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Since service-oriented computing was introduced as a major topic in the industry and
the research community, 20 years have passed. Today, service orientation has become a
commodity in many areas. This has also changed the foci of the research community by
a very large degree. In this article, we analyze the current state of the research in the
field and give an outlook on future research topics.

the research area defined service-oriented com-

puting (SOC) “as the computing paradigm that
utilizes services as fundamental elements for develop-
ing applications.”

Although, at that time, “services” meant Web serv-
ices, this definition has passed the test of time, and it
keeps capturing the essence of SOC. Over time, solu-
tions moved from SOAP to Representational State
Transfer or GraphQL, Web services were decomposed
into microservices, and entire businesses were estab-
lished around application programming interfaces (APIs).
In any case, whenever we have a software compo-
nent supporting functionalities offered by a provider
to an audience of consumers, we keep calling this
approach SOC.

In the early years of SOC research, a series of
workshops at the International Conference on Very
Large Data Bases (VLDB) named TES, i.e., Technology
of E-Services,’> paved the way to a research agenda
that, during the next two decades, was finalized and
repeatedly revised.>** Since then, voices of criticism
have emerged from the research community concern-
ing the actual capacity of innovation of what SOC is
proposing with respect to distributed computing
approaches at the time.®

E xactly 20 years ago, one of the seminal works in
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At this point, from a research perspective and after
20 years of honorable service, the voices of criticism
are getting louder and louder. Therefore, we believe
that it is important to understand whether SOC is still
a relevant subject to be studied, from which perspec-
tive, and with what methodological approaches. To
address these questions, this article takes a pragmatic
approach to understanding at which point we are in
the SOC research community, which directions have
been taken so far, and if there is still space for high-
quality research.

To assess the current state of the SOC community, we
have analyzed papers published at top conferences in
the field, i.e., the IEEE International Conference on Web
Services (ICWS) and the International Conference on
Service-Oriented Computing (ICSOC). For this, we have
identified a number of high-level research topics. We
started by identifying which topics were highly relevant
at ICSOC and ICWS in the years 2010-2012. Afterward,
we had a look at the years 2020-2022 and checked
how the topics evolved.

The results can be seen in Table 1. The table is not
exhaustive; i.e., we are only showing the 10 most impor-
tant categories. The “total” number of papers describes
all papers published at a venue during a particular
period, i.e., also from those categories not shown in
the table.
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TABLE 1. Publications at ICSOC and ICWS from 2010 to 2012 and 2020 to 2022.*
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Category ICsSOC ICWS
2010-2012 2020-2022 2010-2012 2020-2022
Service compositions 24 2 28 6
Service discovery/selection 13 3 26 5
Fog/edge 0 10 0 28
(Business) processes 14 10 8 1
loT/smart systems 1 13 0 9
Security/trust 4 1 10 7
Cloud 5 9 0 6
Service/app 0 0 0 17
recommendation
Microservices 0 1 0 5
Human-provided services/ 3 3 0 5
crowdsourcing
Total 96 87 105 125

*ICSOC: International Conference on Service-Oriented Computing; ICWS: IEEE International Conference on Web Services; loT: Internet of Things.

Naturally, it was not always possible to find an abso-
lute truth on which topic a particular paper belongs to,
e.g., because a paper aimed at two distinct categories.
In this case, the paper was classified into the topic that
it focused on. Importantly, we primarily considered the
research object to do the classification and less the
method or other aspects applied. For instance, machine
learning is, these days, very often used as a method
in SOC. However, it is rather seldom the case that
the focus of a paper is on machine learning itself, i.e.,
that machine learning is the research object. Only
full/regular papers from the main tracks of ICWS and
ICSOC have been regarded. Invited (if identifiable),
industry, and short papers are not considered.

Of course, the information provided in the table
can only provide a coarse-grained overview of the
developments of SOC research in the past decade.
Nevertheless, it provides some interesting insights. As
can be seen from the table, some research topics are
“evergreens,” i.e., were being covered a decade ago and
are also still in consideration today. This is the case,
e.g, for business processes; cloud computing; and
human-provided services, where the focus has, how-
ever, mostly shifted to crowdsourcing. Of course, the
foci of these research categories have widely evolved
in the last 10 years. Not surprisingly, novel technologies
and paradigms, like microservices or fog and edge
computing, which were not topics at the beginning of
the 2010s, have risen to prominence.

It can also be seen that basic SOC functionalities
like service compositions and service discovery are not

so much in the focus any longer. The reasons for this
may range from the insight that a particular basic func-
tionality has, indeed, not played a very big role in prac-
tice or that this functionality is, these days, common.
Notably, the topic of service discovery has, to some
degree, evolved into service and APl recommenda-
tions, which are more proactive approaches to provide
potential service consumers with information about fit-
ting software entities.

As a second insight, the most prominent research
categories from 2020 to 2022 are even more technology-
driven than was the case from 2010 to 2012 ie.,
research is focusing on solving particular issues for
particular technologies instead of fundamental SOC
research topics. Last but not least, the heterogeneity
of topics published at the discussed venues has
become much greater. In recent years, many smaller
topics have been presented, ranging from service
applications in video streaming and big data to papers
on SPARQL queries and private data management,
which do not have a direct link to SOC. Nevertheless,
the community deems these topics as fitting for its top
venues.

