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Abstract. In a Service-Oriented Architecture (SOA), the need for ser-
vice evolution comes from service providers and their clients due to
changes in requirements and environments. However, enabling controlled
service evolution is a critical challenge for the developers since services
may be part of different business processes and depend on other ser-
vices. This paper presents the state of the art of service evolution and
in particular, of service co-evolution. The paper also gives an outlook
to an emerging trend named microservice and analyzes its advantages
and challenges related to service co-evolution. The survey aims to pro-
vide a technical overview document to researchers and practitioners who
are building industrial-strength adaptive applications related to service
co-evolution.
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1 Introduction

Service-Oriented Architecture, or SOA, has become a widespread paradigm that
provides a flexible IT infrastructure to cope with the increasing pace of business
changes and global competition for more than 20 years. As time goes by, our
private life and business have been increasingly dependent on SOA applications
[1]. Besides, the appearance of Cloud Computing [2] and the Internet of Things
[3] or the Web of Things [4] has reinforced this trend even more. The downside of
this trend is increasing the complexity of service landscapes. This complexity is
due to the sheer size of these systems, the interdependent services, the different
levels of service abstractions, the microservice environments and the like. This
complexity makes service management as a whole a very substantial challenge
for service providers [1].

The fundamental building block of SOA is a service that may play any of
the three roles involving service provider, service broker and service consumer.
An SOA service is referred to as a discrete entity that can be accessed remotely,
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acted on, and updated independently. In the SOA context, the term service
evolution is defined as a continuous development of service and expressed by
the provisioning and decommissioning of different variants of the service called
versions [35]. Another term named service co-evolution refers to a coordinated
service evolution [1,10]. Up to date, both of these terms are critical ingredients
of the service life-cycle.

A critical question related to SOA services is why we need service evolution
and coordinated service evolution (hereby, we denote these terms as (co) evolu-
tion). On the one hand, a service (co) evolution is raised in order to satisfying
requirements from clients [7]. The requests for adjustments concerning services
are usually started from clients for additional functionalities or bug reports. And
if the requirements are not satisfied, the clients may switch to another offer. On
the other hand, service providers adapt and evolve to the new market trends
and attract more clients. Thus, the need for a rapid (co) evolution comes from
both service providers and their clients due to the change of requirements and
environments [9].

Furthermore, in distributed networks of large-scale environments, every ser-
vice may depend on other services to avail of certain functionalities. It implies
that a change in one service can result in changes in the other service. To pre-
vent outages and failures caused by individual service modifications and updates,
coordinated changes are required in such complex systems, i.e., interdependent
services must evolve together to maintain compatibility and ties. This phe-
nomenon is called the co-evolution of involved services and contains the meaning
of coordination and cooperation of services for co-evolving activities of changes.

Service co-evolution can be seen as a particular case of service evolution
[10]. Currently, there is limited support for software service co-evolution since
the issue of co-evolution presents intrinsic difficulties. Therefore, this study is
intended to systematically review the available literature on service evolution
towards service co-evolution.

Our main contributions are as follows: first, we explore and develop a taxon-
omy for evolutionary changes in SOA environments; second, we review existing
approaches for service (co) evolution; third, we discuss and analyze challenging
issues related to service (co) evolution.

The rest of the paper is structured as follows: Sect. 2 presents briefly the foun-
dation of service evolution, beginning from software evolution. Section 3 proposes
a change taxonomy. Section 4 analyses existing solutions supporting service (co)
evolution. Section 5 identifies particular challenges regarding microservice envi-
ronments. Finally, Sect. 6 concludes the paper.

2 Foundation

In this section, we explore the related contributions in the field of service (co)
evolution. We firstly introduce the early contributions to software evolution as
the fundamentals of service evolution. In this area, the majority is focused on
the laws, the model of software or architectures to facilitate software evolution.
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Over time, software evolution has been facing various challenges in order to
adapt to new requirements from service providers or service users. In this stage,
researchers tried hard to develop the architectures, tools and frameworks to
enable the software to be reconfigured at runtime on-the-fly.

