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Abstract. The microservices architectural style is gaining more and more momentum for the development of applications as suites of small, autonomous, and
conversational services, which are then easy to understand, deploy and scale.
However, the proliferation of approaches leveraging microservices calls for a
systematic way of analyzing and assessing them as a completely new ecosystem: the first cloud-native architectural style. This paper defines a preliminary
analysis framework in the form of a taxonomy of concepts, encompassing the
whole microservices lifecycle, as well as organizational aspects. This framework
is necessary to enable effective exploration, understanding, assessing, comparing,
and selecting microservice-based models, languages, techniques, platforms, and
tools. Then, we analyze state of the art approaches related to microservices using
this taxonomy to provide a holistic perspective of available solutions.
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Introduction

Microservices is a novel architectural style that tries to overcome the shortcomings of
centralized, monolithic architectures [1,2], in which application logic is encapsulated in
big deployable chunks. In contrast, microservices are small components, built around
business capabilities [3], that are easy to understand, deploy, and scale independently,
even using different technology stacks [4]. Each runs in a dedicated process and communicates through lightweight mechanisms, often a RESTful API.
Several companies have recently migrated, or are considering migrating, their existing applications to microservices [5], and new microservice-native applications and
support tools are being conceived. While the adoption of this architectural style should
help one address the typical facets of a modern software system: for example, its distribution, coordination among parts, and operation, some aspects are still blurred [6].
Like traditional developers, microservice adopters would benefit from a comprehensive support for the whole microservices lifecycle. All in all, the increasing number of
microservice-based approaches calls for a systematic way to analyze and assess them
as a completely new ecosystem: the first cloud-native architectural style [7].
In this context, this paper defines a preliminary analysis framework that captures
the fundamental understanding of microservice architectures in the form of a taxonomy
of concepts, encompassing the whole microservices lifecycle, as well as organizational
aspects. This framework enables effective exploration, understanding, assessing, comparing, and selecting microservice-based models, languages, techniques, platforms, and
tools. We carried out an analysis of state of the art approaches (28 in total) related to microservices using the proposed taxonomy to provide a holistic perspective of available
solutions.

The rest of the paper is organized as follows. Section 2 defines microservices architectures. Section 3 details the proposed taxonomy, and the analysis of state of the
art approaches according to it. Section 4 discusses open challenges distilled from the
previous analysis. Section 5 concludes the paper.

2

Microservices Architectures

The most widely adopted definition of microservices architectures is “an approach for
developing a single application as a suite of small services, each running in its own
process and communicating with lightweight mechanisms, often an HTTP API” [1].In
contrast to monoliths, microservices foster independent deployability and scalability,
and can be developed using different technology stacks [4].
However, this definition can be applied to traditional or RESTful services as well,
which feeds the debate regarding microservices and SOA (Service-oriented Architectures). Although microservices can be seen as an evolution of SOA, they are inherently
different regarding the sharing and reuse aspects. SOA is built on the concept of foster
reuse: a share-as-much-as-possible architecture style, whereas microservices architecture is built on the concept of a share-as-little-as-possible architecture style [8]. Given
that service reuse has often been less than expected [9], instead of reusing existing microservices for new tasks or use cases, they should be “micro” enough to allow rapidly
developing a new one that can coexist, evolve or replace the previous one according to
the business needs [10].

