (Alex): 

Alright, we’ve got a challenge: how do we design a backpack frame that can make carrying heavy 

loads on a mountain trail easier? Traditional backpacks work, but they put a lot of strain on the back 

and shoulders. 

Inventor 2 (Jordan): 

True. The key problem is balancing the weight efficiently while keeping mobility intact. What are the 

main constraints we need to address? 

Alex: 

Let’s break it down: 

1. Weight distribution — the load needs to be evenly spread to avoid strain. 
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2. Mobility — it must allow smooth movement, especially on uneven trails. 

3. Stability — it should keep the load secure, no swaying or shifting. 

4. Comfort — it needs to be ergonomic, with padding and proper ventilation. 

5. Durability and weight — strong but lightweight materials are essential. 

Jordan: 

Great. For weight distribution, what if we create a frame that shifts the load to the hips instead of 

the shoulders? 

Alex: 

Yes! A rigid external frame that transfers the load to the hips via a padded belt could work. Maybe 

with adjustable straps to fine-tune the center of gravity. 

Jordan: 

Good. But we also need mobility. How do we ensure the wearer can bend, twist, and climb 

comfortably? 

Alex: 

Let’s make the frame articulated at key joints—around the shoulders and lower back—so it can flex 

with the body’s movements, almost like an exoskeleton. 

Jordan: 

Perfect! For stability, how do we keep the load from shifting as they move? 

Alex: 

Compression straps along the sides of the frame. They’ll hold the gear snugly and prevent any 

swaying. Maybe even some stabilizer fins that hug the body without restricting movement. 

Jordan: 

Smart. Now, comfort. What can we do to reduce pressure points and improve ventilation? 

Alex: 

Use mesh panels for airflow, combined with contoured foam padding on the hips and shoulders. 

And adjustable straps everywhere—custom fit is key. 

Invention Description: 

Alex: 

We’ve created a modular backpack frame designed specifically for mountain trails. It features a 

titanium external frame that transfers the load to the hips via a padded, adjustable belt. The frame is 

articulated at key joints, allowing full mobility while maintaining stability… 

 

Prompt: now convert this dialogue into an unsuccessful invention, which run against something 

which cannot be done 

Dialogue: Inventing a Backpack Frame for Mountain Trails (Unsuccessful Attempt) 

Inventor 1 (Alex): 

We’ve got a tough challenge: designing a backpack frame that makes heavy loads easier to carry on 

a mountain trail. Traditional backpacks strain the back and shoulders—there has to be a better way. 

Inventor 2 (Jordan): 

Agreed. Let’s outline the main constraints: 

1. Weight distribution — …. 
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Alex: 

For weight distribution, what if we shift all the load to the legs instead of the shoulders? 

Jordan: 

To the legs? Hmm. Maybe we could create a frame that extends down to the thighs, kind of like an 

exoskeleton, transferring the weight directly to the legs. 

Alex: 

Exactly! The frame could bypass the upper body entirely and connect to some lightweight braces on 

the thighs. No more shoulder or back strain! 

Jordan: 

That sounds revolutionary. But how do we ensure mobility? Wouldn’t braces on the legs restrict 

movement? 

Alex: 

Good point, but we could make them flexible. Maybe they could hinge at the knees and swivel at the 

hips. That way, hikers can still bend and climb easily. 

Jordan: 

Interesting. But now for stability—how do we prevent the frame from shifting while the user moves? 

Alex: 

We could attach the frame tightly to the waist and thighs, with locking mechanisms that adjust to the 

user's leg movements. 

Jordan: 

I see the issue already. If the frame locks with the legs but still needs to move with them, we risk 

either limiting motion or causing chafing. And adding hinges increases complexity and failure points. 

Wouldn’t this frame make the user feel like they’re carrying a rigid cage? 

Alex: 

True, but maybe ultralight materials can fix that. What if we use carbon fiber braces? 
 

Conclusion: Unsuccessful Invention 

Jordan: 

We aimed to develop a frame that shifts weight to the legs, bypassing the back and shoulders, but 

the constraints of mobility, stability, and user fatigue make this approach unworkable. The 

complexity of hinging and locking mechanisms, combined with the increased strain on leg muscles, 

renders the idea both impractical and unsafe. 

4. Constraint Satisfaction for Invention Dialogues 

4.1. Exploration-Exploitation 

The “Exploitation vs. Exploration” discussion is simply a “new” fancy way of referring to a 
problem that is as old as making decisions about efficient resource allocation. It is a name that has 
been borrowed from probability theory, very likely via product management, data science, and 
financial services circles. (Rocca 2021) provides a comprehensive definition for both: 
1) Exploitation consists of taking the decision assumed to be optimal with respect to the data 

observed so far. This safe approach tries to avoid bad decisions as much as possible but also 
prevents from discovering potential better decisions. 
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2) Exploration consists of not taking the decision that seems to be optimal, betting on the fact that 
observed data are not sufficient to truly identify the best option. This more risky approach can 
sometimes lead to poor decisions but also makes it possible to discover better ones, if there 
exist any. 
The problem of choosing between exploitation and exploration can be encountered in many 

situations where observations drive decisions and decisions lead to new observations. 
The idea of a constraint satisfaction exploration-exploitation functor combines concepts from 

constraint satisfaction, exploration-exploitation trade-offs (common in optimization and 
reinforcement learning), and category theory. In this framework, we aim to map CSPs to strategies 
for balancing exploration and exploitation in solution spaces. Such a functor would formalize the 
relationship between CSP structures and the decision-making process for exploring new solutions 
versus exploiting known good ones. 

Exploration CSP refers to searching or navigating through the solution space of a CSP to discover 
possible solutions. It is often associated with techniques like brute-force search, backtracking, or random 
sampling, where the focus is on exploring the entire or a large part of the solution space without 
necessarily favoring the best solutions. Searching through less-visited regions of the solution space 
to discover new solutions. In CSPs, this might involve testing variable assignments that have not been 
thoroughly examined, even if they have uncertain outcomes 

Exploitation CSP refers to using prior knowledge or feedback to focus on the most promising 
areas of the solution space. This is often associated with more targeted search methods like hill-
climbing, simulated annealing, or greedy algorithms, where the search is steered toward areas that are 
expected to yield good solutions based on past performance. Focusing on promising regions of the 
solution space that are known to produce feasible or optimal solutions, refining known assignments 
to maximize satisfaction or optimize a criterion. 

CSP consists of variables with domains, constraints that restrict combinations of variable values, 
solutions are assignments of values to variables that satisfy all constraints. Categories of CSPs are as 
follows: 
1) Objects are CSPs, each representing a different problem instance. 
2) Morphisms are mappings between CSPs that preserve constraint structures, as in typical CSP 

morphisms. These could translate to transformations between problem instances where similar 
solutions or solving techniques can apply. 
An exploration-exploitation functor is a mapping from the category of CSPs to a category of decision 

processes or strategies that captures both exploration and exploitation strategies for solving CSPs. 
Formally, a functor F:CSP→Strategy would map each CSP instance A to an object F(A) in a category 
Strategy, where F(A) represents a specific strategy or decision-making process for solving A using 
exploration-exploitation techniques. Similarly, a CSP morphism f:A→B maps to a morphism 
F(f):F(A)→F(B) in Strategy, which translates strategies between CSPs. 

Components of the Exploration-Exploitation Functor are: 
1) Object Mapping: For each CSP AAA, the functor maps it to a specific exploration-exploitation 

strategy F(A) in Strategy. For example, F(A) could represent a probabilistic strategy that starts 
by exploring a broad range of assignments, then shifts toward exploitation as high-satisfaction 
solutions are identified. 

2) Morphism Mapping: For each morphism f:A→B between CSPs, F(f) translates an exploration-
exploitation strategy for A into a compatible strategy for B. This morphism mapping might 
involve adjustments in the balance between exploration and exploitation, based on similarities 
in the structure of A and B. For example, if B is known to be a stricter version of A, F(f) might 
favor exploitation strategies focused on tightening known solutions. 
Example Scenarios for the Exploration-Exploitation Functor are: 

1) Adaptive CSP Solvers: Suppose strategy Strategy represents a category of CSP solvers that 
adaptively balance exploration and exploitation. Given a CSP instance A, the exploration-
exploitation functor could map it to a solver that initially explores diverse variable 
assignments to cover the search space and gradually converges on refined solutions. 
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2) Probabilistic Solution Methods: If Strategy includes probabilistic strategies, such as simulated 
annealing or genetic algorithms, the functor could map CSPs to such methods, tuning 
exploration and exploitation parameters based on the problem’s complexity and constraint 
density. A morphism between CSPs could adjust these parameters to reflect the nature of 
constraints in the target problem. 

3) Transfer Learning for CSPs: In machine learning contexts, this functor could formalize a 
transfer-learning approach for CSPs by mapping a known strategy for a source CSP A to a new 
CSP B. For instance, if A and B share structural similarities, F(f) could favor exploitation based 
on known solutions from A when applied to B, reducing redundant exploration. 
The exploration-exploitation functor is useful for building generalized, adaptable solvers for 

CSPs. By formalizing strategies that dynamically balance exploration and exploitation, this functor 
can improve efficiency in finding solutions, especially for large or complex CSPs, enable the reuse of 
problem-solving strategies across related CSPs, and guide automated reasoning about when to 
explore new solutions versus refining known ones. 

Hence, an exploration-exploitation functor in the context of CSPs leverages category theory to 
formalize a decision-making strategy for balancing between discovering new solutions and 
optimizing known ones, enabling more efficient and adaptive approaches to solving constraint 
satisfaction problems. 

4.2. Functors Representing Exploration and Exploitation 

A functor from the category of CSPs to another category can model different types of exploration 
and exploitation strategies, each representing a different way of mapping a CSP into another 
structure, possibly with the aim of solving it. 

Our first example is Exploration functor for Random Walks. In this case, we might define a 
functor that models an exploration strategy through random walks or stochastic search techniques. 
1) Category: {CSP}(category of CSPs) → {Graph}(category of graphs). 
2) Object Mapping: Each CSP is mapped to a search tree or state space graph. Each variable in the 

CSP corresponds to a node, and the constraints define the edges between nodes (possible 
assignments to variables that respect constraints). 