2.1 Software Evolution

Software evolution is of great importance in satisfying user requirements under
specific changes in the environment [9]. Substantial works have been conducted
in related areas promoting software evolution.

In the early days, the term software evolution referred to general software
maintenance and configuration. Later, this term has been distinguished as a
phase that adapts application software to ever-changing user requirements and
operating environments. At the same time, the term maintenance is used to refer
to post-delivery activities [11,38].

Nowadays, it is widely accepted that continuous changes are a critical fea-
ture of evolution. One of the important research works on software evolution
was investigated by Lehman and his colleagues [12], who presented the famous
eight laws of software evolution. On the one hand, these laws describe a balance
between forces driving new developments. On the other hand, the laws force that
slow down progress. In their studies, Lehman et al. [12,13] considered that the
changing and adapting requirements from the real-world software systems drive
the application to evolve with inevitable and continual feedback. The authors
concluded that evolution is an intrinsic and feedback-driven property of software.

Even though Lehman’s laws of software evolution have been widely accepted
and became basic knowledge of software engineers, there has been no trans-
parency systematic work to fully validate the laws on software quality evolution
[14]. Furthermore, most of the rules are just for solving the problems in general
static maintenance or software evolution.

In practice, there is a large body of research results available for managing
software evolution. These studies fall into the following classifications: (i) ana-
lyzing the evolution trend of a software system over a long period of time; (ii)
developing effective techniques to support software evolution [38].

At present, researchers have focused on solving two challenging aspects. The
first challenge is how to evolve the software. And the second one is how to react
with software that has evolved. To the former question, the traditional solution
is to improve software development and deployment approaches. With regard
to the latter, the users of services have to deal with incompatible interfaces of
modified modules and adapt to these changes.

With the advancement of software engineering, the software execution envi-
ronment has become more dynamic and complex. Traditional methods of main-
tenance and software evolution face major challenges related to various rapidly
changing customer requirements. Therefore, some researchers have proposed new
models and tools for evolving the software at runtime. For instance, DYnamic
MOdification System (DYMOS) by Insup Lee [15] presented general principles
for modifying the running software system. Later, K-Component by Dowling et
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al. [16] defined a meta-model for software architecture to provide possibilities for
dynamic adaptation. In 2003, OSGi (Open Service Gateway initiative) was pro-
posed by researchers at IBM and SUN aiming to improve the practical use of the
limited resources in the embedded devices. These architectures are important in
the field of software evolution [17].

In general speaking, researchers described these solutions for software evo-
lution as static software evolution and dynamic software evolution. The static
software evolution refers to refactoring the software at the development stage
and then install the new version by shutting down the running application. The
static software evolution could make the software temporarily unavailable and
thus it may cause delays for enterprise business. The dynamic evolution refers
to adjusting the behavior of the software at runtime without breaking down
the business. Clearly, dynamic evolution improves the software adaptability and
can be more competitive in the modern complex and distributed environments.
However, the dynamic software evolution also poses more complex challenges as
users attempt to apply themselves to the large-scale distributed environment.

Besides, through an extensive survey, Feng-lin et al. [18] discovered that soft-
ware evolution is closely related to the changing code, module and architecture
and its most recent work is on evolution requirements.

In summary, the existing approaches have provided a strong foundation in
the development of software evolution. However, these approaches lack aspects of
coordinated, distributed evolution where the resolution of service dependencies
have to be negotiated with other services.

2.2 Service Evolution

Let us first briefly define the basic terminology used in this paper. This is nec-
essary because there is no general agreement on the terminology in the wider
service (co) evolution community.

2.3 Definitions

A service in SOA is defined as a software component that provides certain
capabilities over a network to service consumers in a loosely coupled fashion. A
service is encapsulated and offers a clearly defined service interface to service
consumers. Services may have different owners with different business agendas
and they are free to evolve in an independent fashion [5].