3

A Taxonomy of Microservices Architectures

The first step to delineate the taxonomy comprised a literature review, following the
guidelines for Systematic Literature Review (SLR) proposed in [11]. Although a SLR
is outside the scope of this work, this helped us to organize the process of finding
and classifying relevant literature. We searched for articles indexed in Scopus, Science Direct, IEEE Xplore, ACM Digital Library, SpringerLink, Google Scholar and
Wiley Online. The search strings used were “microservice[s]”, “microservice[s] architecture[s]”, “cloud-native architecture[s]”. The search comprised articles published up
to 2016 (inclusive). Then, we applied snowballing [12], by looking for relevant references included in the works previously found, in order to identify other potential
works. As microservices is a very recent topic, we considered journal, conference and
workshop publications. Finally, we suppressed duplicated papers from the results, since
the search engines and databases are overlapped to a certain extent. After these steps,
the initial collection consisted of 64 potentially relevant works from which we performed a detailed, qualitative analysis in order to exclude different papers of the same
authors/group, incrementally reporting their results, and certain works that used the
term “microservices” with a different meaning.
From this analysis we refined a collection of 46 relevant work1 , classified as: primary studies, that is, literature investigating specifically the research question (using microservices, proposing microservice-oriented frameworks, tools or architectures); and
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secondary studies, that is, literature reviewing primary studies (surveys, reviews and
comparative studies assessing microservices or microservice-based approaches).
The former group (28 approaches, summarized in Table 1) became the target of our
analysis (discussed in Section 4), while the latter was used to identify the concepts (and
disambiguate their definitions) that are potentially relevant for the taxonomy. Additionally, we enriched this taxonomy by leveraging our previous experience with classification frameworks in the context of SOA, both for traditional Web Services [39] and the
most recent RESTful services [40]. Figure 1 presents the taxonomy of concepts that
are defined below. For most of the concepts it is not possible to provide an exhaustive
list of possible values, due to the wide (and growing) variety of approaches. Thus, we
included other as a possible value for completeness.
Design implies thinking about the boundaries of microservices that will maximize their
upsides and avoid some of the potential downsides, focused on loose coupling and high
cohesion as the two key principles of SOA. The architects face this set of decisions,
together with the possible choices, at the earliest stage of the lifecycle. The design space
can be represented in a textual or graphical form, by means of architectural concepts.
Design encompasses the following sub-concepts:
– Design approaches means the preexistence (or absence) of legacy software that
should be transitioned to a microservices architecture, constraining its design [2]. Possible values: brownfield, greenfield.
– Design practices to handle the complexity of microservices architectures into design time [41,42]. Possible values: domain-driven design, design for failure, other.
– Architectural support describing the obligations/constraints to be fulfilled by the
microservices system, and how to apply them into a dynamic context environment [43].
Possible values: reference architectures, model-driven design, other.
Implementation implies being aware of program complexity, due to the thousands of
microservices running asynchronously in a distributed computer network: programs
that are difficult to understand are also hard to write and modify [23]. Also, the implementation should allow continuous evolution, which is often required by the application
domain. Although implementation decisions are correlated with the (cloud) deployment
of the architecture, we divided them for the sake of presentation. Thus, implementation
encompasses the following:
– Technology Stack:
Languages “the right tool for the right job” [44], since microservices foster
polyglot languages. Possible values: formal (using formal languages to some extent),
scripting, object-oriented, ad-hoc (developing a new language for microservices).
Interaction Models refers to the communication flow among components. Possible values: synchronous, asynchronous.
Data Exchange are the protocols used to represent the communication [44].
Possible values: REST/HTTP, RPC-alike, message queues, other.
– Service Interfaces are the different means of specifying contracts (if any) for the
communication of microservices [45]. Possible values: formal (defined through a formal contract), tech-tied (the interface is tied to the implementation technology), ad-hoc
(defined in a novel language).

Table 1. Microservices primary approaches
Id Reference
01 Kratzke et al. [13]

Key Points

Tradeoffs of containerized microservices and Software Defined
Networks (SDNs).
02 Balalaie et al. [4]
Experience report and migration patterns for migration to microservices and DevOps.
03 Bogner et al. [14]
Microservices integration from the enterprise architectures point of
view.
04 Toffetti et al. [7]
Cloud-native applications definition, self-managing monitoring and
scaling.
05 Ciuffoletti [15]
Monitoring-as-a-service for microservices.
06 Florio et al. [16]
Autonomic and self-adaptable containerized microservices.
07 Gabbrielli et al. [17]
Self-reconfiguring microservices using the ad-hoc Jolie Redeployment Optimizer tool.
08 Gadea et al. [18]
Reference architecture to propagate database changes through microservices.
09 Guo et al. [19]
PaaS Architecture based on microservices and containers.
10 Gysel et al. [20]
Systematic approach to decompose a monolith into microservices.
11 Heorhiadi et al. [21]
Failure testing framework for microservices.
12 Kecskemety et al. [22] Methodology to split traditional SOA architectures in microservices.
13 Liu et al. [23]
Agents-oriented language and IDE for developing microservices.
14 Grieger et al. [24]
Model-driven integration of microservices and self-adaptation with
models at runtime.
15 Safina et al. [25]
Data-driven workflows based on microservices, defined in the adhoc language Jolie.
16 Nikol et al. [26]
Multi-tenancy microservice composition by adapting traditional
BPEL workflows.
17 Rahman et al. [27]
Automated acceptance testing architecture for Behavior Driven Development (BDD).
18 Savchenko et al. [28] A framework and platform for microservices validation and testing.
19 Sousa et al. [29]
Multi-cloud architecture with automatic selection of cloud
providers for microservices deployment.
20 Stubbs et al. [30]
Fully decentralized solution to the microservices discovery problem
using Docker, Serfnode and gossip protocol.
21 Sun et al. [31]
Extension to container’s network hypervisor, enabling flexible monitoring and policy enforcement for microservices.
22 Villamizar et al. [32] Infrastructure cost comparison using monolithic and different microservices deployments on the cloud.
23 Yahia et al. [33]
Event-driven lightweight platform for microservice composition,
based on a DSL for describing orchestration.
24 Bak et al. [34]
Context- and location-based microservices for mobile and IoT.
25 Levcovitz et al. [35]
Identification and extraction of candidate microservices in a monolith by dependency graphs of modules and database tables.
26 Meinke et al. [36]
Learning-based testing to evaluate the functional correctness and
robustness of distributed microservices.
27 Viennot et al. [37]
Middleware model for heterogeneous data-driven microservices integration.
28 Amaral et al. [38]
Comparison between two models to deploy containerized microservices: master-slave and nested-container.

