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Abstract. Multi-Agent Systems has existed for decades and has focused
on principles such as loose coupling, distribution, reactivity, and local
state. Despite substantial tool and programming language research and
development, industry adoption of these systems has been restricted,
particularly in the healthcare arena. Artificial intelligence, on the other
hand, entails developing computer systems that can execute tasks that
normally require human intelligence, such as decision-making, problem-
solving, and learning. The goal of this article is to develop and implement
an architecture that includes multi-agent systems with microservices,
leveraging the capabilities of both methodologies in order to harness the
power of Artificial Intelligence in the healthcare industry. It assesses the
proposed architecture’s merits and downsides, as well as its relevance
to various healthcare use cases and the influence on system scalability,
adaptability, and maintainability. Indeed, the proposed architecture is
capable of meeting the objectives while maintaining scalability, flexibility,
and adaptability.
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1 Introduction

Artificial Intelligence (AI) has been making significant contributions to the
healthcare sector, especially in hospitals, where the complexity of healthcare
systems necessitates advanced technologies to enhance patient outcomes. Multi-
Agent Systems (MAS) are one of the AI technologies that are being utilized
to support architecture in the instantiation of AI applications in hospitals. The
inclusion of AI applications in this environment requires a solid structural back-
bone [1]. In this research, we aim to explore two of the main frameworks for the
deployment of such applications, their comparison and how they can work in
together to achieve scalability, modularity and robustness.



2 A. Chaves et al.

As a research field, MAS, has existed since the late 1980s. Since its incep-
tion, notions such as loose-coupling, distribution, reactivity and isolated (local)
state have been core concepts [2]. While the notion of an agent has been widely
researched and a large range of tools and programming languages developed,
there has been little real adoption of these languages and tools within industry.
AI refers to the development of computer systems that can perform tasks that
usually require human intelligence, such as problem-solving, decision-making,
and learning. These systems can be trained using machine learning algorithms
that enable them to recognize patterns in data and make predictions or decisions
based on that information.

Microservice architecture, on the other hand, is a software development ap-
proach that focuses on breaking down complex applications into smaller, modular
services that can be developed, deployed, and scaled independently [3]. Each ser-
vice runs its own processes and communicates with other services via lightweight
protocols, allowing for greater flexibility, agility, and scalability [4]. Overall, these
three concepts - AI, microservice architecture, and multi-agent systems - are all
essential components of modern software development and have the potential
to transform the healthcare industry by improving patient outcomes, reducing
costs, and increasing efficiency.

In this paper, we will explore the use of microservice architecture and multi-
agent systems for implementing AI in the healthcare field. Specifically, we will
examine the benefits and drawbacks of the combined approach, its applicability
to different healthcare use cases, and their impact on system scalability, flexibil-
ity, and maintainability. By analyzing these factors, we aim to provide insights
into the usability of the now called Multi-Agent Microservices and whether its
application in the healthcare sector can be of use.

2 Background

The goal of the background material presented here is to illustrate the funda-
mental ideas behind AI, Microservice architecture, and MAS, as well as how
contemporary research has been able to use these ideas in both theoretical and
practical contexts. AI has received a lot of interest recently in the healthcare
sector due to its potential to enhance patient outcomes, save costs, and boost
productivity. There are numerous methods for putting AI into practice as it
develops, including multi-agent systems and microservice architecture.

2.1 Microservice Architecture

Smaller, modular services that can be created, deployed, and scaled indepen-
dently are what is meant by the term "microservice architecture" in the context
of software development. Greater flexibility, agility, and scalability are possible
thanks to the fact that each microservice manages its own processes and commu-
nicates with other microservices using simple protocols. Building an application
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as a group of loosely coupled, independently deployable services is the funda-
mental concept behind microservices. This makes it simpler to develop, test, and
deploy new features because developers can work on each service independently
without affecting the rest of the application [5].

