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Abstract

Artificial Intelligence and Game Theory are the two mature concepts at different paths which
are connected and linked with each other. In past 50 years game theory and Al are two new
concepts for research, comes from the same base. This research shows that the both concepts
are deeply connected to one another and this research is trying to fill the gap between both
game theory and Al. In this paper we will also discuss about the types of game theory and
also on the issues in representation, reasoning and learning.
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Introduction

Many founder as student and professors, starting different research by generating some other
new concepts and many other audacious experiment of widening mathematical and
economical reasoning in the early 50s which were very beneficial and effective [1-2]. Game
theory and Al, both have elemental and broad connection between them but now, after 50
years, these both concepts taken diverse paths. Examining on connections of both may give
momentous beneficence to both the areas. Also about the game theory types and how game
theory can be applied in Al and also discuss about the three elemental points which are
representation, learning and reasoning and also give some points on these [3,21,22].

History

Game Theory is a branch of mathematics with some previously defined rules and regulation
which is used for the interactions between different players. Jon Von Neumann is known as
the father of Game Theory as he published is paper on game theory in 1928 but seven years
before him in 1921 Emile Borel published many papers on game theory, he envisioned that
this theory can be used in economic and military applications.[23] Von Neumann gave strict
formulation so he is known as its father. It is developed in economics in beginning but now it
is an interdisciplinary area of study. In case of Al and deep learning GT is important to
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facilitate some of necessary efficiencies needed in multi agent environment where different
Al program need to collaborate or complete as in to achieve a target [4,24,25].

Mechanism

Participant
Design

Figure 1.Game Theory

Al was invented by Herbert Simon and Allen Newell in December, 1955. They develop the
Logic Theorist which was the first artificial intelligence program and the Al and after that
many program and things get invented based on Al and many papers published on this
concept as research [5].

Artificial Intelligence

Al is a broad branch of computer science related to building smart machines which is able to
perform task which need human intelligence and smartness. It guides to the imitation of
intelligence of human being in automobiles or gadgets that are computed to anticipate as
humans and their actions [6,26,27]. It is intelligence described by machines which is look like
the intelligence present in humans and animals which include knowledge and impressibility.
This concept can also use for a machine which shows the characteristics linked with a human
brain like learning and problem solving. Its main ability is its rationalization and ability of
taking steps which give a chance of getting a particular goal target. Machine learning is a
subdivision of artificial intelligence, which tells about the approach of immediately learning
in computer programs [7,39].
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Figure 2.Artificial Intelligence

There are many application of Al. In mostly sector and industries Al and other technologies
are used.[28] It is also used and tested in healthcare section for the treatments and making
drugs and medicines used for curing diseases and also in the operating wards. It includes
computers which are used to play chess and self-driving cars used in financial industry where
it is used for banking and finance.[29]

Weak Al is the type which is designed body to carry out one specific job e.g. Amazon’s
Alexa, Apple’s Siri, etc [8]. Strong Al systems are the type in which human like structures
perform many tasks as human being.[30]

Game Theory

The study of mathematical mode of negotiation, conflict and cooperation between individual,
organization and government is called game theory.[38] Its direct uses are in contract theory,
economics, sociology and psychology.[31] This concept is also used in different sectors of
study to know that why a person made a selected choice and how that have it affect others. It
also contains studies of connection between person or a group as humans use various
technologies to get their desired targets. Game theory is a science of strategy whose focus is
on game, which shows that it is a model who serves the interaction among players (or rational
players) [9]. Game also gives the identification to players and strategies of playing games and
how these strategies affect the results. It is still a young and developing area of science in
which many researches are possible further. There are different types of game theory which
are discussed further in the next topic of this paper.
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Figure 3. Terms used in game theory

Types of Game Theory

There are five different types of Game Theory which are as follows-

Figure 4.Applications of game theory
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Figure 5. Types of Game Theory

Cooperative vs Non-cooperative games- The game where players can setup their union to
inflate their probability of victory in the game is called cooperative games (e.g.
negotiation).