According to Papazoglou et al. [5,7], service evolution is “a continuous
process of service development through a series of consistent and unambiguous
changes”. It is expressed through a service’s different versions and the key chal-
lenge is the forward compatibility between different versions. Similarly, a defi-
nition of service evolution is given by Wang et al. [19] who stated that service
evolution is “the process of maintaining and evolving services to carter to new
requirements and technological changes”. Both of these definitions have the same
views that service evolution involves the deployment of a new service version,
which is caused by necessary changes in interface structure, functionality, usage
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protocol, usage policies, business rules and regulations and more. Service evolu-
tion can be viewed on two levels of abstraction, which are linked to the macro
and micro perspective. From a macro perspective, services in a network are like
individual organisms of a biological population. From a micro perspective, inter-
faces and interaction protocols up to the service are similar to the physical and
behavioral characteristics of an organism. So far, many techniques and tactics
have been used to ensure customer compatibility with the service.

In distinguished studies on service evolution [5,7], Papazoglou et al. provided
the fundamentals for service evolution until the present, especially when they
distinguished two kinds of changes named shallow changes and deep changes
based on the nature of service evolution.

e Shallow changes are “small-scale, incremental changes that are localized to
a service and/or are restricted to the consumers of that service”, for shallow
changes, typically it could lead to mismatches between services at two levels:
(i) interface level (i.e., structural), (ii) interaction protocol level (i.e., behav-
ior, such as messaging order mismatches). To solve the shallow changes, the
authors proposed a structured approach based on a robust versioning strategy
to support multiple versions.

e Deep changes are “large-scale, transformational changes cascading beyond
the consumers of a service possibly to consumers of an entire end-to-end ser-
vice chain.” Deep changes include operational behaviour changes and policy-
induced modifications. Deep changes rely on the assistance of a change-
oriented service life cycle methodology to respond appropriately to changes
[35]. To date, deep changes are a challenging and open research problem in
the context of service engineering.

Furthermore, Papazoglou [5,7] defines three following concepts:

(i) Version compatibility means when we can introduce a new version of
either a provider or client of service without changing the other.

(ii) Backward compatibility means when a new version of a client is intro-
duced to the providers are unaffected. The client may introduce new features
but should still be able to support all the old ones.

(iii) Forward compatibility refers to the old version of a client application
that could interpret new operation(s) or message(s) introduced by a service.

Some types of changes that are both backward- and forwards-compatible
involve the addition of new service operations to an existing service definition,
the addition of new schema elements within a service that are not contained
within previously existing types [7].

The key problem of service evolution is that the compatibility between the
service and its consumers may change when the service evolves. One of the major
objectives of the research on service evolution is to reduce the unexpected effects
caused by incompatibilities.

We adjust these definitions of service evolution in [5,7,19] for service co-
evolution by giving a simple notion, i.e., service co-evolution stands for a
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coherent process of evolving and maintaining service and its interdependent ser-
vices through a series of explicit changes. We further explain this domain by
considering the dependency graph shown in Fig. 1 of different service providers
offering various services. It shows the service dependency graph S which is a set
of different services.

o I~
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G oo
=

Fig. 1. Dependency graph in service co-evolution scenario

Now, consider node Sy, which is actively connected to all other nodes pro-
viding different services without any interruptions in the edges. Similarly, S is
connected to the nodes S5 and S5 and these nodes are further connected to var-
ious other nodes. Considering a scenario, in which S evolves to a new version
but S3 is not affected at all proves a successful service evolution. In this case,
the change is confined to the clients of Sy only. However, in case the evolution
of Sy implies that the nodes Sy, S7 and S35 should also evolve in a coordinated
fashion, we call this as a co-evolution of service where the evolution is required
to update the interdependent services.

On the topic of evolution, we cannot fail to mention adaptation, the coun-
terpart of it. Adaptation is a crucial mechanism to keep software and ser-
vice behaving as expected under certain conditions [5,7]. In service engineering,
adaptation usually refers to select candidate services when suffering from fail-
ure, (re-) composite services for changed business process and distribute new
service instances in adapting to emergent workload [7]. The principal difference
between adaptation and evolution is that adaptation will not change the service
itself, but evolution will [5].