Fig. 1. Microservices Taxonomy

– Supporting Systems:
Data Storage usually integrated multiple services in legacy systems, but in microservices architectures it is mandatory to find seams in the databases and use the
right technologies to split them out cleanly [3]. Possible values: SQL, graph-oriented,
document-oriented, other.
Service Discovery should allow clients to make requests to a dynamically changing, large set of transient service instances [30]. Possible values: client-driven (querying
a service registry), server-driven (API gateway, load balancer).
Deployment encompasses how and where services are actually hosted and deployed.
Although the cloud has been adopted as the de-facto platform for microservices [44],
there are several alternatives into and out of the cloud.
– Platform can be customized due to privacy, security or business constraints. Possible values: public cloud, private cloud, in-house.
– Management encompasses the responsive reaction to failures and changing environmental conditions, minimizing human intervention [7]. Possible values: built-in
cloud services (e.g., AWS Cloudwatch and Autoscaling), third-party services (e.g.,
Rightscale, New Relic), ad-hoc solutions (i.e., tied to the particular approach).
Runtime requires extra effort and attention given the number of independent components, log files and interactions, which can affect latency and reliability [3]. Certain
microservices should be deployed and run together, and then monitored in order to detect performance degradation and perform (if possible), the self-adaptation actions to
correct the behavior of the system.
– Virtualization encompasses the different degrees of platform abstraction, isolation and sharing. Possible values: virtual machines (VMs), containers, serverless (i.e.,
Functions-as-a-Service [46]), no virtualization.
– Control loops or MAPE loops (monitor-analyize-plan-execute) allow for different
degrees of self-adaptation. This is challenging in a distributed setting since the overall
system behavior emerges from the localized decisions and interactions. In our view,
approaches can implement one or more stages of the control loop. Possible values:
monitoring, analysis, planning, execution.
– Verification & Validation at runtime, concern the quality assessment of microservices throughout their lifecycle [47]. Possible values: models (at runtime), properties,
other.
Crosscutting Concerns mostly regard QoS aspects that have to be tracked within the
microservices lifecycle, supported by the infrastructure through specific artifacts and
independent of individual microservices.
– Availability and Resilience imply handling both service-level failures and lowlevel failures that demand for persistence and recovery techniques [45]. Possible values:
resilience patterns, fault injection, error-handling policies, resilience tests, other.
– Reliability refers to a system that is capable of perform well without halting,
according to its requirements, and is fault-tolerant. This is particularly challenging for
distributed microservices, threatened by integration and message passing mechanisms.
Possible values: edge servers [4], type checking [25], reliability services [31,37], other.