The game in which players cannot form their union is called non-cooperative games (e.g.
wars).[32]

Symmetric vs Asymmetric games- The game in which players have the same target and
their victory depends on their strategies is called symmetric games (e.g. chess).[40]

The game in which players have different or contradictory targets is called asymmetric
game (e.g. prisoner’s dilemma) [10].

Perfect vs Imperfect Information games- The game in which all the participants can see
the moves of other participants is called perfect information game (e.g. ludo).[33]

The game in which the moves of other participant are unseen or secret is called imperfect
information game (e.g. card games).

Simultaneous vs sequential games- The game in which various participants take action all
at once are called simultaneous game (e.g. rock-paper-scissor).[34]

The game in which every participant knows the former actions of other participants is
called sequential game (e.g. board games).

Zero-Sum vs Non-Zero Sum games- The game in which a participant profit is loss to
other participant in the game is called zero-sum game (e.g. poker) [11].

The game in which multiple participants can take advantage of the profit of another
participant is called non-zero sum game (e.g. monopoly) [12].

Game Theory in Artificial Intelligence

Game Theory is a very important concept for Artificial Intelligence model when we have to
compose and design the model. Game Theory has its power in artificial intelligence, and to
understand importance of game theory in artificial intelligence we have to know the basic of
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game theory which we had discussed earlier.[35] Now, game theory is an important element
in making and forming Al models today as game models are becoming popular day by day
[13]. Mostly it is becoming popular in the multi-agent system which is used within a game
model for interconnection with other agents. Game Theory is used to promote the abilities of
multi-agent system needs to implement various programs in artificial intelligence for
interaction to get the target. Multiple agents get connected to one another in gaming
dimensions in reinforcement learning whose aim is to get victory without changing other
variables. Multiple agents are able to conclude and collude in gaming dimensions to manage
a work very accurately and efficiently. [36]Game Theory is also getting used in artificial
intelligence in various sectors from cyber security to healthcare diagnosis and has capability
of real world problem solving. Game theory is one of the main concepts in artificial
intelligence skills that every artificial intelligence engineer needs to have in ordnance [14].
Game theory can be practiced in various extent of artificial intelligence:

1. Multi-agent artificial intelligence systems
2. Imitation and Reinforcement Learning
3. Adversary training in Generative Adversarial Networks (GANS).
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Figure 6.Game theory in Artificial intelligence

Representation, Reasoning and Learning

Both concepts are handled by “intelligent” agents. By applying different reasoning and
learning techniques, agents can collaborate with each other and try to enhance their
performance [15]. The points given below are elemental to both concepts-

i. Reasoning about distributed systems- Act in artificial intelligence examine obligations
for distributed environments, computational constraints etc. Act in game theory examine
communication between agents which are based on rational constraints (where agents
pursue their own concern). Reasoning is essential priority for both as it is assimilating the
two communication constraints as well as rationality constraints [16]. To achieve a
particular behavior there are two hurdles which have to be conquered:
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>
>

Rationality- Agents can scam about their estimation.

Communication bounds- Communication with estimation of agents become infeasible
for each subset and communication bound is number of possible subset of source which
might be very big.

It has two theorems:

>

>

Theorem 1- When set B is a partition of set R, where vi(d) = maxy,€B,b<dv; (b) is an
equilibrium of the Clarke mechanism.[41]

Theorem 2- Let set B = {Ay, ...,Ac} be a partition of R into k non empty sets of maximum
size B(B). (That is, B(B) = max{|A4|, ..., |A«/}.) Then

Re <B(B) - ¢(K),

where, ¢(k) =max min{j, k/j}.