3) Morphisms: A CSP morphism f between two CSPs is mapped to a graph traversal or a random 
walk between the two graphs, where the search space is explored non-deterministically. 
In this setting, the functor represents an exploration strategy where the solution space is 

explored via random decisions, and each step in the exploration corresponds to a state transition in 
the graph. 

In Exploitation Functor - Greedy Algorithm, a functor could represent an exploitation strategy, 
like a greedy algorithm, where the CSP is mapped to a solution space that is explored in a way that 
always seeks the most optimal solution at each step: 
1) Category:  {CSP} → {Set} (category of sets, where solutions are considered as sets). 
2) Object Mapping: Each CSP is mapped to the set of variables and their domains, along with the 

partial assignments that are currently being considered. A CSP might be translated into a set of 
possible configurations or partial assignments, from which the best configuration is chosen at 
each step. 

3) Morphisms: A morphism f between two CSPs might be mapped to a greedy selection function, 
which maps partial assignments or variable assignments to the most promising candidates 
according to some evaluation function (such as minimizing conflicts or cost). 
In this case, the functor corresponds to an exploitation strategy where the solver chooses the 

"best" solution at each step based on the evaluation function, focusing the search on high-value areas 
of the solution space. 

We proceed to an example of Exploration-Exploitation Balance Functor - Multi-Armed Bandit. 
A more sophisticated functor could model the balance between exploration and exploitation, much 
like in the multi-armed bandit problem from reinforcement learning. The Multi-Armed Bandit 
problem is a classic problem in probability theory and decision-making that captures the essence of 
balancing exploration and exploitation. This problem is named after the scenario of a gambler facing 
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multiple slot machines (bandits) and needing to determine which machine to play to maximize their 
rewards. The problem has significant applications in various fields, including online advertising, 
clinical trials, adaptive routing in networks, and more. The goal is to explore new strategies (new 
parts of the solution space) while also exploiting known strategies that have worked well in the past. 
1) Category: {CSP} → {Probabilistic}(category of probabilistic processes, e.g., Markov decision 

processes or reinforcement learning environments). 
2) Object Mapping: Each CSP is mapped to a probabilistic model of solutions, where each possible 

solution or partial solution is associated with a probability or expected value. The CSP is seen 
as a decision problem where different solution paths are taken probabilistically, with some 
paths explored more thoroughly and others based on previous experience. 

3) Morphisms: A morphism f between two CSPs could be represented as a probabilistic policy 
that decides whether to explore (search in a new area) or exploit (focus on previously 
successful solutions), potentially adjusting the balance over time. 
In this case, the functor represents a strategy that adapts to the problem by both exploring new 

solutions and exploiting promising solutions from previous experience. This is similar to how 
algorithms like ε-greedy or Upper Confidence Bound work in the context of the multi-armed bandit 
problem. 

Applications in CSP Solvers include Exploration-Exploitation Functors in Search Algorithm. 
These functors are useful in CSP solvers that combine global search (exploration) with local search 
(exploitation). For instance, algorithms like Genetic Algorithms or Simulated Annealing may explore the 
search space randomly at first (exploration) and then focus the search in promising regions as it 
converges to a solution (exploitation). A functor can formalize this shifting behavior within a 
category-theoretic framework.  

Also, they can be applied to AI and Reinforcement Learning. In AI, especially reinforcement 
learning, exploration-exploitation trade-offs are crucial. Functors can model how an agent explores 
different solutions to a CSP and then exploits the best solutions as it gains more experience or 
feedback from previous actions. 

In the context of CSPs, functors modeling exploration and exploitation strategies offer a way to 
formalize how CSP solvers navigate the solution space. Functors can map CSPs to different categories 
representing various search strategies (e.g., random walks for exploration, greedy algorithms for 
exploitation), and by doing so, they provide a structured framework for understanding the 
relationship between problem-solving techniques and their theoretical foundations. 

4.3. Hypergraph Representation for CSP 

A crossword can be viewed as a partial case of invention. In the course of a dialogue, participants 
suggest solution words which might fit the crossword instantly, but rejected later, never fit or fit and 
remain. A crossword puzzle can be formulated as a CSP and then be represented as hypertree 
decomposition. 

Figure 11 shows a combinatorial crossword puzzle. A set of English words is associated with 
each horizontal or vertical array of white boxes separated by black boxes. A successful solution to the 
puzzle problem, which we view as an invention, is an assignment of a character to each white box 
such that to each white array is assigned a word from its set of English words. This problem can be 
reduced to a CSP by assigning a CSP variable to each white box, and by defining a constraint for each 
array of white boxes prescribing the existing English words that are mapped into it. 
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Figure 11. Crossword puzzle and its associated hypergraph (on the top). A hypertree decomposition (on the 
bottom). 

Solving a crossword in the course of a dialogue can be viewed as an invention process. A 
combinatorial crossword puzzle is a typical CSP (Dechter 1992). A set of legal words is associated to 
each horizontal or vertical array of white boxes delimited by black boxes. A solution to the puzzle is 
an assignment of a letter to each white box such that to each white array is assigned a word from its 
set of legal words. This problem is represented as follows. 

There is a variable Xi for each white box, and a constraint C for each array D of white boxes. (For 
simplicity, we just write the index i for variable Xi.) The scope of C is the list of variables 
corresponding to the white boxes of the sequence D; the relation of C contains the legal words for D.  

Structural decomposition methods are considered in (Gottlob et al 2000), which identify tractable 
classes by exploiting the structure of constraint scopes as it can be formalized as a hypergraph whose 
nodes correspond to the variables and where each group of variables occurring in some constraint 
induce a hyperedge. A hypergraph can be defined as a generalization of a graph where edges, called 
hyperedges, can connect any number of nodes, not just two. Structural methods based on the notions 
of generalized hypertree width and treewidth turn out to be efficient (Robertson and Seymour 1984). 
Gottlob et al (2012) suggests a primal graph representation, where nodes correspond to variables and 
an edge between two variables indicates that they are related by some constraint. 
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The underlying idea is that solutions to CSP instances that are associated with acyclic (or nearly-
acyclic) structures can efficiently be computed via dynamic programming, by incrementally 
processing the structure according to some of its topological orderings. 

An instance of a constraint satisfaction problem for an invention is a triple I = <Var,U,C> , where 
Var is a finite set of variables, U is a finite domain of values, and C = {C1,C2,...,Cq} is a finite set of 
constraints. Each constraint Cv, for 1 ≤ v ≤ q, is a pair (Sv,rv), where Sv ⊆ Var is a set of variables called 
the invention scope, and rv is a set of substitutions (also called tuples) from variables in Sv to values 
in U indicating the allowed combinations of simultaneous values for the variables in Sv. Any 
substitution from a set of variables V ⊆ Var to U is extensively denoted as the set of pairs of the form 
X/u, where u ∈ U is the value to which X ∈ V is mapped. Then, a solution to I is a substitution θ: Var 
→ U for which q-tuples tq ∈ r1,...,t1 ∈ rq exist such that θ = t1 ∪ ... ∪ tq. 

We now proceed to the example of representation for invention entities H (Figures 12 and 13). 
In the hypergraph H shown on the left , which is associated with a CSP formulation for an invention 
problem over the set of variables {A,B...}. A few constraints are defined over the instance whose 
scopes precisely correspond to the hyperedges in E(H); for instance, {A,B,C} is an example of 
constraint scope. H is acyclic: a join tree JT(H) for it is depicted on the right. 

 

Figure 12. A hypergraph H for invention entities, and a join tree JT(H). 

 

Figure 13. The primal graph for invention entities G(H), and the incidence graph for them inc(H). 

The structure of a CSP instance I is best represented by its associated hypergraph H(I) = (V,H), 
where V = Var and H = {S | (S,r) ∈ C}. A hypergraph H is acyclic iff it has a join tree.  A join tree is a 
tree structure that captures relationships between hyperedges in the hypergraph. For a hypergraph 
H to be acyclic, it must have a join tree satisfying the running intersection property: For any two 
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hyperedges connected through a path in the join tree, their intersection (shared variables) must also 
appear in all hyperedges along that path. 

This ensures that constraints can be processed in a tree-like order, simplifying constraint      
propagation and search algorithms. A join tree imposes an order where constraints can be checked 
locally while ensuring global consistency through propagation. Since trees have no cycles, processing 
constraints in this order avoids revisiting variables unnecessarily. The existence of a join tree 
guarantees that the CSP can be solved using polynomial-time algorithms such as tree decomposition 
or join-tree clustering. 

A join tree JT(H) for a hypergraph H is a tree whose vertices are the hyperedges of H such that, 
whenever the same node X ∈ V occurs in two hyperedges h1 and h2 of H, then X occurs in each vertex 
on the unique path linking h1 and h2 in JT(H) (Figure 13). The notion of acyclicity we use here is the 
most general one known in the literature, coinciding with α-acyclicity. α-acyclicity is a concept 
introduced by Fagin(1983), related to hypergraphs and database theory. It extends the notion of 
acyclicity to hypergraphs, which are widely used in CSPs and relational databases. 

4.4. Hypergraph Solvers 

Once a CSP problem is expressed as a finite set of constraints, the goal is to find the variables' 
values satisfying them. Even though the problem is in general NP-complete, there are some 
approximation and ractical techniques to tackle its intractability. One of the most widely used 
techniques is the Constraint Propagation. It consists in explicitly excluding values or combination of 
values for some variables whenever they make a given subset of constraints unsatisfied. Oucheikh et 
al (2019) define a CSP subclass called 4-CSP whose constraint network infers relations of the 
form: {x∼α, x−y∼β, (x−y)−(z−t)∼λ}, where x, y, z, and t are real variables, α,β and λ are real constants 
and ∼∈{≤,≥}. The authors provide a graph-based proofs of the 4-CSP tractability and elaborates 
algorithms for 4-CSP resolution based on the positive linear dependence theory, the hypergraph 
closure and the constraint propagation technique. Time and space complexities of the resolution 
algorithms are proved to be polynomial. 