– Maintaintability can be plainly defined by the premise “you build it, you run it”
which claims for a better understanding of business capabilities, roles and operational
details [48]. Possible values: service templates, models at runtime, other.
– Security vulnerabilities are those of SOA [45], plus the high distribution and
network complexity that pose additional difficulty in debugging, monitoring, auditing
and forensic [31]. Possible values: security contracts, private cloud, other.
– Scalability and elasticity refer to the capability to rapidly adjust the overall capacity of the platform by adding or removing resources, also minimizing human intervention [7]. Possible values: vendor-provided, autonomic MAPE loops, configuration
servers, other.
– Tool Support should be provided given the program complexity, performance criticality and evolutive characteristics of microservices [3] . Possible values: design, programming/developing, testing, deployment/operation.
Organizational Aspects are crucial since organizations produce designs which are
copies of their communication structures. Thus, a siloed organization will produce a
siloed-system, while a DevOps one [4], with development and operations teams organized around business capabilities and collaboration (cross-functional teams) will be
able to produce well-bounded microservices [1,8]. Although this concept is less technical when compared with the previous ones, it is important to understand the complex “organizational rewiring” scenarios that need to be faced when transitioning to
microservices [49], which may imply continuously adapting both the organization and
the architecture, and understand and mediate new requirements and concerns. Possible
values: DevOps, Continuous delivery/deployment/integration practices, other.
Table 2 and Table 3 summarize the analysis of the 28 approaches according to the
taxonomy in Figure 1. The following section discusses the findings and implications of
such an analysis.

4

Discussion and open research challenges

Design approaches are equally distributed between brownfield (9) and greenfield (7).
The design phase is mainly supported through reference architectures and model-driven
design. However, despite the hype and the business push towards microservitization,
there is still a lack of academic efforts regarding the design practices and patterns [10].
Design for failure and design patterns could allow to early address challenges as to bring
responsiveness (e.g. by adopting “let-it-crash” models), fault tolerance, self-healing
and variability characteristics. Resilience patterns such as circuit-breaker and bulkhead
seem to be key enablers in this direction. It is also interesting to understand whether the
design using a stateless model [50] can affect elasticity and scalability as well [43].
Another problem at design time is finding the right granularity level of microservices, which implies a tradeoff between size and number of microservices [10]. Intuitively, the more microservices introduced into the architecture, the higher the level
of isolation between the business functionalities, but at the price of increased network
communications and distribution complexity. Addressing this tradeoff systematically is
essential for assessing the extent to which “splitting” is beneficial regarding the potential value of microservitization.

Table 2. Characterization of microservice approaches (Part 1)
Concept

Value

Approaches

Brownfield

9

Greenfield

02,03,
04,10,12,16,21,22,25
06,07,08,13,15,23,27

Practices

DDD
Design for Failure
Other

10,22
11
17

2
1
1

Architectonic
support

Design Patterns
Reference Architecture
Model-driven Design
Other

02,15
03,05,08,09
13,14,16,19,27
10

2
4
5
1

Tech./
Languages

Semi-formal
Object-oriented
Scripting
Ad-hoc

03,05,16,25
02,05,22
11,23,28
07,10,12,13,14,15,17,
19,21,23

5
3
3
9

Tech./Interaction Model

Synchronous
Asynchronous

02,05,16,22,25,27,28
13,23,25

7
3

REST/HTTP

10

RPC-alike
Other
Message Queues

01,02,06,08,10,11,21,
22,23,24
05,10,21,25
13,20
26,27

Formal
Tech-tied
Ad-hoc

05,08,14,16
02
06,07,10,11,12,18,23

4
2
7

Supp. Syst./
Storage

SQL
NoSQL
Graph-oriented
Document-oriented
Other

02,22,24,25,27
08,27
27
27
15,27

5
2
1
1
2

Supp. Syst./
Discovery

Client-side (discovery
registry)
Server-Side
(APIgateway/LB)
Hybrid

02, 04, 05

3

13

1

20

1

Public Cloud

04,06,07,08,11,12,
19,21,24
04,06,13,18,19
09,28

9

22
02,18
04,05,06,07,08,09,12,13,
14,16,19,20,23,27

1
2
14

Approach

Design

Implementation

Tech./ Data
Exchange

Service
Interfaces

Platform
Deployment

Private Cloud
In-house
Management

built-in cloud services
third-party services
ad-hoc solution

Total

7

4
2
2

5
2

Table 3. Characterization of microservice approaches (Part 2)
Concept

Value

Approaches

Virtual Machines

Serverless
No virtualization

01,04,07,12,13, 19,
21,22,28
01,02,04,05,06,07,08,09,
11,12,14,16,19,20,22,28
22
01,07,28

Control Loop
(MAPE-K)

Monitoring
Analysis
Planning
Execution
Shared Knowledge

05,06,08,14,20,21,24,26
06,08,14,26
06,26
06,26
06

8
4
2
2
1

Verification &
Validation

Models
Properties
Other

03,14,19,26
15
05,11,17,18,24

4
1
5

Availability
(resilience)