j=1..k

Learning- Learning is an elemental case/point for both these concepts. Game theory
asserts learning as a descriptive medium which explain the development of Nash
equilibrium. Working on reinforcement learning in artificial intelligence asserts a way,
and also deal with algorithms which get high payoff in unusual environment which lies on
feedback. This type of learning scheme is elemental for both the topics. The algorithm
which deals with optimal behavior is very effective. It is a broad issue in both the
concepts [17]. Working on reinforcement learning various attentions by both the topics
researchers and scholars and theorists of game. It provides the justification for the concept
of Nash equilibrium which is concentrated for long period of time. A duo of strategies,
for each participant, like deviation by other participant is irrational considering other
participants to be in its strategies is called Nash equilibrium [18]. Its objective is
providing the rules of learning to agent which gives high probability and more payoffs
after some sort of time.

It has a theorem:

>

Theorem 3- Given a game G, and &> 0, 0 <6 < 1, there exists a number T, polynomial in
/e, 1/3, |G|, after which Rpyax Will have the property that for every t > T, the average
payoff obtained by the agent is € close to the probabilistic maximin value of G, with a
probability of failure of at most 9.

Representation- It is a central concept between both the topics as all the modelling
agents are centered all around the representation [19]. It is the criteria of classical
decision which includes competitive analysis, approach of maximization and level of
safety (which is bad case). Agent is seen as maximizer of utility in game theory/
economics. An elemental problem among economist is the ability of agent modelling’s
maximization of utility. It is the common or conventional path in game theory and a
prominent way in the current artificial intelligence. This is the outlook as decision maker
for agent modelling who are trying to upgrading their payoffs.[37]
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It has a theorem:

» Theorem 4- Closure under unions is a sound and complete axiomatization for the
competitive-ratio decision criterion, in any given binary choice problem

These three elemental topics are the necessary topics by which we can relate both game
theory and artificial intelligence ad these topics also show the interconnection between both
the concepts [20].

Conclusion

In this paper, we have discussed about the artificial intelligence, game theory and how they
both are connected with each other and relate with one another. Game theory and artificial
intelligence are the two mature and vast concepts which give a lead to many researches and
researchers also show their many uses to us. Game theory is related to mathematical
formulation and artificial intelligence is related to building smart machine and to build a
machine artificial intelligence needs game theory this is the way by which both are
interconnected to each other. This paper also discuss about the type of game theory and their
means.

The connection between both the concepts consist 3 parts which are following

1. Viewing use of computational settings by re-visiting game-theoretic and economic
ways/paths.

2. For game-theoretic paths, it deals with computational issues.

3. To produce new theories for non-cooperative multi-agent systems, we combine game-
theoretic paths and artificial intelligence paths.

This work cannot be completed by one group, these work need alliance or participation
between computer scientists and artificial intelligence researchers. This participation and
cooperation will lead to remarkable contribution in science and technology.

References

Jiang, Z., Dong, Z., Wang, L., & Jiang, W. (2021). Method for Diagnosis of Acute
Lymphoblastic Leukemia Based on ViT-CNN Ensemble Model. Computational
Intelligence and Neuroscience, 2021.

Luo, D., Qin, D., Cheng, H., Zhou, M., Zhu, D., & Ni, C. (2021). Comparison of Image
Quality of Multiple Magnetic Resonance Imaging Sequences in Multiple Myeloma.
Journal of Medical Imaging and Health Informatics, 11(2), 497-505.

Meraj, Talha, WaelAlosaimi, Bader Alouffi, Hafiz TayyabRauf, SwarnAvinash Kumar,
Robertas Damasevicius, and Hashem Alyami. "A quantization assisted U-Net study
with ICA and deep features fusion for breast cancer identification using ultrasonic
data.” PeerJ Computer Science 7 (2021): e805.