3 Proposed Change Taxonomy

Different change taxonomies for service evolution have been developed over the
years. In general, various change taxonomies proposed base on the effects or
scope of changes during the interaction process.
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According to Treiber [36], these evolutionary changes involve changes in
requirements, changes of the service interface, changes in implementation and
QoS [36]. These change activities come from different requirements such as devel-
opers, providers, users and service integrators that interact in the interdependent
services.

To date, evolutionary changes in existing research works can be defined into
various categories such as change of interface, change of semantics protocols,
change of requirements and change of business process models.

In this survey, we focus on the solutions of “not compatible and resolvable
changes” [1] such as interface, semantic, business process model (workflow) and
behavior changes. We distinguished them as follows:

o Interface changes refer to modify the signature of the service interface.

e Semantic changes refer to modify service properties as declared in interface
annotations.

e Behavior changes refer to any transformation or modification of service
behavior.

e Business process/workflow changes reflect a modified business process model
of service composition. The demand for changing business processes (internal
organizational level) arises due to various reasons, such as new regulations or
the emergence of new competitors at the market.

These changes are described in detail in Table 1. We adopt a change taxon-
omy shown in Fig. 2. The proposed taxonomy is an extension of the classification
of evolutionary changes in [23]. Our terminology is consistent with the one used
in [21] and shown in Table 1. Some other kinds of changes such as QoS, policy,
parameters, optional operations are defined similarly to the previous works in
[20,21].
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Table 1. Change terminology

Category Type of change Characteristic

Non-functional | QoS — performance of service properties e.g.,
server load, concurrent users

— performance of network latency,

— performance of throughput

Policy — change in policy assertions on services,
which specify business agreements
Functional Behavior — change in the service protocol i.e.,
prescribed invocation, operational
behavior
Semantic — cover all changes that are not involved

description of services, operations,
parameters or return values

Interface — change in the interface signature e.g.,
parameters, operations, message
structure

— addition of new functionality or the
update of existing functionality

— interface changes may affect the
implementation, QoS, pre-condition,
post-condition, usage of the service

Business Process/ | — modify the business process model

Workflow — change in choreography or
orchestration model of service
composition

4 Positioning Approaches

Existing works for supporting service (co) evolution have mainly focused on the
following steps: change detection, change impact analysis and reaction. Their
sequences of these processes are depicted in Fig. 3:

(i) Change Detection (CD). Change detection is a critical process in service evo-
lution management. It helps affected services to find out of changes as well as
kinds of changes that can be used as the input data for analyzing the impact
levels. Researchers classified evolutionary changes into different types of criti-
cal changes. However, in many cases, changes in behavioral usually are more
complicated and need more effort to adapt by considering the actual values
communicated between services and their clients.

These approaches (see Table 2) mainly focused on service interfaces, work-
flow, semantic and behavior change. These approaches have provided many tools
or frameworks such as: Viracker [24], WSDarwin [25], WSDLIff [26], DiCORE
[27]. During the time of this survey, we realized that there are a few works
considering behavioral changes.
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Fig. 3. Service evolution development cycle

(ii) Change Impact Analysis (CIA). The goal of this process is to understand
the relationship between the service and the change. The service users should
know which parts of the system will be affected by the change and examine
them for additional impacts since the modification in one part of service may
have subsequent effects on other related services. Significant literature works in
this area can be classified into two categories techniques: dependency analysis
and trace-ability analysis [28]. Through an impact assessment, it is possible to
evaluate the change effects and procedure evolution strategies to reduce risks
and maintenance costs.

The output of existing approaches for this phase, usually are models, tech-
niques or design patterns, such as Trust Dependency Graph [29], Versioning
Model [30], Dependency Model [31], Change Pattern [19], DiCORE-CIA [27].
Furthermore, we found that there has been special attention paid to the topic
of change impact analysis from the research community.