The invention process in the form of Four Phase Handshake Protocol (Blunno et al 2004) 
depicted in Figure 14 on the bottom. This protocol uses two clocks x1, x2, two parameters minIO, 
maxIO, and the following constraints: x1 < maxIO, x1 > inIO, x2 < maxIO, x2 > inIO, and x1 – x2 ≤ maxIO 
− minIO. Implementing the protocol can be reduced to its 4-CSP equivalent. 

The de-synchronization model presented in this section aims at the substitution of the global 
clock by a set of asynchronous controllers that guarantee an equivalent behavior. The model assumes 
that the circuit has combinational blocks (CL) and registers implemented with D flip-flops (FF), all of 
them working with the same clock edge (e.g. rising in Figure 14). The de-synchronization method 
proceeds in three steps:  
1) Conversion of the flip-flop-based synchronous circuit into a latch-based one (M and S latches). 

D-flip-flops are conceptually composed of master-slave latches.  
2) Generation of matched delays for the combinational logic (denoted by rounded rectangles). 

Each matched delay must be greater than or equal to the delay of the critical path of the 
corresponding combinational block. Each matched delay serves as a completion detector for 
the corresponding combinational block.  

3) Implementation of the local controllers.  
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Figure 14. Inventing a de-synchronized circuit (in the middle) given the synchronous circuit. The handshake 
protocol is shown on the bottom. 

Structural decomposition methods, as developed by Greco and Scarcello (2016), are designed to 
identify tractable classes of Constraint Satisfaction Problems (CSPs) by leveraging the hypergraph 
structure of problem instances. These methods transform cyclic hypergraphs into acyclic ones by 
grouping their edges (or nodes) into a polynomial number of clusters and arranging these clusters 
into a hierarchical structure known as a decomposition tree. Using this decomposition tree—or 
simply knowing that such a tree exists—enables the problem instance to be solved in polynomial 
time. 

Inventions can also be modeled as conjunctive queries, where evaluating these queries is 
generally NP-hard. However, it becomes computationally feasible in polynomial time for the class of 
acyclic queries (Q). Each query Q is associated with an acyclic query hypergraph HQ, where the 
nodes represent the variables of Q and the hyperedges correspond to the sets of variables occurring 
in its atoms. 

To handle cyclic hypergraphs, methods exist to transform them into acyclic ones. This 
transformation involves grouping edges (or nodes) into polynomially bounded clusters and 
arranging them into a decomposition tree. The original problem can then be evaluated by processing 
the subproblems represented in this tree. The computational cost depends on the width of the 
decomposition, which is the size of the largest cluster. The process is polynomial if this width is 
bounded by a constant and exponential otherwise. 
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The notion tree projection is an efficient decomposition method, where a query Q is given 
together with a set V of atoms, called views, which are defined over the variables in Q (Greco and 
Scarcello 2016). The question is whether (parts of) the views can be arranged as to form a tree 
projection (playing the role of a decomposition tree), i.e., a novel acyclic query that still subsumes Q. 
By representing Q and V via the hypergraphs HQ and HV, where hyperedges one-to-one correspond 
with query atoms and views, respectively, the tree projection problem reveals its graph-theoretic 
nature. For a pair of hypergraphs H1, H2, let H1 ≤ H2 denote that each hyperedge of H1 is contained in 
some hyperedge of H2. Then, a tree projection of HQ w.r.t. HV is any acyclic hypergraph Ha such that 
HQ ≤ Ha ≤ HV . If such a hypergraph exists, then we say that the pair of hypergraphs (HQ, HV) has a tree 
projection (Figure 15). 

 

Figure 15. A tree projection Ha of 𝐻ொబQ0 w.r.t. 𝐻௏బ  for entities of an invention A, B, …. On the right: the join tree 
JTa. 

4.5. Game-Theoretic Interpretation of Invention Dialogues 

The invention proponent and opponent dialogue game is played on a pair of hypergraphs (H1, 
H2) by two main agents (proponent and opponent) where the proponent controlling her servant 
agents, in charge of the “surveillance” of a number of strategic invention possibilities. The objective 
for the proponent of this invention is to catch any possibility of invention failure, expressed by the 
opponent. 

The dialogue is driven by the moves of the proponent with her agents and of the opponent. The 
opponent stands on a node and can run at great speed along the edges of H1. However, she is not 
permitted to run through a node that is controlled by a servant agent. Each move of the proponent 
involves one squad of service agents, which is encoded as a hyperedge h ∈ edges(H2). The proponent 
may ask some agents in the squad h to run in action, as long as they occupy nodes that are currently 
reachable by the opponent, thereby blocking an escape path for the opponent. Thus, “second-lines” 
agent cannot be activated by the invention proponent. Note that the invention opponent is fast and 
may see agent that are entering in action. Therefore, while agents move, the opponent may run 
through those positions that are left by agents or not yet occupied. The goal of the proponent is to 
place an agent on the node occupied by the opponent, while the robber tries to avoid her/his capture 
in the form of finding a flaw in this invention (Figure 16). 
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Figure 16. A proponent, her agents and their opponent. 

This setting follows the Robber and Captain game (Bonato and Nowakowski 2010) which is a 
combinatorial game used to analyze CSPs through their hypergraph structures. It is particularly 
useful for studying treewidth, hypertree decompositions, and the tractability of CSP instances.  The 
minimum number of proponent’s agents required to block the opponent directly relates to the 
treewidth (or hypertree width) of the graph. Treewidth ≤ k if k + 1 agents can capture the opponent. 
This property determines whether the CSP can be solved efficiently in polynomial time. CSP 
instances with low treewidth are computationally tractable because they can be decomposed into 
tree-like structures (e.g., decomposition trees). Higher treewidth values indicate cyclic dependencies, 
making the problem potentially NP-hard. 

5. Evaluation 

5.1. Evaluation Domains 

We experiment with a broad range of domains where inventions are made (Table 1). 

Table 1. Domains for which invention dialogues  are built. 

Domain  Potential Inventions  
Healthcare  AI-Driven Diagnostics, Personalized Medicine, Organ 

Bioprinting, Wearable Health Monitors 

 Gene Editing Tools, Regenerative Medicine, Telemedicine 
Platforms, Nano-Robotics 

 Mental Health Tech, Anti-Microbial Resistance 
Solutions 

 

Engineering Self-Healing Materials, Green Energy Solutions, Smart 
Infrastructure, Quantum Computing Hardware 
Autonomous Transportation, Space Exploration Tech, 
Hydrogen Fuel Cells 
Carbon Capture Technology, Robotic Construction, 
Advanced Alloys and Composites 
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Communication 
& Computing 

5G and Beyond, Quantum Communication, Brain-
Computer Interfaces (BCIs), Holographic Displays 

 Satellite-Based Internet, AI-Powered Language 
Translation, Blockchain Security Solutions 

 Metaverse Platforms, Edge Computing Devices, 
Neural Networks 

 

Agriculture Smart Irrigation, Drought-Resistant Crops, Vertical 
Farming, Soil-less Cultivation 

Energy Nuclear Fusion Reactors, Superconductors for Energy 
Efficiency 

Environment Plastic-Eating Bacteria, Ocean-Cleaning Technologies 
Education AI-Driven Personalized Learning, Immersive AR/VR 

Educational Experiences 
Security and 
Defense 

Autonomous Defense Drones, Cybersecurity Advances in 
AI Threat Detection 

Transportation Hyperloop Systems, Electric Vertical Takeoff and Landing 
(eVTOL) Vehicles 

5.2. CSP Tools 

We suggest AI Space CSP tool (O’Neil et al 2024) to solve CSP in a consistency-based manner 
arising in invention dialogue. Tutorials include creating a CSP , giving information about how to 
create a new CSP from scratch, loading a preexisting CSP, covering how to load one of the ready-
made CSPs and giving a brief description of each of them. Moreover, there is solving a CSP tutorial 
that covers how to solve a CSP, and includes domain splitting and backtracking. 

CSP solvers find solutions to CSPs, where the most complex algorithms build on simpler ones; 
but a common thread throughout all CSP solvers is that they iteratively check potential solutions or 
partial solutions against the constraints. Wong at al (2024) build recursive backtracking and forward 
checking algorithms for CSPs. In recursive backtracking, progressive partial solutions are recursively 
explored, with backtracking occurring when there is no possibly path forward due to the constraints.  

A pseudocode for the backtracking algorithm to solve invention dialogues is shown below for 
the case of a grid of entities forming an invention: 

function backtrack(grid, col): 

  for 1 <= i <= row.length: 

    Add a new invention entity at (row, column) = (i, col) 

    Check constraints 

    if constraints fail: 

      if i == row.length: 

        Return false;//could not find a solution for this column 

      Keep going 

    else: 

      backtrack(grid, col + 1) 

Another way of solving a CSP is to use the method of forward checking. In forward checking, 
the possibilities for each node in the graph (in this case, for each state) are tracked.  
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We compare default prompt for dialogue construction with category theory based, where 
categorial model is enforced. One terminates a search path if there are no legal values possible for the 
node being considered. 

function forwardCheck(map): 

  for each entities in map:  

     entities.optionsSet = list of all invention entities(…); 

  forwardCheckPartner({}, map); 

 

function forwardCheckPartner(labelAssignment, CSP): 

  if all entities have labels: 

    return labelAssignment 

  select randomly assigned state from CSP 

  for each entity in entities.optionsSet: 

    if entity is not the same as any terminal label entity 

      add entity and label to labelAssignment 

      for each terminalLabel:  

        remove option from terminalLabel.optionSet 

      forwardCheckPartner(labelAssignment, CSP) 

      if labelAssingment works:  

        return labelAssignment 

      remove entity and label from labelAssignment 

      for each terminalLabel: 

        add option to terminalLable.optionSet 

  return failure 

An Arc Consistency CSP Solver is an algorithm designed to enforce arc consistency in CSPs. It 
focuses on reducing the domain of variables by eliminating values that cannot satisfy the binary 
constraints between pairs of variables, ensuring that every remaining value is consistent with the 
constraints. Arc Consistency includes: 

• A binary constraint between two variables X and Y forms an arc denoted as (X,Y). 
• A variable X is arc consistent with Y if, for every value in DX (domain of X), there exists at least 

one value in DY such that the constraint between X and Y is satisfied. 
• If no such value exists, the inconsistent value is removed from DX . 