Page 18




Global Journal on Innovation, Opportunities and Challenges in AAl and Machine Learning - Vol. 6, Issue 1 — 2022
© Eureka Journals 2022. All Rights Reserved. International Peer Reviewed Referred Journal

El Hussein, S., Chen, P., Medeiros, L. J., Wistuba, I. 1., Jaffray, D., Wu, J., &Khoury, J. D.
(2022). Artificial intelligence strategy integrating morphologic and architectural
biomarkers provides robust diagnostic accuracy for disease progression in chronic
lymphocytic leukemia. The Journal of Pathology, 256(1), 4-14.

Kumar, S. A., Garcia-Magarifio, 1., Nasralla, M. M., &Nazir, S. (2021). Agent-Based
Simulators for Empowering Patients in Self-Care Programs Using Mobile Agents
with Machine Learning. Mobile Information Systems, 2021.

Kumar, S. A., Nasralla, M. M., Garcia-Magarifio, 1., & Kumar, H. (2021). A machine-
learning scraping tool for data fusion in the analysis of sentiments about pandemics
for supporting business decisions with human-centric Al explanations. PeerJ
Computer Science, 7, e713.

Suryaganesh, M., Arun Samuel, T. S., Ananth Kumar, T., &NavaneethaVelammal, M.
(2022). Advanced FET-Based Biosensors—A Detailed Review. Contemporary Issues
in Communication, Cloud and Big Data Analytics, 273-284.

Thiruvikraman, P., Kumar, T. A., Rajmohan, R., &Pavithra, M. (2021). A Survey on Haze
Removal Techniques in Satellite Images. Irish Interdisciplinary Journal of Science &
Research (I11JSR), 5(2), 01-06.

Mostafa, A. M., Kumar, S. A., Meraj, T., Rauf, H. T., Alnuaim, A. A., &Alkhayyal, M. A.
(2022). Guava Disease Detection Using Deep Convolutional Neural Networks: A
Case Study of Guava Plants. Applied Sciences, 12(1), 239.

Simsek, E., Badem, H., &Okumus, I. T. (2022). Leukemia Sub-Type Classification by Using
Machine Learning Techniques on Gene Expression. In Proceedings of Sixth
International Congress on Information and Communication Technology (pp. 629-
637). Springer, Singapore.

Kumar, S. A., Kumar, H., Dutt, V., &Soni, H. (2021, February). Self-Health Analysis with
Two Step Histogram based Procedure using Machine Learning. In 2021 Third

International Conference on Intelligent Communication Technologies and Virtual
Mobile Networks (ICICV) (pp. 794-799). IEEE.

Kumar, S. A., Kumar, A., Dutt, V., & Agrawal, R. (2021, February). Multi Model
Implementation on General Medicine Prediction with Quantum Neural Networks. In

2021 Third International Conference on Intelligent Communication Technologies and
Virtual Mobile Networks (ICICV) (pp. 1391-1395). IEEE.

Aof, A. M. B., Awad, E. A, Omer, S. R., Ibraheem, B. A., & Mustafa, Z. A. (2022). A
Computer-Aided Diagnoses Program for Leukemia Detection Using Blood Samples.
Journal of Clinical Engineering, 47(1), 44-49.

Kumar, S. A., Kumar, H., Swarna, S. R., &Dutt, V. (2020). Early Diagnosis and Prediction of
Recurrent Cancer Occurrence in a Patient Using Machine Learning. European Journal
of Molecular & Clinical Medicine, 7(7), 6785-6794.

Glorindal, G., Mozhiselvi, S. A., Kumar, T. A., Kumaran, K., Katema, P. C., &Kandimba, T.
(2021, July). A Simplified Approach for Melanoma Skin Disease Identification. In

Page 19



Global Journal on Innovation, Opportunities and Challenges in AAl and Machine Learning - Vol. 6, Issue 1 — 2022
© Eureka Journals 2022. All Rights Reserved. International Peer Reviewed Referred Journal

2021 International Conference on System, Computation, Automation and Networking
(ICSCAN) (pp. 1-5). IEEE.

Kumar, S. A., Kumar, H., Dutt, V., & Dixit, P. (2020). The Role of Machine Learning in
COVID-19 in Medical Domain: A Survey. Journal on Recent Innovation in Cloud
Computing, Virtualization & Web Applications [ISSN: 2581-544X (online)], 4(1).