(ii) Change Reaction (CR). This process may involve other steps such as
decision-making, propagation of changes and an optional broader changes con-
text to support other affected services (in case of coordinated co-evolve services),
eventually giving a set of prioritized actions to adapt new changes. Propagation
of changes addresses how the impact of a change can be effectively propagated
to other entities with minimal ripple, or what additional changes are required
for a service to maintain consistency. As new functionality is added or changed
in services, developers must ensure that other system entities are updated and
consistent in response.

Existing approaches have mainly focused on changes in business process mod-
els (workflow). Some important frameworks are DYCHOR [32] and C3Editor
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[33]. The DYCHOR framework enables evaluating the change propagation of a
process in choreography on the basis of an extended automated model, while the
C3Editor visualizes the different models and enables the definition and applica-
tion of changes to the private models. Besides, the C3Editor determines and
visualizes the partners affected by a change and the updates required for change
propagation.

In our view, these approaches could support effectively the coordination of
change processes. Additionally, we suppose that changes in a business process
model usually require manual intervention by developers. Thus, such changes
are out of the scope of automated service (co) evolution support and not further
considered in this survey.

4.1 Support Service Evolution

In the scope of evolution services, researchers have spent significant effort on
investigating methods and techniques for the management of service changes.
These researches can be seen as a precursor and the fundamental for research
on service co-evolution since service co-evolution is a special case of service evo-
lution.

Table 2 lists important approaches related to service evolution aspects such
as authors, key contributions, available software (denote Yes (Y) or No (N)), and
support processes (e.g., change detection (CD), change impact analysis (CIA)
or change reaction (CR)). In our view, all of these approaches have high-value
results in the field of service (co) evolution in recent years.

These approaches could fall into one of the following categories: (I)
Tool/Model-based, (II) Versioning-based, (III) Pattern/Adaptor-based and (IV)
Analysis of Change Impact-based. Naturally, some approaches might belong to
more than one category, for instance, the work by Khebizi et al. [34] provided a
framework, a software tool and patterns to support dynamic change management
of business protocols.

(I) Tool/Model-Based

One of the first works handling the problem of service evolution is developed by
Treiber et al. [23]. Their work addressed two main problems related to services:
(a) what type of information is required for a particular perspective, how all
types of information are integrated into a single model, and (b) how these types
of information are managed. The first problem concerns the development of an
aggregated, flexible and extensible information model for services. The latter is
linked to the development of a management framework that can track historical
information.

Romano et al. [26] proposed the WSDLDIff tool that can be used to derive
the set of delta changes applied to a service. This tool considers the syntax of
the WSDL file and the schema file XSD that is used to define the data types of
the WSDL interface. Similarly, Li et al. [46], presented critical empirical studies
about the most common types of service changes.
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Another important framework comes from V. Andrikopoulos et al. [21], who
introduced a service specification reference model and introduced the concept of
service evolution management. Based on the type and set theory as well as the
service specification model, the authors developed an approach to reason and
identified the conditions (i.e., a set of changes) under which services can evolve
while preserving compatibility. However, their work only focuses on the preven-
tive evolution model and do not pay attention to the impact and adaptation
aspects [38].

Fokaefs et al. [24] also published empirical results of evolution scenarios and
presented the Vtracker. Specifically, the authors created an intermediate XML
representation to reduce the verbosity of the WSDL specification. However,
Vtracker does not take into account the syntax of WSDL interfaces. An upgraded
Vitracker named WSDarwin [25,40], which can be used to automatically identify
changes between different versions of service by comparing interface description
documents. WSDarwin tool provided a solution to answer the question of how
a client application can be supported in adapting to changed services. However,
WSDarwin does not indicate how the Web Service provider could perform the
adaptation assistance or how to deal with the dependencies when generating and
compiling the client stub.