Patterns
Fault Injection
Error-handling Policies
Resilience Tests
Other

02,11,20
11,26
23
11
04,10,27

3
2
1
1
3

Reliability

Edge servers
Type Checking
Reliability Services
Other

02
15
21,27
04,13

1
1
2
2

Maintainability

Service Templates
Models@Runtime
Other

02
14
15

1
1
1

Security

Security Contracts
Private Orchestrators
Other

21
23
10

1
1
1

Scalability
(elasticity)

Vendor-provided
Auto. MAPE loop
Configuration Server
Other

04,21,22,27
06
02,07
02,27

4
1
2
2

Tool Support

Design
Programming
Testing tools
Deployment/Operation

03,09,10,13,16,25
09,13,15
09,11,17,18,26,28
02,05,07,09, 16,19,27

6
3
6
7

DevOps
CD/CI/CM

02,07,24
02,13,18

3
3

Virtualization

Runtime

Crosscutting
Concerns

Organizational Aspects

Containers

Total
9
16
1
3

Implementation approaches mostly define their own, ad-hoc languages (9) for programming microservices or defining different parts of their architecture (e.g., in the form of
DSLs). Some of those provide semi-formal support, by embracing standards such as
MOF (Meta Object Facility) [14] or OCCI (Open Cloud Computing Interface) [15]. Interestingly, microservices architectures are intuitively associated to lightweight, scripting languages such as JavaScript or Python, which is not reflected explicitly in the
analyzed literature [44].
Regarding the interaction model, the vast majority choose the synchronous one
(7) rather than the asynchronous (3). Interestingly, microservices are most suitable for
asynchronous communication, bringing performance, decoupling and fault-tolerance,
but the paradigm shift implied has not been overtaken yet in practice. Synchronous
request-response model is still easier to understand and implement, and much common
in monolith systems (brownfield) but hinders decentralization, availability and performance. The transition from synchronous to asynchronous models calls for further analysis.
RESTful HTTP communication is the most widespread data exchange solution (10),
being the de-facto standard to implement microservices. Message queues is not as
adopted as expected, in concordance with the lack of proposals adopting asynchronous
interaction models. Regarding interfaces, their ad-hoc definition (7) is the rule. This
suggests not only that microservices are being used in-house, with contracts negotiated
between different teams/people inside the company, but also that they are not supposed
to be reused but to be (re)developed entirely from scratch to fulfill new requirements.
The recent efforts on standardizing RESTful APIs through OpenAPI specifications2
seem interesting and also applicable to specify microservices [51].
Finally, SQL is still the common choice for storage (5) even considering the benefits
and hype for NoSQL databases (5 among the different options). This can be related to
the fact that brownfield approaches inherit legacy databases and their migration is not
straightforward. This also opens a question mark regarding the splitting and migration
of data to fully exploit microservices advantages of data governance and data locality.
Finally, discovery approaches are not so common (4), which suggests that more research
is needed in this topic, given its importance in microservice architectures [30].
Deployment appears as a broadly discussed topic in the literature. Public cloud is the
de-facto standard for deploying microservice applications (9) which confirms the increasing adoption of XaaS platforms. For deployment management, several approaches
(14) propose their own ad-hoc solutions. There seems to be a mistrust regarding built-in
services of cloud providers, which sometimes result too rigid [52] or cumbersome to
configure and adjust [50]. However, these solutions are growing in variety and usability
(e.g., AWS offering around 1000 new features per year3 ), and we believe that they will
become the standard to deploy and manage cloud microservices in the near future.
Runtime shows that containers and microservices seems to be the perfect marriage (16).
Even though, virtual machines are also widespread (9). However, only one approach
2
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https://www.openapis.org/
https://techcrunch.com/2016/12/02/aws-shoots-for-total-cloud-domination/