Kumar, K. S., Radhamani, A. S., Sundaresan, S., & Kumar, T. A. (2021). Medical Image
Classification and Manifold Disease Identification through Convolutional Neural
Networks: A Research Perspective. Handbook of Deep Learning in Biomedical
Engineering and Health Informatics, 203-225.

Kumar, S. A., Kumar, H., Dutt, V., &Swarnkar, H. (2020). COVID-19 Pandemic analysis
using SVM Classifier: Machine Learning in Health Domain. Global Journal on
Application of Data Science and Internet of Things [ISSN: 2581-4370 (online)], 4(1).

Suresh, K. K., Sundaresan, S., Nishanth, R., &Ananth, K. T. (2021). Optimization and Deep
Learning—Based Content Retrieval, Indexing, and Metric Learning Approach for
Medical Images. Computational Analysis and Deep Learning for Medical Care:
Principles, Methods, and Applications, 79-106.

Kumar, S. A., Kumar, H., Dutt, V., & Dixit, P. (2020). Deep Analysis of COVID-19
Pandemic using Machine Learning Techniques. Global Journal on Innovation,
Opportunities and Challenges in Applied Artificial Intelligence and Machine Learning
[ISSN: 2581-5156 (online)], 4(2).

Kumar, TamilarasanAnanth, RajendraneRajmohan, MuthuPavithra, Sunday AdeolaAjagbe,
Rania Hodhod, and TarekGaber. "Automatic Face Mask Detection System in Public
Transportation in Smart Cities Using 1oT and Deep Learning.” Electronics 11, no. 6
(2022): 904.

Kumar, S. A., Kumar, H., Dutt, V., &Swarnkar, H. (2020). Role of Machine Learning in
Pattern Evaluation of COVID-19 Pandemic: A Study for Attribute Explorations and
Correlations Discovery among Variables. Global Journal on Application of Data
Science and Internet of Things [ISSN: 2581-4370 (online)], 4(2).

Das, P. K., Pradhan, A., &Meher, S. (2021). Detection of Acute Lymphoblastic Leukemia
Using Machine Learning Techniques. In Machine Learning, Deep Learning and
Computational Intelligence for Wireless Communication (pp. 425-437). Springer,
Singapore.

Kumar, S. A, Kumar, H., Dutt, V., & Swarnkar, H. (2019). Contribution Of Machine
Learning Techniques To Detect Disease In-Patients: A Comprehensive Analysis Of
Classification Techniques. Global Journal on Innovation, Opportunities and
Challenges in Applied Artificial Intelligence and Machine Learning [ISSN: 2581-
5156 (online)], 3(1).

Pavithra, M., Rajmohan, R., Kumar, T. A., &Sandhya, S. G. (2021). An Overview of
Convolutional Neural Network Architecture and Its Variants in Medical Diagnostics

of Cancer and Covid-19. Handbook of Deep Learning in Biomedical Engineering and
Health Informatics, 25-49.

Page 20



Global Journal on Innovation, Opportunities and Challenges in AAl and Machine Learning - Vol. 6, Issue 1 — 2022
© Eureka Journals 2022. All Rights Reserved. International Peer Reviewed Referred Journal

Kumar, T. A., Julie, E. G., Robinson, Y. H., &Jaisakthi, S. M. (Eds.). (2021). Simulation and
Analysis of Mathematical Methods in Real-Time Engineering Applications. John
Wiley & Sons.

Kumar, A., Chatterjee, J. M., Choudhuri, A., &Rathore, P. S. (2018, November). A
Collaborative Method for Minimizing Tampering of Image with Commuted Concept
of Frazile Watermarking. In International Conference On Computational Vision and
Bio Inspired Computing (pp. 985-994). Springer, Cham.