The algorithm processes the CSP by iteratively checking and enforcing arc consistency. The most 
common algorithm start with a queue containing all arcs(X,Y). 

1. Process Arcs: 

o Remove an arc (X,Y) from the queue. 
o Check each value in DX . 
o Remove values in DX that do not satisfy the constraint with any value in DY . 

2. Update Queue: 

o If values are removed from DX, add all arcs (Z,X) back to the queue (where Z is a neighbor 
of X). 

3. Repeat Until Queue is Empty: 

o Continue until no further updates can be made. 
Output is a reduced domain for variables, ensuring consistency. The CSP might still need 

backtracking search if no full assignment is possible. 
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5.3. CSP-Based Dialogue Construction 

We evaluate a direct construction vs CSP-supported construction of an invention dialogue, as 
well as the contribution of our categorial model. Human experts evaluate the correctness of inventive 
dialogues constructed by ChatGPT with different prompts: 
1) Construct an inventive dialogue for <device> 
2) Construct the inventive dialogue for <device> where components include <components in 

section ..> where entities obey constraints from <section …> and categorial constraints from 
section …> are satisfied 

3) Construct the CSP expressed by a logic program and an invention dialogue based on this 
resolved CSP where entities obey constraints (2). Then resolve the constructed CSP by a CSP 
solver from section 5.2 and use ChatGPT to verify the consistency, given the resolved CSP. 
The consistency and correctness results for these three scenarios are shown in Table 2. We used 

100 devices from the list of domains in section 5.1. 

Table 2. Consistency and correctness of invention dialogues constructed by ChatGPT with various prompts, 
%. 

Domain / dialogue 
construction method 

Direct 
construction 
by LLM 

LLM + 
Category-
based  

LLM+CSP 
solver 

Healthcare 82.3 84.7 91.3 
Engineering 79.9 83.2 89.1 
Communication & 
Computing 

86.2 89.0 93.4 

Agriculture 84.5 88.2 94 
Energy 83 87.4 91.5 
Environment 82.1 85.8 89.7 
Education 84.8 87.5 93.1 
Security and Defense 80.6 83 89.4 
Transportation 82.5 86.7 91.9 
Average 82.87 86.17 91.49 

We observe a systematic improvement in generated invention dialogues once we add the 
dialogue model (column 3) and then explicit CSP resolution (column 4). These improvements are 
3.3% and 5.3% respectively, confirming the importance of CSP solver in a specific sense and a logical 
reasoning companion in a broader sense for improving LLM results.  

5.4. Pedagogical Value 

We assess the pedagogical value of representing invention in the form of dialogue. We assess 
the following features of dialogue-based inventions vs plain text or math-based exploration of new 
topics. 

We compare conventional format of learning plain text + supportive media versus inventive 
dialogue format + supportive media. As inventive dialogues encourage step-by-step learning of a 
concept being invented, it is expected to help students memorize all required intermediate concepts 
that led to invention (column 2). Evaluation questions are focused on sequences of involved concepts. 

Inventive dialogues also promote critical thinking. Dialogues introduce contrasting viewpoints, 
pushing learners to evaluate and synthesize ideas (column 3).  Moreover, they encourage learners 
to think hypothetically: how an invention might impact society or solve specific problems (column 
4). Evaluation questions are focused on societal impact. 
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There is a memorizing impact on learners: dialogues mimic storytelling, which is easier to 
remember than abstract descriptions. Also, learners are emotionally invested in character 
interactions, improving memory retention (column 5). Evaluation questions are focused on details of 
inventions, specific details of a concept. 

We evaluate the quality of acquired knowledge by asking students to answer questions about 
the topic unrelated to inventive dialogue but important for understanding the phenomenon being 
learned. These questions are automatically generated from textbooks (and not from dialogue texts), 
relying on simple question generation prompts. 

In Table 3 we assess an improvement or decline in measured knowledge and skills by student 
in the specific knowledge domain, as estimated by answering questions. The value in each cell is a 
proportion of questions correctly answered by a student trained by inventive dialogue relative to the 
ones trained by traditional textbooks. For this evaluation task, six students used 234 text – invention 
dialogue pairs to learn from and attempt to answer questions. All invention dialogues and questions 
were generated by ChatGPT. An assessment of correct/incorrect answers to questions was conducted 
by ChatGPT as well. 

Table 3. Assessment of pedagogical value of invention dialogues. 

Domain/kind of 

knowledge 

Step-by-

step 

learning of 

a concept 

Contrasting 

viewpoints 

Thinking 

hypothetically 

Specific 

details of 

a concept 

 

Average 

per 

domain 

Healthcare 1.08 

 
1.17 1.06 1.05 1.09 

Engineering 1.11 0.95 1.18 0.98 1.06 

Communication & 

Computing 
1.13 1.07 0.99 1.08 1.07 

Average per kind of 

knowledge  1.11 1.06 1.08 1.04  
One can observe that the best impact of learning from invention dialogues is made in case of 

Step-by-step learning of a concept, followed by Thinking hypothetically.  In Healthcare domain the value 
of learning from invention dialogues is greatest, followed by Communication & Computing. Whereas 
in some domain and kinds of knowledge invention dialogues can deteriorate learning outcomes, the 
overall assessment show the improved learning efficiency. 

5.5. Manual Construction of Invention Dialogues 

We proceed to an assessment task on manual construction of invention dialogues, based on a 
description of a phenomenon in health, engineering or computing. Dialogues manually constructed 
by students from the previous evaluation settings for the same topics. The dialogues written by 
students were compared with the above 234 invention dialogues. We count the portion of invention 
dialogues written as well as ChatGPT with respect to consistency, originality, and plausibility in 
Table 4. 

Table 4. Quality of invention dialogue constructed by students (%). 

Domain/invention 

dialogue quality 

criterion 

Consistency Originality Plausibility Average per domain  
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Healthcare 68.4 74.5 81.3 74.7 

Engineering 73.0 78.9 76.3 76.1 

Communication & 

Computing 
65.3 71.0 73.7 70.0 

Average per 

quality feature 
68.9 74.8 77.1  

We conclude from this evaluation that once the students learn new technical achievements from 
hypothetical invention dialogues and answer questions about what they have learned, they can 
successfully construct such invention dialogues in about  ¾ of cases. Plausibility turns out to be most 
successfully achieved feature, followed by originality and then  consistency. 

6. Discussions and Conclusions 

In conclusion, we share a hypothetical dialogue between Thomas Edison and his collaborators. 
Thomas Edison, renowned for his prolific inventions, often collaborated with a team of skilled 

assistants and co-inventors. While direct transcripts of their dialogues are scarce, historical accounts 
provide insights into their collaborative processes (Figure 17). 

Charles Batchelor, a British engineer, was one of Edison's closest associates. Their partnership 
was instrumental in developing the incandescent light bulb. Batchelor's technical expertise 
complemented Edison's inventive vision. Their interactions likely involved detailed discussions on 
filament materials, vacuum techniques, and design improvements. 

Francis Upton, a mathematician and physicist, joined Edison's team to work on the electric light 
and power system. Upton's analytical skills were crucial in solving complex problems related to 
electrical distribution. Their conversations would have encompassed mathematical analyses, 
experimental results, and system optimization strategies. 

 

Figure 17. A triple of co-inventors. 

Edison's Menlo Park laboratory was a hub of innovation, housing a diverse team of talented 
individuals. The collaborative environment fostered open communication, brainstorming sessions, 
and collective problem-solving. While specific dialogues are undocumented, the team's synergy was 
evident in the rapid development of groundbreaking technologies. 

Edison was known for his hands-on approach and often engaged in direct communication with 
his team. He encouraged experimentation and valued practical results. His leadership likely involved 
motivational discussions, critical evaluations of ideas, and guidance on experimental methodologies.  
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Although verbatim records of Edison's dialogues with his co-inventors are limited, the 
collaborative essence of their interactions is well-documented. Their collective efforts led to 
innovations that have profoundly impacted modern society. Edison's approach—blending invention, 
entrepreneurship, and aggressive marketing—set a model for modern inventors and tech 
entrepreneurs. His success illustrates the importance of securing funding, demonstrating commercial 
value, and building networks to transform ideas into profitable ventures (Figure 18). 

Several studies on converting text into dialogue format preceded the development of invention 
dialogue systems. Galitsky et al. (2019) introduced a chatbot capable of delivering content as virtual 
dialogues, which are automatically generated from plain texts extracted and selected from 
documents. These virtual dialogues consist of answers derived from identified and segmented 
document fragments, paired with questions that are automatically generated based on the initial text. 
Building on this approach, Galitsky (2021) proposed the Doc2Dialogue algorithm, which transforms 
paragraphs of text into hypothetical dialogues by analyzing their discourse trees. This method 
enables a significant expansion of chatbot training datasets across diverse domains. 

Another method for building dialogues involves detecting rhetorical agreement between texts 
(Galitsky, 2022). This approach utilizes a rhetorical agreement application that processes a multi-part 
initial query based on the topic of the intended dialogue. It generates a question communicative 
discourse tree, which represents the rhetorical relationships between fragments of the query. The 
algorithm then identifies a sub-discourse tree within the question communicative discourse tree. 
Next, the algorithm generates a candidate answer communicative discourse tree for each potential 
answer in each set. It evaluates the level of complementarity between the sub-discourse tree and each 
candidate answer discourse tree by applying a classification model to both structures. Based on the 
computed complementarity, the application selects the most appropriate answer from the candidates, 
thereby constructing a dialogue structure for an interactive session. 

 

Figure 18. Financing an invention. 

An invention can streamline bureaucracy by automating repetitive tasks, improving data 
management, and enhancing communication systems, thereby reducing paperwork, delays, and 
human errors (Galitsky 2021). Technologies such as workflow automation software, artificial 
intelligence-driven decision-making tools, and digital document management systems can simplify 
processes like approvals, record-keeping, and compliance monitoring. By enabling faster processing, 
better tracking, and secure storage of information, inventions can increase transparency, 
accountability, and efficiency within bureaucratic systems, ultimately saving time and resources 
while improving public service delivery (Figure 19). 
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Figure 19. Inventions can fight bureaucracy. 