Latter, Zou et al. [38] proposed a change-centric model in which necessary
changes are identified, planned, implemented, tested and then notified to all
necessary stakeholders. In the model, the delta is a set of changes from one
version to its next version of the service.

Recently, Jahl et al. [27] developed the DiICORE framework that determines
the kind of changes, categorizes the changes and shares them with dependent
clients. The framework helps the developers to find out the structural changes in
workflow. In summary, these tools and models provided practical ways to address
the evolutionary challenges, such as detecting changes and analyzing the change
impact, eventually supporting related services during an evolution process.

(IT) Versioning-Based
Versioning is a traditional and practical way to address the incompatibility issue
[18,45]. A robust versioning strategy allows for service upgrades and improve-
ments while continuously supporting previous versions. Leitner et al. [20] pre-
sented a comprehensive versioning approach specifically for handling compati-
bility issues, based on a service version graph and version selection strategies.
The proposed framework is used to dynamically and transparently invoke dif-
ferent versions of service through service proxies. In this path, Kaminski et al.
[22] outlined various requirements for versioning and demonstrated why common
versioning strategies are inappropriate in the context of services. The authors
proposed the Chain of Adapters pattern [22] for developing evolving services.
However, the adapter does not support the parallel execution of different service
implementations. Also, adapter implementations may be faulty and break old
clients [45].

In order to fix this faulty and do not break old clients, Weinreich et al. [45]
proposed a versioning model for supporting the evolution of service-oriented
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architectures. The model involves a set of services into a subsystem and assigns
them the same version identifier. Even if only one service is changed, all ser-
vices within the same subsystem will be tagged with a new version number.
Consequently, multiple versions of the same subsystem may co-exist. Becker et
al. [56] proposed an approach to automatically determine compatibility that
could be applied with the compatibility pattern. Similarly, Yamashita et al.
[30] introduced a novel feature-based versioning approach for assessing service
compatibility and proposed a different versioning strategy, following the W3C
standards.

In fact, various versioning approaches are proposed to address the challenges
of the service version. At the technical level, these approaches relied heavily on
the SOA [18]. In general, they are used together with the design pattern and
related tools that will be presented in detail in the next section.

(IIT) Pattern/Adaptor-Based

Design patterns and adapters have been widely used for software development
for structuring solutions. For instance, Wang et al. [19] focused on a common
evolution scenario in which a single service is provided by a single provider.
In particular, the authors proposed four patterns involving compatibility, tran-
sition, split-map and merge-map. These patterns provide generic and reusable
strategies for service evolution.

It is worth considering the actual work on service compatibility, which aims
to assist services consumers in seamlessly transferring their programs to newer
versions [56]. Becker et al. [56] proposed an approach to automatically determine
compatibility that could be applied with the compatibility pattern.

In case the change is not compatible, the work of Kaminski et al. [22] intro-
duced an adapter-based approach to maintain multiple versions of service simul-
taneously. The novel idea of this approach is to use a proxy that enables dynamic
binding and invocation for client applications to maintain multiple versions of
service on the server-side and [41]. At the same time, Frank et al. [47] distin-
guished between a service interface (public) and its implementation (private).

To address possible interface mismatches, Dumas et al. [48] suggested an alge-
bra over interfaces and a visual language that allows pairs of provided-required
interfaces to be linked through algebraic expressions. Benatallah et al. [49] pro-
posed adapters approach using mismatch patterns, which may capture the pos-
sible differences between two interaction protocols.

Similarly, H. R. Motahari Nezhad et al. [57] provided semi-automatic support
for adapter generation to resolve interface mismatch and deadlock-free interac-
tion incompatibility. Following previous works of Benatallah et al. [49], Ryu et
al. [39] studied the protocol compatibility using path coverage algorithms based
on finite state machines (FSM) service model and suggested adapter/ad-hoc
protocol as solutions. The reason for using FSM service mmodel is because it
is a well-known paradigm based on a formalism that is easy to understand for
inexperienced users and is suitable for representing reactive behaviors.
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In research work [43], the authors tried to keep client applications being syn-
chronized with evolved services through semi-automatic client updates. In their
proposed tool, it first analyzes the delta between different versions of service
and exports them into a well-formatted document. After that, drawing on the
clients’ usage history. Next, they employ a consumer code customized component
to highlight the client code fragments that need to be updated. In the same path,
Ouederni et al. [44] introduced a framework to resolve interface and behavior
mismatches by automatically updating the clients based on compatibility mea-
suring. The update process can be parameterized with some user requirements
to prevent the behavior that a designer does not want to appear in the client
interface.