Kumar, A. (2018). Face Recognition Using Hog-Bow By Internet Of Things For Security
Applications. International Journal of Recent Advances in Signal & Image
Processing [ISSN: 2581-477X (online)], 2(1).

Bhargava, N., Sharma, S., Kumawat, J. R., & Pandey, A. K. (2017, October). An adaptive
approach of image fusion (HSI and wavelet approaches) for information refinement in
multi image. In 2017 2nd International Conference on Communication and
Electronics Systems (ICCES) (pp. 770-774). IEEE.

de Oliveira, J. E. M., &Dantas, D. O. (2021). Classification of Normal versus Leukemic Cells
with Data Augmentation and Convolutional Neural Networks. In VISIGRAPP (4:
VISAPP) (pp. 685-692).

Swarna, S. R., Kumar, A., Dixit, P., &Sairam, T. V. M. (2021, February). Parkinson’s
Disease Prediction using Adaptive Quantum Computing. In 2021 Third International
Conference on Intelligent Communication Technologies and Virtual Mobile Networks
(ICICV) (pp. 1396-1401). IEEE.

Kumar, T. A., Rajakumar, G., & Samuel, T. A. (2021). Analysis of breast cancer using grey
level co-occurrence matrix and random forest classifier. International Journal of
Biomedical Engineering and Technology, 37(2), 176-184.

Alam, A., & Anwar, S. (2021). Detecting Acute Lymphoblastic Leukemia Through
Microscopic Blood Images Using CNN. Trends in Wireless Communication and
Information Security, 207-214.

Kumar, Abhishek, SwarnAvinash Kumar, Vishal Dutt, Ashutosh Kumar Dubey, and Vicente
Garcia-Diaz. "loT-based ECG monitoring for arrhythmia classification using Coyote
Grey Wolf optimization-based deep learning CNN classifier." Biomedical Signal
Processing and Control 76 (2022): 103638.

A.Kumar, S.Kumar, V.Dutt, S.Narang, A.Dubey “A Hybrid Secured Cloud Platform
Maintenance based on Improved Attributes. Based Encryption Strategies” published
in regular issue in IJIMAI, Indexed by the Science Citiation Index Expanded(Web Of
Science), Universidad International de La Rioja (UNIR). ISSN 1989-1660.

SwarnAvinash Kumar, Harsh Kumar, Vishal Dutt, HimanshuSwarnkar, “Contribution Of
Machine Learning Techniques To Detect Disease In Patients : A Comprehensive
Analysis Of Classification Techniques”Vol 3 No 1 (2019): Global Journal on
Innovation, Opportunities and Challenges in AAI and Machine Learning. ISSN 2581-
5156.

Page 21



Global Journal on Innovation, Opportunities and Challenges in AAl and Machine Learning - Vol. 6, Issue 1 — 2022
© Eureka Journals 2022. All Rights Reserved. International Peer Reviewed Referred Journal

SwarnAvinash Kumar, Kapil Chauhan, AasthaParihar, “Functionality of Classification and
Regression tree in Bioinformatics” Vol 5 No 2 (2021): Global Journal on Innovation,
Opportunities and Challenges in Applied Artificial Intelligence and Machine
Learning. ISSN 2581-5156.

Kumar, S.A. (2021), “Corona Recognition Method Based On Visible Light Color Using
Artificial Intelligence”. AusPatApllication No. AU 2021103067(A4).

Kumar, S.A. (2021), “An Artificial Intelligence AndloT Based Method For Prevention Of
Security Attack On Cloud Medical Data”. AusPatApllication No. AU
2021102115(A4).

Kumar, S.A. (2021), “IOT Based Generic Framework For Computer Security Using Artificial
Immune System”. AusPatApllication No. AU 2021102104(A4).

Kumar, S.A. (2021), “IOT Enabled Wall Climbing Robot For Security”. AusPatApllication
No. AU 2021101471(A4).

Page 22