Galitsky (2025) investigates CSP for scheduling and resource allocation in healthcare 
environments. The study begins with fundamental scheduling tasks for nurses and physicians and 
gradually addresses more complex scenarios where single-shot solutions prove inadequate. The 
author further examines the role of LLMs in facilitating schedule construction by converting natural 
language constraints into formats compatible with CSP algorithms. The chapter concludes with an 
in-depth analysis of temporal CSP techniques. 

In a common dialogue, such as customer support or patient-doctor, the dialogue structure can 
be pre-defined by the initial conversation and problem formulation (Galitsky 2022). This dialogue 
structure is encoded in the form of discourse tree, a means to represent an overall high level logical 
organization of a dialogue. Such a dialogue structure determinism can also hold for an invention 
dialogue, where problem formulation  may suffice for the CSP resolution scenario and the whole 
dialogue structure is determined by problem formulation utterances. 

Mahadevan (2022) presents a unified formalism for structure discovery of causal models such 
as invention dialogues (caused by initial dialogue utterances) and predictive state representation 
models in reinforcement learning using higher-order category theory. The author describes structure 
discovery in both settings using simplicial objects, contravariant functors from the category of ordinal 
numbers into any category. A simplicial object in a category C is a structure that captures the idea of 
objects organized in a way analogous to simplices in geometry (points, line segments, triangles, etc.). 
These structures are defined via functors from the simplicial category Δ to C. A contravariant functor 
is a mapping between categories that reverses the direction of morphisms. 
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We conclude with the dialogue related to the invention for an automatic shaving (Figure 20): 

Marketing: "Could you please explain how your invention works?" 

Inventor: "It's very simple! The client inserts their head here, and from these openings, manipulators 

with straight razors extend and shave the client!" 

Marketing: "But wait! Every person has a unique head and face shape!" 

Inventor: "Well... the first time, yes..." 

l 

Figure 20. Inventing a shaving machine where  head shape is being  adjusted. 

Our evaluation demonstrates a systematic improvement in the quality of generated invention 
dialogues when incorporating both the dialogue model and explicit CSP resolution. These 
enhancements result in performance gains of 3.3% and 5.3%, respectively, underscoring the critical 
role of CSP solvers in specific applications and the broader importance of logical reasoning 
companions in improving LLM outcomes. 

The pedagogical value of automatically constructed invention dialogues is also evident. 
Compared to traditional plain-text learning materials, invention dialogues substantially improve 
learning efficiency. The most pronounced benefits are observed in step-by-step learning of concepts, 
followed by thinking hypothetically. Domain-specific evaluations reveal the highest pedagogical 
impact in healthcare, with significant benefits also seen in communication and computing. However, 
it is worth noting that in some domains and knowledge types, invention dialogues may occasionally 
hinder learning outcomes. Despite these exceptions, the overall assessment affirms the efficacy of 
invention dialogues in enhancing learning. 

Additionally, our findings highlight that students trained with hypothetical invention dialogues 
can successfully construct similar dialogues in approximately 75% of cases. Among the evaluated 
features, plausibility is the most consistently achieved, followed by originality and consistency. These 
results underscore the potential of invention dialogues not only as a learning tool but also as a means 
of fostering creative and logical reasoning skills in learners. 

Appendix 

End Scene 

 
In this dialogue, Alex and Dr. Maxwell conceptually explore the principles of air compression, fuel 

ignition, and thrust generation that lead to the invention of the jet engine. This conversation 
mirrors the early stages of thought that eventually brought real-world engineers to develop jet 
propulsion. 

You said: 
please compose a dialogue which leads to invention of antibiotics 
ChatGPT said: 
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ChatGPT 
Scene: 

[Year: 1928] 
[Location: A laboratory in London. Dr. Alexander Fleming is working at his desk. His colleague, 
Dr. Sarah Miller, walks in.] 

 
Sarah: (entering) “Good morning, Alexander! You look deeply engrossed in something.” 
Fleming: (peering into a petri dish) “Ah, Sarah, good morning. You know, I’ve been observing 

something quite curious. I left these petri dishes of Staphylococcus cultures out before I went on 
holiday, and now that I’ve come back, I’ve noticed something unusual.” 

Sarah: (leaning in) “Unusual? What is it?” 
Fleming: “Look here.” (points at a dish) “See this spot where mold has grown?” 
Sarah: “Yes, I see it. Mold contaminating your experiments. Surely you’re throwing these out?” 
Fleming: (chuckling) “That’s what I first thought. But then I noticed something strange. Around the 

mold, the Staphylococcus bacteria have completely disappeared. It seems like the bacteria were 
killed off in that zone, almost like the mold is fighting them.” 

Sarah: (surprised) “Really? Could it be that the mold is producing some kind of substance that kills 
bacteria?” 

Fleming: “That’s exactly what I’m wondering. I did a few more tests, and it seems to hold true. 
Wherever this mold grows, the bacteria can’t survive.” 

Sarah: “That’s fascinating. What type of mold is it?” 
Fleming: “It looks like Penicillium notatum. But what’s important is not just the mold itself, but what 

it seems to be producing. It’s possible that the mold is secreting some sort of antibacterial 
compound.” 

Sarah: (excited) “So, you’re suggesting that this substance could be extracted and used to kill 
bacteria? This could be revolutionary! Think of the potential in medicine—treating infections, 
healing wounds...” 

Fleming: (nodding) “Yes, if we can figure out how to isolate this compound and mass-produce it, we 
might be able to treat infections that are currently untreatable.” 

Sarah: “Do you think this could work for more than just Staphylococcus? What if it’s effective against 
other harmful bacteria as well?” 

Fleming: “That’s what I intend to find out. If it works against a broad range of bacteria, we could 
have something truly groundbreaking on our hands.” 

Sarah: (grinning) “This might just be the key to saving countless lives. Imagine being able to treat 
infections without fear of them spreading uncontrollably. What should we call this antibacterial 
substance?” 

Fleming: (thoughtful) “The mold is Penicillium... perhaps we’ll call it ‘penicillin.’” 
Sarah: (nodding) “Penicillin… a fitting name for something that could change the world.” 
Fleming: “Now, the real work begins. We need to figure out how to purify this substance, test its 

effectiveness, and find a way to produce it on a larger scale.” 
Sarah: “I’ll help however I can, Alexander. This could mark the beginning of a new era in medicine.” 
Fleming: (smiling) “Let’s get started. We may be on the verge of something extraordinary.” 

 
Narrator: 

This discovery would indeed prove extraordinary. Fleming’s chance observation of mold killing 
bacteria in 1928 led to the development of penicillin, the world’s first antibiotic, which 
revolutionized medicine and saved millions of lives in the decades to come. 

4o 
You said: 
please compose a dialogue which leads to invention of nuclear bomb 
ChatGPT said: 
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ChatGPT 
Scene: 

[Year: 1939] 
[Location: A physics laboratory at Columbia University. Two physicists, Dr. Leo Szilard and Dr. 
Enrico Fermi, are in a heated discussion about recent scientific developments.] 

 
Szilard: (pacing) "Enrico, have you read the latest findings from Hahn and Strassmann in Germany? 

They’ve discovered that when uranium is bombarded with neutrons, it splits into two lighter 
elements—barium and krypton. It’s fission, Enrico, nuclear fission!" 

Fermi: (nodding) "Yes, I’ve seen the report. I’ve been experimenting with uranium myself, trying to 
figure out the implications. But fission... it's beyond anything we expected. What are you 
thinking?" 

Szilard: (intensely) "Do you understand the potential here? If the energy released from fission could 
be controlled, it would mean an unimaginable source of power. But there’s something even more 
pressing: the chain reaction." 

Fermi: (curious) "A chain reaction? Explain." 
Szilard: "When a uranium nucleus is split, it releases energy, but it also releases neutrons. Those 

neutrons can go on to split more uranium atoms, which release more energy and more neutrons. 
If this process continues—uncontrolled—it could result in an explosive release of energy. 
Theoretically, it could be catastrophic." 

Fermi: (thoughtfully) "A self-sustaining chain reaction... I see. But could such a reaction really release 
that much energy? Enough to create a bomb?" 

Szilard: (nodding grimly) "More than enough. The amount of energy locked inside the nucleus is 
staggering. Just a few pounds of uranium could release the same energy as thousands of tons of 
TNT." 

Fermi: (sitting down, wide-eyed) "You're talking about a weapon of mass destruction, Leo. One that 
could level entire cities." 

Szilard: "Exactly. And that’s why I’m so concerned. We’re physicists, Enrico, but we're also human 
beings. If we can see the potential for a bomb like this, so can the Nazis. Germany is already 
racing ahead with their research. We can’t afford to ignore this." 

Fermi: (pausing) "But how do we proceed? Even if we could create such a chain reaction, controlling 
it would be incredibly difficult. And if we fail..." 

Szilard: "We don’t have to control it for peaceful use, not yet. But we must explore how to control it 
for military purposes. This kind of power in the wrong hands would be disastrous. We need to 
warn the United States government. They need to understand the implications and act before 
it’s too late." 

Fermi: (nodding) "You’re right. The physics behind it is sound. If we can figure out the right setup—
enriched uranium or plutonium, moderated by something to control the neutrons—we could 
initiate a chain reaction. But do you realize what you’re suggesting? We’d be building the most 
destructive weapon in human history." 

Szilard: "I do realize it. But we can’t let Germany get there first. This bomb could end the war—or it 
could ensure victory for whoever holds it. The responsibility is enormous." 

Fermi: "If we’re going to do this, we’ll need help. We need the government’s support, the best 
scientists, and proper funding. We can’t work in isolation. This is beyond academic research." 

Szilard: (determined) "Then we must act quickly. I’ve already been thinking about reaching out to 
Albert Einstein. His name could carry weight with the government. If we can convince him of 
the danger, he might help us get the attention we need." 

Fermi: (standing up) "Let’s do it, Leo. We’ll write the letter, involve Einstein, and set this in motion. 
But let’s be clear: if we succeed, the world will never be the same." 
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Narrator: 
This conversation would spark a series of events leading to the famous Einstein-Szilard letter to 
President Roosevelt, which ultimately initiated the Manhattan Project. The project would result 
in the creation of the first nuclear weapons, forever altering the course of history with the 
bombings of Hiroshima and Nagasaki in 1945. 