(IV) Analysis of Change Impact-Based

Basu et al. [37] proposed a technique to extract dependencies from log files. The
technique could be adapted to infer the amount of dependent service consumers.
Once the dependencies are transfarency, it is also essential to infer the impact
of service changes on the applications.

Later, Wang et al. [52] proposed his dependency model in analyzing the
impact of service evolution. The authors considered the dependency model to
analyze the dependency links among services that work in collaborations. This
model extracts the degree of dependency for each link between the elements in
one service or between services. It is a foundation for most of the later studies
in this field. The dependency model proposes a matrix to describe the depen-
dency relations between services and between elements in one service or more
services. However, the disadvantages are also obvious: (a) The model assumes
that the dependencies are known at design time, which is invalid in the dynamic
environment; (b) The model does not distinguish the change types add, remove
and modify. It considers that each type of change results in the same impact.
Apart from these disadvantages, the dependency model does not explain how
and where to obtain the changes, which is important to service evolution.

Yamashita [30] presented an impact analysis based on usage profiles. This
method helps service providers estimate the impact on consumers as well as
giving an evolution decision later. In the same fashion, Liao et al. [29] proposed
a trust dependency graph that is introduced to analyze the impact on the trust
of component services.

Latterly, Jahl et al. [27] also provided framework DiCORE to analyze the
impact of changes based on the patterns. This framework allows an intuitive and
graphical formulation of patterns while other existing tools completely ignore
user-defined change patterns.
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4.2 Support Service Co-evolution

The need for advancements in service co-evolution support is undisputed, just
as for all software. One of the most challenging aspects of a service co-evolution
is the ability to co-evolve services together in order to retain compatibility and
bindings. Obviously, support service co-evolution also means support service evo-
lution since it is a particular case of service evolution. In practice, the processes
of a service co-evolution require further co-evolve steps, e.g., coordination among
inter-dependency parties. Even though the coordinated distributed service evo-
lution plays an essential part in SOA environments, there is currently a lack of
attention being paid to this kind of service evolution.

This section highlights some valuable research works that investigated service
co-evolution as the following aspects:

e C(lassification of evolutionary changes: One of the first works handling the
problem of service co-evolution is developed by M. Papazoglou [35]. The
author proposed a fundamental classification of evolutionary changes in the
service-based system. Their work also introduces two types of service changes,
one of them called deep-changes. In our thesis, we concentrate on coordinated
deep-changes in large-scale service computing scenarios. However, M. Papa-
zoglou did not take into account the special scenario of service evolution,
where several services that have to co-evolve together in order to retain com-
patibility.

e Requirements for service co-evolution: It is worth to mention this research
work by De Sanctis et al. [1] who first propose eight requirements for service
co-evolution. However, the authors mainly focus on general requirements.
Even though the authors do not analyze in deep of these requirements, but
they bring a small step for the developers towards service co-evolution. Fur-
thermore, the authors presented a solution for service co-evolution based
on the Domain Object concept, which supports deep-changes across a ser-
vice dependency graph, through the decentralized collaboration of evolution
agents.