Greater flexibility and scalability are two of microservices’ main advantages.
It is simpler to add new functionality to the application without affecting the
rest of the system because each microservice can be developed and deployed
independently. Greater fault-tolerance is also made possible because a failure in
one microservice does not always have an impact on the entire system. Addi-
tionally, microservices can be scaled horizontally by adding more instances of a
specific service, making it easier to handle high traffic loads [6].

Microservice architecture does, however, present some difficulties. More coor-
dination and communication between microservices are needed, as well as more
infrastructure for fault tolerance, load balancing and service discovery. Addition-
ally, it calls for a higher level of technical proficiency from developers, who must
be knowledgeable of related technologies such as distributed systems, message
queues, and others.

Generally speaking, microservice architecture offers a more modular and
adaptable method of developing software, enabling greater agility and scalability.
Its suitability depends on the particular use case and project requirements, but
it has become increasingly well-liked in recent years as a means of developing
large-scale, complex applications [7].

2.2 Multi-Agent Systems

MAS are a class of AI systems that employs a number of intelligent agents
working together to accomplish a single objective [8]. Each agent is a software
entity with the ability to perceive its surroundings, think through its actions,
and interact with other agents to plan out their actions [9]. The fundamental
idea behind MAS is to represent complex systems as a group of autonomous
agents that communicate with one another and their surroundings. In the cre-
ation of a multi-agent system, a certain group of high level abstractions should
be successfully utilized. For example, agents are autonomous entities with in-
dependent spheres of control that are positioned in environments and engage
in social interaction. These agents are capable of observation and utilisation of
their surroundings and resources. The interactions between agents and other re-
sources are defined functionalities which can be limited and further defined by
organizational rules [10].

There are, however, some difficulties with MAS as well. When there are
competing objectives or worldviews, it can be complicated and challenging to
coordinate the actions of several actors. Additionally, developers need to have a
greater degree of competence because MAS demand them to be knowledgeable
about technologies like distributed systems, agent-based modeling, and other
relevant fields [11].

Overall, MAS provide an effective method for simulating complex systems
and enhancing their behavior. Its appropriateness depends on the particular use
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case and project objectives, but it has drawn a lot of attention recently as a way
to boost coordination and efficiency across a number of industries [12].

2.3 Artificial Intelligence in Healthcare

Artificial intelligence is a sub-field of computer science that focuses on the cre-
ation of intelligent robots capable of conducting tasks that normally require hu-
man intellect, such as sensing, reasoning, learning, decision making, and natural
language processing [13]. Large volumes of data inputs and outputs are used by
these algorithms to identify patterns and effectively "learn" in order to teach the
computer to make autonomous suggestions or conclusions [14]. Overall, artificial
intelligence has the potential to alter numerous sectors, including healthcare, by
giving intelligent assistance with decision making, diagnosis, and treatment.

Examples of intelligent AI applications in healthcare span across different
fields. [15] reviewed different Machine Learning algorithms applied for the diag-
nosis of chronic diseases from 2015 until 2019. While the issue does not target
a specific type or group of chronic diseases, researchers were able to deduce the
best models for prediction over an entire subset of disorders.

Another interest of AI in healthcare is its application in Medical Imaging
processing and symptom detection. Both [16] and [17] proposed Deep Learning
frameworks for the prediction of and analysis of different medical images.

3 Proposed Architecture

Multi-agent systems involve the development of intelligent software agents that
can interact with each other to achieve a common goal [18]. Each agent is ca-
pable of autonomous decision-making and can communicate with other agents
to exchange information and coordinate actions [19]. Microservices, on the other
hand, involve breaking down a large application into smaller, modular services
that can be developed and deployed independently. Each microservice focuses
on a specific functionality, and communicates with other microservices through
standardized interfaces. Modern large-scale software development practices use
microservices. They have clearly proven their potential as a tool for developing
systems at scale, despite not being an all-encompassing answer [20]. The case
study presented hereby, relies on two different proposed applications which em-
ploy AI models in order to achieve their goals. Figure 1 aims to explain how
different context specific applications can make use of their own structure of a
group of microservices which activate intelligent agents in order to preform their
specific tasks.