4o 
You said: 
please compose a dialogue which leads to invention of supersonic jets 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: 1947] 
[Location: A military airfield in California. Two engineers, John and Alice, are discussing the 
challenges of aviation after a test flight with one of the fastest planes of the time.] 

 
John: (wiping sweat from his forehead) "Alice, can you believe it? We’re flying faster than anyone 

ever thought possible just a few years ago. But I can’t help thinking we’re hitting a wall—
literally." 

Alice: (nodding) "You’re talking about the sound barrier, right? It feels like we’re getting close. Every 
time we push the plane past 600 miles per hour, the controls start shaking like it’s about to tear 
itself apart. It’s like the air just turns against us." 

John: "Exactly. Pilots describe the plane becoming unstable. The faster they go, the more resistance 
they face, and then there’s this sudden wall of turbulence. It’s like nature telling us, 'That’s far 
enough.' But I don’t buy it. We’ve come this far—there must be a way to break through." 

Alice: "The problem is, the plane isn’t designed for it. These subsonic planes are meant to cut through 
air at lower speeds. But once you approach the speed of sound, the air pressure around the plane 
builds up drastically. It’s like the air can’t move out of the way fast enough. It causes shockwaves 
that make the aircraft shake and nearly break apart." 

John: (deep in thought) "Shockwaves... Maybe we’ve been thinking about this wrong. What if the 
plane itself could be designed to handle those shockwaves instead of fighting them? It’s not just 
about building a faster plane—it’s about reshaping how we move through the air." 

Alice: (curious) "You mean changing the aerodynamic design? What would that even look like? 
Traditional wings and body structures aren’t cutting it at high speeds. Are you suggesting we 
redesign the whole aircraft?" 

John: (excited) "Why not? If we can manage the airflow around the plane, maybe we could reduce 
the turbulence. What if we tapered the wings more, gave the plane a sharper, sleeker body—
something to help it slice through the air? Instead of the air compressing in front of the plane, it 
could flow over and around it more smoothly." 

Alice: (nodding) "That makes sense. The faster we go, the more important aerodynamics become. 
We’d need to design the wings with a thinner profile to reduce drag. And maybe—just maybe—
we can change the shape of the fuselage too, so that it directs air more efficiently and minimizes 
shockwaves." 

John: "And we’ll need more power, Alice. Jets are powerful, but we need something that can keep us 
accelerating past that critical speed. I’ve been reading about these new turbojet engines. They 
compress the air, mix it with fuel, and create much more thrust than anything we’ve used before. 
If we combine that with a new design..." 

Alice: (smiling) "Then we might have a shot at breaking the sound barrier. But we’ll also need to 
strengthen the materials. Supersonic speeds will put immense stress on the plane’s frame. We 
can’t have parts tearing apart mid-flight." 
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John: "Right. Stronger materials, more power, better aerodynamics. If we can solve all those, we 
might just break through the sound barrier. Imagine—flying faster than sound. We could get 
anywhere in the world in a fraction of the time." 

Alice: (excited) "And think about what it would mean for military aircraft. Supersonic jets could 
outrun any threat, respond to crises faster, and revolutionize air combat. But the challenge will 
be making the plane stable enough for pilots to control at those speeds. We’ll need to develop 
new flight control systems too." 

John: "That’s true. At those speeds, the slightest miscalculation could send the plane spiraling. We’ll 
need precision engineering all around. But I believe it’s possible. We’ve got the technology—we 
just need to push the boundaries." 

Alice: (confidently) "I agree. Let’s draw up some designs. A sharper fuselage, thinner wings, turbojet 
engines, and stronger materials. We’ll start with a test model and see how it handles. If we’re 
right, we’ll be the first to crack supersonic flight." 

John: (grinning) "It sounds crazy, but all great inventions do at first. Let’s make it happen." 

 
Narrator: 

This conversation echoes the real challenges faced by engineers and pilots during the 
development of supersonic flight. The first aircraft to break the sound barrier, the Bell X-1, 
piloted by Chuck Yeager, achieved this feat in October 1947. Supersonic jets would go on to 
transform aviation, military strategy, and global travel, forever changing the pace of human life. 

4o 
You said: 
please compose a dialogue which leads to invention of air conditioning 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: 1901] 
[Location: A printing company office in New York City. Willis and Samuel, two engineers, are 
discussing a major problem facing the printing press, especially during the hot and humid 
summer months.] 

 
Samuel: (wiping his brow) "Willis, I don’t know how much longer we can handle this heat. Every 

summer, it’s the same problem. The humidity in this place ruins the paper, and the ink smears 
before it even dries." 

Willis: (leaning against a desk) "Yeah, I noticed. The air is so thick in here, it’s practically dripping. 
I’ve seen the press operators struggling with ink that just won’t set properly. And don’t get me 
started on the paper warping. No wonder the print quality’s been so inconsistent." 

Samuel: "Exactly! The humidity makes everything harder to control. If we don’t find a solution soon, 
we’re going to lose clients. What do you think we could do? Open some windows, add a few 
more fans?" 

Willis: (shaking his head) "That might help a little, but it won’t fix the core issue. Fans just move the 
hot air around—they don’t change the humidity or temperature. We need to control the 
environment, not just stir it up." 

Samuel: (thoughtful) "But how do we do that? The real problem is that the air’s full of moisture. 
When it’s this humid, it throws everything off. If we could somehow dry the air, that might 
help." 

Willis: "Hmm... You’re onto something. The issue isn’t just the heat, it’s the moisture in the air. What 
if we could figure out a way to remove that moisture? Dry air would help stabilize the paper 
and ink." 

Samuel: (curious) "Okay, but how do we actually dry the air? We’d need to cool it down, right? Cold 
air holds less moisture, doesn’t it?" 
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Willis: (thinking) "Yes, that’s it! Cold air can hold less moisture. If we can lower the temperature and 
remove some of that humidity, we might be able to create the right conditions for printing. But 
we’ll need more than just a fan. We’d need some kind of system to cool the air and condense the 
moisture." 

Samuel: "Like a refrigerator for the air? That’s an interesting idea. How would we do it?" 
Willis: (inspired) "Refrigerators use coils to cool down small spaces by compressing and expanding 

gas, right? What if we adapted that idea to cool the air in a large room like this? We could run 
warm air over cooling coils, and the moisture would condense out of the air as it cools." 

Samuel: (excited) "So we could capture that moisture before it messes with the paper. And if we 
circulate the cooler, drier air back into the room, we’ll keep the temperature and humidity at a 
stable level. That might just work!" 

Willis: (nodding) "Exactly. We’d need a system to blow the air through the cooling coils, chill it, and 
then return it to the room. The coils would have to be cold enough to pull the moisture out, but 
not so cold that the air gets uncomfortable. We’re not trying to freeze the place, just control the 
conditions." 

Samuel: "Right, we need a balance—cooling just enough to remove the moisture and keep the air 
comfortable. I guess the trick would be to find a way to regulate the temperature and humidity 
levels constantly. Maybe with some kind of thermostat?" 

Willis: (smiling) "Now you’re thinking! We could set a specific temperature and humidity level, and 
the system would kick in whenever the room goes beyond that range. It would be like creating 
a perfectly controlled environment. This could revolutionize more than just printing presses." 

Samuel: "You’re right! If we can make it work here, other industries could use it too—textiles, 
pharmaceuticals, even homes. Imagine being able to keep a room comfortable no matter how 
hot and humid it gets outside." 

Willis: "We could build a prototype and test it out here in the factory first. If it works, we’ll have 
solved the humidity problem and potentially created something entirely new. A system that 
cools and dries the air, keeps everything stable, and makes life a lot more comfortable." 

Samuel: (grinning) "It’s worth a shot. Let’s start designing the system. I’ve got a feeling we’re onto 
something big here." 

 
Narrator: 

This conversation mirrors the thought process that led to the invention of modern air 
conditioning. Willis Carrier, a young engineer at the time, developed the first air conditioning 
system in 1902 to solve humidity problems at a printing company. His innovation would go on 
to transform industries and everyday life, providing cool, comfortable environments in homes, 
offices, and countless other settings worldwide. 

4o 
You said: 
please compose a dialogue which leads to invention of microwave cooker 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: 1945] 
[Location: A Raytheon lab. Percy, an engineer working on radar technology, is tinkering with a 
magnetron, the device responsible for generating microwaves for radar systems. He’s joined by 
a colleague, Frank, as they brainstorm the implications of their work.] 

 
Percy: (focusing on the magnetron) "You know, Frank, I’ve been thinking. These magnetrons are 

incredible for radar, but I keep wondering what else they might be capable of." 
Frank: (laughing) "Yeah? Thinking of pointing it at something other than enemy planes?" 
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Percy: (chuckling) "Maybe. Earlier today, while I was testing one of the new models, something 
strange happened. I had a candy bar in my pocket, and it melted." 

Frank: (surprised) "What? Just from being near the magnetron?" 
Percy: "Exactly. I wasn’t even that close to the thing. I was just running the usual tests, but after a few 

minutes, I noticed my candy bar had melted. It wasn’t like it got burned—it just turned into a 
gooey mess." 

Frank: (raising an eyebrow) "That’s... unusual. You think the microwaves from the magnetron had 
something to do with it?" 

Percy: "It has to be. Nothing else was different about the test, and the magnetron produces 
microwaves—high-frequency waves that penetrate materials. But I hadn’t thought they’d have 
that kind of effect on food." 

Frank: (curious) "Huh. So, if it could melt a candy bar... what else could it do?" 
Percy: "That’s exactly what I’m wondering. If microwaves can heat things up like that, maybe we’re 

onto something bigger. Maybe it could be used to cook food. I mean, think about it: instead of 
using a stove or oven, what if you could just use microwaves to heat food directly?" 

Frank: (laughing) "Microwaves to cook food? You’re saying we might be able to cook a steak with 
this thing?" 

Percy: "Why not? We’re already heating things up, and we know microwaves cause molecules—
especially water molecules—to vibrate. Vibration creates heat. That’s what melted my candy 
bar, and that’s what could cook food, too. The trick is controlling it so it heats things evenly." 