o A distributed knowledge-based evolution model: Wang et al. [54] proposed a
distributed knowledge-based evolution model named DKEM to promote com-
petition and collaboration between services from different vendors. The model
regards stability as a key factor in competition and a stability evaluation
model is intended to calculate the stability of services, vendors and service-
based processes. Based on the evaluation model, two evolution patterns are
specified with which new and more stable cooperation among services can be
examined automatically by utilizing a runtime self-adaption mechanism. The
authors reported that the model DKEM is effective for competition and coop-
eration among services with distributed knowledge and evolved processes have
higher stability and reaction efficiency. Nonetheless, the model is designed as
a solution to eliminating semantics conflicts between different vendors with
different ontologies.

e Process of co-evolution using meta-models in model-driven engineering:
Cicchetti et al. [60], presented atomic changes and defined the process
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of co-evolution. The authors also created a differential meta-model with the
identified changes. However, in this approach, a number of open questions
remain, including issues of systematic validation of the dependency detection,
change impact analysis and resolution technique, which necessarily encom-
passes larger population models and meta-models.

o A service co-evolution management model and multi-agent architecture for
service co-evolution: Recently, a new research project called PROSECCO!
[50,51,53,55] provided a general service co-evolution management model and
corresponding reference architecture. This architecture involves the different
stakeholders, their roles and responsibilities in the service co-evolution as well
as the architectural components needed to perform service co-evolution as
part of the general service management. The architectural design for service
co-evolution equips every service with an agent called Evolution Agent (EVA)
that performs the service evolution in collaboration with other agents. The
modular EVA architecture makes an EVA easily adaptable for different service
environments, such as IoT, web services and microservices.

In summary, during the survey of this work, we found that there are lim-
ited results that concentrate on coordinated deep changes in large-scale service
computing scenarios. Such evolution support is urgently needed in order to cope
with the increasing complexity of SOA environments.

5 Outlook

Recently, a new emerging trend called microservice has been one of the fastest-
rising trends in the development of enterprise applications and enterprise appli-
cation landscapes [61]. The term microservice or microservice architecture refers
to a new software production model including continuous deployment, continu-
ous delivery and continuous evolving and managing [63].

In a microservice architecture, instead of creating single-layered systems, the
development shifted towards a composition of microservices. In that respect, a
system is a set of loosely-coupled small services that are isolated in small coherent
and autonomous units [62].

Undoubtedly, a microservice architecture is a form of SOA and is considered
as the state-of-the-art design concept, which exhibits many advantaged char-
acteristics. One of the greatest advantages of using microservices is the loose
coupling, which leads to agile and fast evolution and continuous redeployment
[64]. The basic design idea of microservice architectures is to towards a new
environment where there are small teams with tight communication between
developers and other stakeholders. Each team is responsible for a few small
independent services. These teams will work at their own pace deploying new
versions of services without considering coordinate services [63]. Consequently,
this design is contradictory to service co-evolution requirements that services
need coordination of others to achieve their goal.

! https://www.uni-kassel.de/eecs/fachgebiete/vs /research /prosecco.html.
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To date, microservice architecture has been adopted in different forms by
many companies such as Netflix, Google, Apple, Microsoft and Amazon. These
companies have recognized that by using microservices architecture, their soft-
ware product delivery cycles will be shorter. Because there is no barrier in timing
to releasing new service’s version, thus, their customers may update new versions
instantly and transparently [63]. However, a speedy producing amount of service
versions may need more effort to handle various versions in a short period of time.
Subsequently, this leads to another major challenge for service management and
service (co) evolution as well.

In summary, applying microservice architectures brings various benefits for
service providers. However, it also has made more challenges to managing service
(co) evolution due to the service landscape with an enormous variety of inde-
pendent services. This complexity makes service co-evolution as a real challenge
for developers.

6 Conclusions

This paper presents a survey on frequently cited approaches supporting ser-
vice (co) evolution in SOA environments in the last decades. The paper aims
to provide a technical overview of challenges related to service co-evolution.
Furthermore, we propose a new taxonomy of changes based on hierarchy and
relationships. Additionally, we distinguish three main processes of service evo-
lution that should be handled during service (co) evolution. Finally, we give an
outlook to an emerging trend named microservice and analyze its advantages
and challenges related to service co-evolution.
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