By combining these two approaches, it is possible to develop intelligent soft-
ware systems that consist of multiple autonomous agents that interact with each
other through well-defined APIs. Each agent can represent a specific functional-
ity or service, and can communicate with other agents to exchange information
and coordinate actions [6]. This architecture allows for the exposure of Intelli-
gent Agents’ capabilities through RESTful APIs, with an impact on how MAS
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Fig. 1. Proposed architecture comprised of Microservices and Multi-Agent Systems

are viewed and implemented, making it easier to incorporate agile development
techniques and modify how agents are accessed and utilized, resulting in systems
that are quicker and more intelligent [21].

The sequence diagram in Figure 2, an explanation is drawn on how the expo-
sure of the intelligent agents’ capabilities through the microservice architecture
can aid in scabalility, responsiveness and overall better organization in the ser-
vices provided. In the diagram, the User, through a provided Graphical User
Interface can request different actions in the same application context through
different microservices, thus reducing server overload and obtaining better per-
formance. On another note, this architecture can help with better load-balancing
on the more utlized microservices without the need for the entire system to be
replicated and run in parallel.

Overall, the combination of multi-agent systems and microservices can lead
to more intelligent and modular software applications that are better suited to
handle complex and dynamic environments.

4 Discussion

The fusion between MAS and Microservices has been growing in interest among
the academic community, with different applications in mind [22]. MAMS is
a term that arises from the belief that organizations combine outward-facing
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Fig. 2. Sequence Diagram for the Architecture

customer service agents while concealing internal worker agents. The most sig-
nificant benefit of this technology is that it is now feasible to create packaged
components that use agent-level reasoning as common practice [23]. The archi-
tecture allows for the deployment of decentralized Multi-Agent Systems, while
also enabling easier exposure to the Intelligent Agents’ actions.

In order to analyze the prospected architecture, some pros and cons of its
utilization need to be taken into consideration:

- In terms of scalability, the microservice architecture offers the possibility to
independently boost a desired service’s responsiveness, through replication
or changes in memory allocation.

- The architecture can leverage both MAS and MS for flexibility and mod-
ularity. Agent-Service combinations can easily be altered without affecting
the rest of the system. Also, MAS stands out for its capacity in modeling
complex systems and the integration or modification of Microservices and
Agents can be performed seamlessly [24].

- Decentralizing services facilitates the fault tolerance and high availability.
With the autonomous nature of MAS, the coupling of MS and IA allows its
independent work without the need for centralized control in distribution.

It is also important to review the drawbacks of implementing the proposed
architecture. These are more development centered but still impose some diffi-
culties to deployment.
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- Generally speaking, the MS architecture relies on additional resources to
run and this may affect the need for scalability options if/when resources
are limited.

- Both MAS and MS are applied in complex systems and the modularity
should require additional security constraints to ensure system access control.

- It is crucial to give the Healthcare Information System architecture the abil-
ity to support communication across various, otherwise isolated systems,
avoiding their centralization and dispersion of End-to-End connections [25].
The integration of MS relies on stability of its communication and interop-
eration protocols.

5 Conclusions

In this paper, we discuss the importance and applicability of the Microservice
Architecture, and the possibility of combination with Multi Agent Systems for
the deployment of intelligent applications in the healthcare scope.

A Multi-Agent Microservice architecture proves to be an appropriate method-
ology for developing intelligent healthcare systems. We may achieve great scal-
ability, flexibility, and modularity by breaking down the system into separate
agents, each accountable for a certain job. Furthermore, by combining this ar-
chitecture with various AI models, we can create a system that can learn from
data, reason, and make intelligent decisions. However, there are some drawbacks
to using this architecture, such as complexity, integration, overhead and secu-
rity. As a result, before using this design in a healthcare system, it is critical
to carefully weigh the benefits and cons. Overall, we think that a Multi-Agent
Microservices architecture has the potential to transform healthcare by deliver-
ing tailored and intelligent healthcare services. Additionally, the importance of
a solid architecture when combined with rapidly growing AI models will allow
for faster and more reliable versioning of production ready applications, with-
out compromise in uptime. The proposed Multi-Agent Microservice architecture
will also benefit from intrinsic decentralized architecture advantages, especially
in terms of application access in downtime situations.