considered serverless functions, also known as Functions-as-a-Service or FaaS4 . FaaS
appeared as a disruptive alternative that delegates the management of the execution environment of application functionality (in the form of stateless functions) to the infrastructure provider [46]. However these new solutions bring together new challenges5 ,
among others: determine the sweetspots where running code in a FaaS environment
can deliver economic benefits; automatically profile existing code to offload computation to serverless functions; bring adequate isolation among functions; determine the
right granularity for functions to exploit data and code locality; and provide methods to
handle state (given that functions are stateless by definition).
Only one approach provides the full control loop to manage microservice applications at runtime, while the vast majority provide monitoring facilities (8) with other purposes rather than self-adaptation (e.g., profiling, verification, service discovery). Verification & Validation at runtime is not yet widespread among microservices approaches,
which calls for further research. Some approaches provide static V&V at model level
(4), while a few provide dynamic testing and monitoring.
Crosscutting Concerns. Regarding availability and resilience, a few approaches (3) use
resilience patterns6 such as circuit breaker and bulkhead, while others provide their adhoc availability solutions [7]. Reliability is another aspect that calls for coverage (4).
The challenges regarding reliability come from the microservices integration mechanisms: network integration and message passing is unreliable [45]. Maintainability is
not particularly addressed (3), even if in practice an abuse of the freedom of choice
(polyglot languages and persistence) could result in a chaos in the system and make it
even unmaintainable [4]. Consequently, it is important to investigate how standards,
good practices, processes and frameworks can help to organize (and automate) microservices maintainability.
Security is not extensively addressed (3), even though the microservices ecosystem
makes monitoring and securing networks very challenging due to the myriad of small,
distributed and conversational components: microservices are often designed to completely trust each other, therefore the compromise of a single microservice may bring
down the entire application [31]. The main on-going trends in security are either monitoring techniques for SDNs inspired by their physical counterparts TAP (Test Access
Point) and SPAN (Switch Port Analyzer), which can then be combined with a policy enforcement infrastructure [31]; or application-based security approaches7 , which gather
information to build ad-hoc application profiles and then use them to detect anomalous
patterns. Surprisingly, only a few approaches addressed scalability, with four of them
relying in the cloud vendor to achieve it. Again, the adoption of serverless functions
can go one step beyond on this concern, since once deployed, the cost and effort in
operation, scaling and load balancing these functions are reduced to zero.
Finally, various approaches provided tool support for the different activities. A few
of them for programming activities, mostly relying in well known IDEs as common sohttps://martinfowler.com/articles/serverless.html
https://blog.zhaw.ch/icclab/research-directions-for-faas/
6 http://microservices.io/patterns/
7 E.g., Netflix Fido – https://github.com/Netflix/Fido
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lution. For the rest of the lifecycle, design activity (6) is supported, for example, through
an ad-hoc PaaS [19], a decomposition tool based on cross-cutting concerns [20], and a
design tool to define multi-tenant BPEL-based microservices [26]. Testing (6) is supported through a resilience testing framework [21], and a tool to generate and manage
reusable acceptance tests [27]. Finally, Deployment/Operation (7) is supported through
a reconfigurator for the ad-hoc language Jolie [17], and a tool for automatic setup of
multi-cloud environments for microservices [29].
Organizational Aspects are not fully or explicitly addressed yet, with 3 approaches
mentioning the adoption of DevOps (which implies an organizational rewiring, equivalent to the adoption of Agile methodologies) and other 3 adopting only certain key
practices (Continuous Delivery, Integration, Management). It would be interesting to
link more explicitly microservices with the DevOps movement. DevOps seems to be
a key factor in the success of this architectural style [4], by providing the necessary
organizational shift to minimize coordination among the teams responsible for each
component and removing the barriers for an effective, reciprocal relationship between
the development and operations teams.
Additionally, the literature reports different socio-technical patterns to ease organizational rewiring [49], which can pave the ground for the transition towards microservices. For example, Sociotechnical-Risks Engineering, where critical architecture elements remain tightly controlled by an organization and loosely coupled with respect to
outsiders; or Shift Left, where organizational and operational concerns (for example,
development-to-operations team mixing) are addressed earlier (“left”) in the life cycle
toward architecting and development.

5

Conclusions

Microservices architectures are fairly new, but their hype and success is undeniable.
This paper presented a preliminary analysis framework that captures the fundamental
understanding of microservices architectures in the form of a taxonomy of concepts, encompassing the whole microservices lifecycle, as well as organizational aspects. This
framework is necessary to enable effective exploration, understanding, assessing, comparing, and selecting microservice-based models, languages, techniques, platforms, and
tools. We carried out an analysis of state of the art approaches related to microservices
using the proposed taxonomy to provide a holistic perspective of available solutions.
Additionally, from the results of the literature analysis, we identified open challenges for future research. Among them, the early use of resilience patterns to design
fault-tolerant microservice solutions, the standardization of microservice interfaces, and
the development of asynchronous microservices. Special attention should be given to
the latent use of serverless architectures to deploy and manage microservices. They
have the potential to become the next evolution of microservices [53], to event-driven,
asynchronous functions, because the underlying constraints have changed, costs have
reduced, and radical improvements in time to value are possible.
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