Frank: (thinking) "That could be revolutionary. Cooking without fire, without an oven... just using 
energy waves. But how would you stop the food from being, I don’t know, zapped too much?" 

Percy: (nodding) "Good question. We’d need to regulate the power and time. Food heats unevenly if 
you just blast it, so maybe there’s a way to contain the microwaves, keep them focused on the 
food, and control how much energy is being used. Maybe a metal box that can trap the waves 
and reflect them around, to cook everything evenly." 

Frank: "A box that reflects the microwaves back at the food, cooking it from all sides? That sounds 
like it could work. But we’d also need to make sure it’s safe for people to use. Don’t want folks 
getting microwaved while they’re heating up their dinner." 

Percy: (laughing) "Yeah, safety is key. The waves need to stay inside the box. I think we could design 
a door with a screen that keeps the waves contained but lets you see inside, so you can watch 
your food cooking. It could have timers and power settings to adjust how fast and how much it 
heats." 

Frank: "So we’re talking about a whole new kind of kitchen appliance. Something that cooks faster 
than an oven but without the risk of burning stuff like a fire or hot surface. You think it’s 
possible?" 

Percy: "I think it is. We already know the basic principle—microwaves cause water molecules to heat 
up. We just need to refine the technology, control it, and package it in a way that’s practical for 
everyday use. If we can do that, we could cook food in minutes instead of hours." 

Frank: (excited) "This could change everything! Imagine how convenient that would be for people—
no more waiting for ovens to preheat or dealing with messy stoves. Just pop something in, hit a 
button, and it’s cooked." 

Percy: (grinning) "Exactly! Faster cooking, less hassle, and no open flames. This might just be the 
future of cooking." 

 
Narrator: 

This conversation mirrors the real-life experience of Percy Spencer, who in 1945 discovered that 
microwaves from a magnetron could heat food. His accidental observation of a melted candy 
bar led to the development of the first microwave oven, which revolutionized cooking by 
allowing food to be heated quickly and efficiently using electromagnetic waves. This discovery 
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transformed kitchens around the world, giving rise to the modern microwave oven we use 
today. 

4o 
You said: 
please compose a dialogue which leads to invention of cruise control in cars 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: 1948] 
[Location: A garage workshop. Ralph Teetor, a mechanical engineer and inventor, is working on 
a prototype car. He’s testing different mechanical systems when his friend Harry, who often 
helps him, walks in.] 

 
Ralph: (frustrated, adjusting the car's throttle) "You know, Harry, every time I drive, I find myself 

constantly adjusting the throttle, especially on long roads. It’s exhausting to keep the speed 
steady." 

Harry: (nodding) "Yeah, especially on those long highways. You’re either going too fast or too slow. 
It’s hard to keep a consistent speed, and before you know it, you’re speeding." 

Ralph: "Exactly. It’s not just tiring, but also dangerous. You can easily go over the speed limit without 
realizing it, and then there’s the risk of getting a ticket—or worse." 

Harry: (laughing) "I’ve lost count of how many tickets I’ve gotten for not paying attention. I wish 
there was a way the car could just keep the speed for us." 

Ralph: (pauses, thoughtful) "Hmm… keep the speed for us... you know, that’s not such a bad idea." 
Harry: "What do you mean?" 
Ralph: "What if we could design a system that keeps the car going at a constant speed, without us 

having to adjust the throttle all the time? Something that could hold the car steady once you 
reach the speed you want." 

Harry: (intrigued) "You mean, like the car drives itself?" 
Ralph: "Not quite. Just the speed part. Imagine you’re on the highway, and you want to go 60 miles 

an hour. You press a button or flip a switch, and the car holds that speed for you. No need to 
adjust the throttle. You can focus on steering while the car handles the speed." 

Harry: (grinning) "That would be amazing! But how would we do it? The throttle is controlled 
manually, right? How can the car control it on its own?" 

Ralph: "Well, that’s the challenge. We’d need a mechanical system that could take over the throttle 
once you set the desired speed. Something that senses the speed and adjusts the throttle 
automatically to maintain it. Kind of like an automatic regulator." 

Harry: "A regulator, like how steam engines maintain pressure?" 
Ralph: "Exactly! A governor of sorts. But instead of controlling pressure, it would control speed. It 

would need to sense when the car is going too fast or too slow and adjust the throttle 
accordingly." 

Harry: "But how would it know the speed?" 
Ralph: "We could use a speedometer. If we can link the speedometer to a mechanical system that 

controls the throttle, it could monitor the speed and adjust the throttle in real-time. If the car 
slows down, it opens the throttle. If it speeds up, it closes it. The trick is making it responsive 
and smooth." 

Harry: (excited) "So, once you hit the desired speed, the system takes over and holds it steady?" 
Ralph: "Exactly. The driver could disengage it anytime, of course. We could have a manual 

override—something as simple as tapping the brake would disable it." 
Harry: "That would be a game-changer for long drives. It would make driving so much easier—and 

safer too, since you wouldn’t have to worry about speeding." 
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Ralph: (nodding) "It could help with fuel efficiency too, by keeping the car at a steady speed instead 
of constantly accelerating and decelerating." 

Harry: "You’re onto something, Ralph. We should try it out. Build a prototype and see if we can make 
it work." 

Ralph: "I’m already thinking of ways to integrate it into the throttle system. We could use a 
centrifugal governor, like those used in steam engines, to control the throttle based on the car’s 
speed. If we can get it to work smoothly, this could be the first step toward automated driving 
systems." 

Harry: "Imagine a world where cars could maintain their own speed without us having to lift a finger. 
That would be revolutionary." 

Ralph: (smiling) "Let’s get to work, then. If we can make this system reliable, we might just change 
the way people drive forever." 

 
Narrator: 

This conversation mirrors the real-life thought process of Ralph Teetor, who, despite being blind, 
invented cruise control in the late 1940s. Inspired by the frustration of inconsistent speed during 
long drives, Teetor developed a system to maintain a car's speed automatically, which became 
the foundation for modern cruise control systems. His invention has since become a standard 
feature in most vehicles, making driving more convenient and efficient. 

4o 
You said: 
please compose a dialogue which leads to invention of LCD screen 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: 1960s] 
[Location: A research lab. George Heilmeier, a scientist working at RCA, is experimenting with 
liquid crystals for electronic displays. His colleague David, an engineer, is assisting him.] 

 
George: (looking through a microscope) "You know, David, I’ve been reading about these liquid 

crystals. They’re peculiar substances. They flow like a liquid but have molecular structures like 
a solid. I wonder if we can use them for something practical." 

David: (curious) "Liquid crystals? What are you thinking? It sounds interesting, but what would we 
use them for?" 

George: "Well, I’ve been thinking about electronic displays. The current cathode-ray tube displays 
are bulky, and they consume a lot of power. They’re not ideal for small, portable devices. We 
need something more efficient and compact." 

David: "Yeah, CRTs are massive. Imagine trying to make a portable television or display with one of 
those—it would be a nightmare. But how do liquid crystals come into the picture?" 

George: (leaning back in his chair) "Liquid crystals have this unique property. Under certain 
conditions, they can change their molecular arrangement when an electric current is applied. If 
we can harness that, maybe we could manipulate light and create images or information on a 
screen. A flat, thin screen." 

David: (surprised) "Wait, so you’re saying liquid crystals could be used to create displays? But how 
would that work? They’re just a fluid-like material." 

George: "That’s the challenge, but I think it’s possible. Here’s the idea: liquid crystals can either block 
light or allow it to pass through, depending on their orientation. If we sandwich the liquid 
crystals between two transparent electrodes and apply an electric field, we can control how they 
align. This change in alignment could be used to control how much light passes through certain 
parts of the screen." 
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David: (excited) "So, we could control each tiny area, or pixel, of the screen individually by applying 
electric current to different parts of the liquid crystal layer?" 

George: "Exactly! Imagine a grid of electrodes controlling each pixel. We could make sections of the 
screen light up or stay dark, creating images. And because liquid crystals react quickly to 
changes in voltage, we could refresh the display fast enough for it to work like a dynamic 
screen—just like a TV or a monitor, but much thinner." 

David: (thinking it over) "That’s brilliant! And because it doesn’t need a huge vacuum tube or 
electron gun like a CRT, the whole display could be just a few millimeters thick. Portable devices 
with screens would be possible!" 

George: "That’s the dream. We’d need a backlight to shine through the liquid crystals for a full-color 
display, but in principle, this could revolutionize how we create screens. Imagine lightweight, 
flat screens in calculators, watches, or even portable televisions." 

David: "And if it’s power-efficient, it could run for much longer than CRTs. But how do we ensure 
the liquid crystals align correctly for each pixel?" 

George: "That’s where we get into the technical side. We’ll need to find the right combination of 
liquid crystals and electrodes, and maybe some polarizing filters to make sure the light behaves 
the way we want it to. But with enough fine-tuning, I think we can make it work." 

David: (grinning) "This could really change everything. No more clunky, heavy displays. Just thin, 
light, and efficient screens." 

George: "Exactly. If we can get this to work, it could be the foundation for a whole new generation 
of displays. Portable, flat-panel screens for computers, televisions, even handheld devices. The 
possibilities are endless." 

 
Narrator: 

This dialogue mirrors the real-life development of the liquid crystal display (LCD) technology. 
In the late 1960s, George Heilmeier and his team at RCA began exploring the use of liquid 
crystals for electronic displays, eventually leading to the invention of the first practical LCD 
screen. This technology would revolutionize display systems, making flat, portable screens in 
devices like laptops, phones, and TVs possible. 

4o 
You said: 
please compose a dialogue which leads to invention of computer tomography 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: Early 1970s] 
[Location: A radiology department. Godfrey Hounsfield, an engineer at EMI, is discussing 
medical imaging with Dr. James Ambrose, a radiologist. They are brainstorming ways to 
improve the diagnosis of internal injuries and illnesses.] 

 
Godfrey: (holding an X-ray image) "You know, James, traditional X-rays are limited. We only get a 

2D image of the body, and that can be misleading. Bones and organs overlap, so we can’t always 
see what’s going on inside clearly." 