Acknowledgements This work has been supported by FCT (Fundação para a
Ciência e Tecnologia) within the R&D Units Project Scope: UIDB/00319/2020.

References

1. Cristani, M., Pasetto, L. & Tomazzoli, C. Protecting the environment: A multi-
agent approach to environmental monitoring. Proceedings Of The Design Society. 1
pp. 161-170 (2021)

2. Benhajji, N. & Roy, D. & Anciaux, D. Patient-centered multi agent system for
health care, IFAC-PapersOnLine, Volume 48, Issue 3, 2015



8 A. Chaves et al.

3. Munaf, R. M. & Ahmed, J. & Khakwani, F. & Rana, T., "Microservices Architec-
ture: Challenges and Proposed Conceptual Design," 2019 International Conference
on Communication Technologies (ComTech), Rawalpindi, Pakistan, 2019, pp. 82-87,
doi: 10.1109/COMTECH.2019.8737831.

4. Francesco, P. D. & Malavolta, I. & Lago, P., "Research on Architecting Microser-
vices: Trends, Focus, and Potential for Industrial Adoption," 2017 IEEE Interna-
tional Conference on Software Architecture (ICSA), Gothenburg, Sweden, 2017, pp.
21-30, doi: 10.1109/ICSA.2017.24.

5. M. Villamizar et al., "Evaluating the monolithic and the microservice archi-
tecture pattern to deploy web applications in the cloud," 2015 10th Comput-
ing Colombian Conference (10CCC), Bogota, Colombia, 2015, pp. 583-590, doi:
10.1109/ColumbianCC.2015.7333476.

6. V. Heorhiadi, S. Rajagopalan, H. Jamjoom, M. K. Reiter and V. Sekar, "Gremlin:
Systematic Resilience Testing of Microservices," 2016 IEEE 36th International Con-
ference on Distributed Computing Systems (ICDCS), Nara, Japan, 2016, pp. 57-66,
doi: 10.1109/ICDCS.2016.11.

7. H. Kang, M. Le and S. Tao, "Container and Microservice Driven Design for Cloud
Infrastructure DevOps," 2016 IEEE International Conference on Cloud Engineering
(IC2E), Berlin, Germany, 2016, pp. 202-211, doi: 10.1109/IC2E.2016.26.

8. Agrawal, A., Won, S., Sharma, T., E, M. & Mccomb, C. A multi-agent reinforcement
learning framework for intelligent manufacturing with autonomous mobile robots.

9. Radisic-aberger, O., Weisser, T., Sabmannshausen, T., Wagner, J. & Burggr?f,
P. Concept of a Multi-Agent System for Optimised and Automated Engineering
Change Implementation. Proceedings Of The Design Society. 2 pp. 1689-1698 (2022)

10. Cocho-bermejo, A. & Navarro-mateu, D. User-centered Responsive Sunlight Re-
orientation System based on Multiagent Decision-making, UDaMaS. Proceedings
Of The International Conference On Education And Research In Computer Aided
Architectural Design In Europe. 2 pp. 695-704 (2019)

11. Calvaresi, D., Albanese, G., Calbimonte, J. & Schumacher, M. SEAMLESS: Sim-
ulation and Analysis for?Multi-Agent System in Time-Constrained Environments.
Lecture Notes In Computer Science (including Subseries Lecture Notes In Artifi-
cial Intelligence And Lecture Notes In Bioinformatics). 12092 LNAI pp. 392-397
(2020)

12. Rehman, H., Pulikottil, T., Estrada-jimenez, L., Mo, F., Chaplin, J., Barata, J.
& Ratchev, S. Cloud Based Decision Making for Multi-agent Production Systems.
Lecture Notes In Computer Science (including Subseries Lecture Notes In Artificial
Intelligence And Lecture Notes In Bioinformatics). 12981 LNAI pp. 673-686 (2021)

13. Simmons, A. B. &Chappell, S. G., "Artificial intelligence-definition and practice,"
in IEEE Journal of Oceanic Engineering, vol. 13, no. 2, pp. 14-42, April 1988, doi:
10.1109/48.551.

14. Helm, J.M. & Swiergosz, A.M.& Haeberle, H.S. et al. Machine Learning and Arti-
ficial Intelligence: Definitions, Applications, and Future Directions. Curr Rev Mus-
culoskelet Med 13, 69–76 (2020). https://doi.org/10.1007/s12178-020-09600-8

15. Battineni, G. & Sagaro, G.G. & Chinatalapudi, N. & Amenta, F. Applications
of Machine Learning Predictive Models in the Chronic Disease Diagnosis. J. Pers.
Med. 2020, 10, 21. https://doi.org/10.3390/jpm10020021

16. Kowsari, K. & Sali, R. & Ehsan, L. & Adorno, W. & Ali, A. & Moore, S.
& Amadi, B. & Kelly, P. & Syed, S. & Brown, D. HMIC: Hierarchical Medi-
cal Image Classification, A Deep Learning Approach. Information 2020, 11, 318.
https://doi.org/10.3390/info11060318



Intelligent Systems in Healthcare: an Architecture proposal 9

17. Minaee, S. & Kafieh, R.& Sonka, M. & Yazdani, S. & Soufi, G.,
Deep-COVID: Predicting COVID-19 from chest X-ray images us-
ing deep transfer learning, Medical Image Analysis, Volume 65, 2020,
101794, ISSN 1361-8415, https://doi.org/10.1016/j.media.2020.101794.
(https://www.sciencedirect.com/science/article/pii/S1361841520301584)

18. Shakshuki, Elhadi & Reid, Malcolm. (2015). Multi-Agent System Applications in
Healthcare: Current Technology and Future Roadmap. Procedia Computer Science.
52.

19. Cardoso, Luciana & Marins, Fernando & Portela, Filipe & Santos, Manuel &
Abelha, António & Machado, José. (2014). A Multi-agent Platform for Hospital
Interoperability. 291. 10.1007/978-3-319-07596-9_14.

20. Collier, Rem & O’Neill, Eoin & Lillis, David & O’Hare, Gregory. (2019). MAMS:
Multi-Agent MicroServices. 655-662. 0.1145/3308560.3316509.

21. Carneiro, J., Alves, P., Marreiros, G. & Novais, P. A Multi-agent System Frame-
work for Dialogue Games in the Group Decision-Making Context. Advances In In-
telligent Systems And Computing. 930 pp. 437-447 (2019)

22. Zouad, S. & Boufaida, M. 2021. Using Multi-Agent Microservices for a Bet-
ter Dynamic Composition of Semantic Web services. In Proceedings of the
4th International Conference on Advances in Artificial Intelligence (ICAAI
20). Association for Computing Machinery, New York, NY, USA, 47–52.
https://doi.org/10.1145/3441417.3441423

23. O’Neill, E. & Lillis, D. & O’Hare, Gregory M.P. & Collier, Rem W. 2020. Explicit
Modelling of Resources for Multi-Agent MicroServices using the CArtAgO Frame-
work. In Proceedings of the 19th International Conference on Autonomous Agents
and MultiAgent Systems (AAMAS ’20). International Foundation for Autonomous
Agents and Multiagent Systems, Richland, SC, 1957–1959.

24. Pathirana, S., Asirvatham, D. & M’djohar, M. Applicability of multi-agent systems
for electroencephalographic data classification. Procedia Computer Science. 152 pp.
36-43 (2019)

25. Miranda, Miguel & Salazar, Maria & Portela, Filipe & Santos, Manuel & Abelha,
António & Neves, José & Machado, José. (2012). Multi-agent Systems for HL7 Inter-
operability Services. Procedia Technology. 5. 725–733. 10.1016/j.protcy.2012.09.080.