Dr. Ambrose: (nodding) "Exactly, Godfrey. It’s a useful tool, but when it comes to diagnosing soft 
tissue damage, tumors, or internal bleeding, X-rays are often insufficient. We need better 
imaging to pinpoint what’s happening inside the body. Especially for things like brain injuries, 
X-rays aren’t precise enough." 

Godfrey: (deep in thought) "What if we could create a method to get a clearer, more detailed image—
one that doesn’t just capture a flat image but shows the body in slices, almost like peeling an 
onion layer by layer? That way, we’d get a full 3D picture without the overlapping structures." 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2025 doi:10.20944/preprints202502.1363.v1

https://doi.org/10.20944/preprints202502.1363.v1


 42 of 45 

 

Dr. Ambrose: (curious) "Slices? Like what? You’re talking about looking at internal structures one 
layer at a time?" 

Godfrey: "Yes! I’m imagining something that takes multiple cross-sectional images of the body. 
Imagine if we could rotate an X-ray source around the patient and take X-rays from different 
angles. We’d use a computer to compile those images into a 3D view of the body, or at least 
create a series of thin slices." 

Dr. Ambrose: (excited) "That could be revolutionary! If we could look at the body slice by slice, we 
could see each organ clearly without interference. But how would we process so many images 
at once? A human can’t manually piece together hundreds of X-rays into a coherent 3D model." 

Godfrey: "That’s where computers come in. We could use them to process the data. We’d feed the 
images taken from different angles into a computer, which would then perform calculations to 
reconstruct the internal structure. Each slice could show a cross-section of the body, and when 
combined, we’d get an accurate 3D representation." 

Dr. Ambrose: (leaning forward) "You’re saying we could see everything in fine detail? Tumors, brain 
injuries, internal bleeding—no more guesswork?" 

Godfrey: "Exactly. We could map out exactly where a tumor is located or see if there’s bleeding in 
the brain. And we wouldn’t be limited to bones like we are with X-rays. We could visualize soft 
tissues too. It would give us a whole new perspective." 

Dr. Ambrose: (excited) "This could change how we diagnose so many conditions. But how do you 
plan to handle the amount of data? Imaging an entire body, slice by slice—that’s a massive 
amount of information. How would we process it quickly enough?" 

Godfrey: "The challenge is computational power. But with advancements in computers, especially 
using mathematical algorithms like the Radon transform, we could solve this problem. We’d 
create a computer tomography machine, or CT scanner, that rotates around the body, capturing 
those slices. The computer would then take all that data and quickly reconstruct the images." 

Dr. Ambrose: "So you’re thinking of developing a machine that can scan the entire body in thin slices, 
then reconstruct those into a full 3D image? This would be a game-changer for diagnosing 
everything from strokes to cancer." 

Godfrey: (nodding) "Yes, and not just the body. We could apply this to any part—head, chest, 
abdomen. Imagine how much easier it would be to find brain tumors, internal injuries, or other 
abnormalities without invasive procedures." 

Dr. Ambrose: (grinning) "It sounds like you’re onto something big, Godfrey. If we can build this 
machine, it could save lives. No more relying on just 2D images—we’d have a full, clear view of 
the body in 3D. Let’s start working on the design!" 

Godfrey: "I think we can do it. If we use this rotational method and combine it with the right 
algorithms, we’ll be able to turn X-ray data into precise images. Let’s get to work and make this 
idea a reality." 

 
Narrator: 

This conversation mirrors the real-life development of computed tomography (CT) by Godfrey 
Hounsfield, who invented the first CT scanner in 1972. Working in collaboration with Dr. James 
Ambrose, Hounsfield's idea to use a rotating X-ray source and computer algorithms to 
reconstruct 3D images revolutionized medical imaging, enabling doctors to see inside the body 
with unprecedented clarity. CT scans are now a standard diagnostic tool in hospitals worldwide. 

4o 
You said: 
please compose a dialogue which leads to invention of short wave radio 
ChatGPT said: 
ChatGPT 
Scene: 

[Year: Early 1920s] 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2025 doi:10.20944/preprints202502.1363.v1

https://doi.org/10.20944/preprints202502.1363.v1


 43 of 45 

 

[Location: A small laboratory in Europe. Engineer Hans, who has been experimenting with radio 
waves, is discussing recent findings with his colleague, Dr. Wilhelm, a physicist with a deep 
understanding of electromagnetic waves.] 

 
Hans: (fiddling with a radio transmitter) "I’ve been working on this radio transmitter for weeks now, 

but the range is just not what I hoped. The signal only seems to travel a few hundred kilometers 
before it weakens too much to be received clearly." 

Dr. Wilhelm: (thoughtful) "That’s been a problem for many. Longwave radios work well over short 
distances, but beyond that, the signal fades. Have you tried adjusting the frequency?" 

Hans: "Yes, I’ve experimented with different frequencies. It seems that the longer waves travel well 
along the Earth's surface, but they still can’t reach further distances consistently. I keep thinking, 
if we could somehow get the signal to travel farther, we could connect people around the world." 

Dr. Wilhelm: "Hmm… Have you considered shorter wavelengths? Maybe they could behave 
differently. The current focus has been on longwave radio because it was believed shorter waves 
wouldn’t travel as well. But what if they interact with the atmosphere in a way we haven't 
explored yet?" 

Hans: (interested) "Shorter waves? But wouldn’t they just get absorbed or scattered more quickly?" 
Dr. Wilhelm: "Perhaps, but think about the ionosphere. It's known that at higher altitudes, the 

ionosphere is charged with electrons and ions. Maybe, just maybe, these shorter wavelengths 
could reflect off the ionosphere and bounce back down to Earth. Instead of traveling along the 
ground, they could ‘hop’ across vast distances by reflecting between the ground and the 
ionosphere." 

Hans: (eyes widening) "That could solve the range issue! Instead of relying solely on ground waves, 
we could use the ionosphere to our advantage. But how would we know if the shorter waves 
are actually reflecting off the ionosphere?" 

Dr. Wilhelm: (grabbing a piece of chalk to sketch) "We’d need to test different frequencies—start 
with a relatively short wavelength, something in the range of a few meters. Set up a receiver far 
beyond the usual range of ground waves. If the signal bounces off the ionosphere and is strong 
enough, the receiver should pick it up." 

Hans: (excited) "So, theoretically, the signal could travel much farther than long waves, by bouncing 
back and forth between the ionosphere and the ground, almost like a skipping stone on water!" 

Dr. Wilhelm: "Exactly. It could even cross oceans, potentially. And another benefit of shorter waves 
is that they might be less susceptible to interference from obstacles like mountains, which 
longwave signals struggle with." 

Hans: (enthusiastic) "This could revolutionize communication! If we can use these short waves to 
send messages across continents, we’ll be able to connect people in distant places with much less 
power than is needed for longwave transmissions. No need for massive antennas and huge 
amounts of power." 

Dr. Wilhelm: "Let’s try it. We’ll need a transmitter capable of emitting these short waves and a 
receiver positioned at a distant location. If we’re right, we’ll hear our signal come back from far 
beyond the horizon." 

Hans: "This is the breakthrough we’ve been searching for. I’ll start adjusting the transmitter to emit 
shorter waves. Imagine it—radio signals bouncing around the globe. We might be on the verge 
of a global communication network!" 

Dr. Wilhelm: (grinning) "Let’s get to work then. If this works, it’ll change everything. Shortwave 
radio could become the key to worldwide communication." 

 
Narrator: 

This conversation reflects the real-life breakthrough in shortwave radio communication. By the 
1920s, engineers and physicists like Hans and Wilhelm (representing pioneers like Guglielmo 
Marconi and others) discovered that shortwave radio frequencies could reflect off the 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2025 doi:10.20944/preprints202502.1363.v1

https://doi.org/10.20944/preprints202502.1363.v1


 44 of 45 

 

ionosphere, enabling long-distance communication. This led to the development of global 
shortwave radio networks, which became crucial for international communication, 
broadcasting, and even military operations, connecting the world like never before. 

4o 
You said: 
what is common structure between all these invention dialogues? 
ChatGPT said: 
ChatGPT 
The dialogues you requested for various inventions share a common structure that drives the 

discovery process. Here's the breakdown: 
1. Problem Identification: Each dialogue begins with the recognition of a challenge or limitation 

in the current technology or approach. The characters often express frustration or curiosity about 
an issue that needs solving. 

o Example: In the shortwave radio dialogue, Hans expresses dissatisfaction with the limited range 
of longwave radio signals. 

2. Hypothesis or Idea Introduction: A new idea, hypothesis, or alternative approach is proposed, 
typically by a second character or as part of a collaborative brainstorming process. This is often 
based on an understanding of existing science or technology, suggesting a new path. 

o Example: Dr. Wilhelm introduces the idea of using shorter wavelengths and the ionosphere to 
extend the range of radio signals. 

3. Discussion of Feasibility: The characters explore the feasibility of the proposed idea, often 
discussing its theoretical basis, challenges, or how it differs from current methods. There may 
be skepticism or clarification, but the characters ultimately show enthusiasm about testing the 
idea. 

o Example: Hans is initially concerned about the effectiveness of shorter waves, but Wilhelm 
explains the possible interaction with the ionosphere. 

4. Testing or Experimentation: The conversation moves towards a plan for experimentation or 
testing the new idea. The characters outline a basic methodology to see if their theory holds. 

o Example: Hans and Wilhelm plan to set up a shortwave transmitter and receiver to test if the 
signal reflects off the ionosphere. 

5. Anticipation of Impact: The dialogue ends with excitement or realization of the potential impact 
of their innovation. The characters foresee how their discovery could revolutionize a field or 
solve a significant problem. 

o Example: Hans and Wilhelm envision how shortwave radio could create a global 
communication network. 

 
Summary of Common Structure: 
1. Problem Identification: A challenge is recognized. 
2. Hypothesis Introduction: A new idea is proposed. 
3. Feasibility Discussion: The idea is explored and clarified. 
4. Testing/Experimentation: A plan to test the hypothesis is discussed. 
5. Anticipation of Impact: The potential significance of the invention is highlighted. 
This structure mirrors real-world innovation processes, where problem-solving, hypothesis 

generation, collaborative brainstorming, and practical experimentation lead to groundbreaking 
discoveries. 
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