In our opinion, these insights show that fundamen-
tal SOC functionalities have become a widely accepted
commodity, as has SOC itself. Basic capabilities of
service-oriented systems, which were already named
at the beginning of SOC research—e.g., encapsulation
of (business) functions, loose coupling of services,
service autonomy, or service reusability’—are, today,
applied in many types of software systems.
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After about a quarter of a century, it is a fact that SOC
has deeply affected the way in which software-based
systems have been—and are still—designed, deployed,
and executed. If there is now the impression that SOC
is mature enough to be considered relevant for practi-
tioners and has a significant impact on the industry,
the question remains if there is any space for the SOC
research community to keep this influence.

To answer this question, we have started with the
“Service Computing Manifesto,”* published in 2017,
celebrating the 10 years from the publication of the
original SOC manifesto.? In 2017, a road map was pro-
posed around four main topics: service design, service
composition, crowdsourcing-based reputation, and the
Internet of Things (loT). As emerged in the previous
section, these topics have been considered differently
in the community—in some cases, e.g., composition,
with a decreasing interest and, in some other cases,
e.g. the loT, confirming the expectations.

With the aim of building a road map that can sug-
gest research topics for the upcoming years, we start
from some megatrends that are already influencing—
and will do even more in the future—the design and
development of software based on services: notably,
the rise of quantum computing, the convergence
into the cloud-edge compute continuum, the ever-
increasing adoption of machine learning and Al, trust-
worthiness as a key requirement, the sustainability of
SOC, and the transition from good dominance to ser-
vice dominance logic.

Quantum Services Computing
Quantum computing is an early-stage yet rapidly evolv-
ing field that holds great promise for solving complex
problems that are beyond the reach of classical com-
puters. At the forefront of quantum computing, there
are several key areas of research and development
that relate to SOC. One prominent example is Shor's
algorithm, which demonstrates the potential for quan-
tum computers to factor large numbers exponentially
faster than classical computers. Services around Shor's
and similar algorithms might lead to service-oriented
architectures with completely different service-level
profiles to be studied and experimented upon further.
Similarly, other algorithms, such as Grover's algorithm
for service-data search, may be used to improve ser-
vice operations at a large scale, thereby improving
existing service solutions on a global scale.

Also, quantum systems are prone to errors caused
by environmental disturbances and imperfections in
hardware. A question emerges here, namely, could service
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continuity principles and technologies play a role in
addressing such circumstances?

Furthermore, achieving quantum supremacy means
demonstrating a quantum computer’s ability to solve a
problem that is infeasible for classical computers.
Showing the supremacy in service-oriented systems—
for example, thinking of large-scale supply chain
management—and blending it with current service
operations is worthy of future research.

Cloud-Edge Compute Continuum

The trend toward distributed services has gained a lot
of traction, as can be seen by the large number of
papers on fog and edge computing published in recent
years. More recently, this has evolved into a discussion
of the cloud-edge compute continuum, which con-
siders cloud and edge computing models as part of a
continuous compute model. Despite this, a seamless
transfer of services from one device to another one,
considering the specific technical and nontechnical
context, has still not been achieved. The number of
research questions to be tackled ranges from light-
weight virtualization techniques over resource- and
energy-aware resource allocation approaches to secu-
rity and privacy solutions.

Machine Learning and Al

As has already been outlined, machine learning is,
these days, a very common method in SOC, used, e.g.,
to optimize service topologies. Also, machine learning
is already provided today as a cloud service by, e.g,
Amazon AWS or IBM. With the recent advent of novel
machine learning approaches like federated learning,
the notion of machine learning in SOC will further
evolve. Especially, the basic principles of SOC can help
to establish common interfaces for federated learning,
allowing us to easily replace single clients and even
model aggregators, which are, these days, very often
located in the cloud. Another recent trend is edge intel-
ligence, i.e., to deploy Al close to the data sources with
or without support by cloud resources. Here, the
research questions span from approaches that are
able to consider the capabilities of beyond-5G mobile
networks, integration with the compute continuum,
and novel machine learning algorithms, which can, e.g,,
self-adapt to trade off resource demands and accuracy.

Trustworthiness

With SOC being built on a relationship between service
providers and service consumers, especially when these
two roles are held by entities for which no agreement
has already been established, it is fundamental to define
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mechanisms that define and strengthen trust among
them. This requires balancing between the observability
of a service in terms of its structure and behavior to
increase the transparency for the consumer and the
need to protect the intellectual property embedded in
the service that constitutes the business for the pro-
vider. From another angle, more related to the semantics
of the service provisioning, trust also implies having a
correct service that provides the right data in response
to consumer requests.

In this area, among others, first results have
been obtained by the adoption of solutions based on
zero-knowledge proof protocols that allow the verifica-
tion of credentials while limiting data leakage or
blockchain-based solutions that allow getting rid of
mediators to ensure trust. In the future, these and
other approaches can be followed to establish trust-
worthy, service-based relations.

Sustainability

As in many IT-related domains, for SOC it is, today, also
fundamental to consider the need to reach the Sus-
tainable Development Goals defined by the United
Nations. Among them, SOC research can especially
hold a significant role in contributing to climate actions
and the reduction of resource usage.

As is happening for software development in gen-
eral, it is now important to consider the amount of
resources along the whole service lifecycle, from the
design and development phases—which have to con-
sider more than just the cost of the resources as the
metric for reducing their usage—to the execution
phase, where it is very difficult to exactly monitor the
amount of energy consumed.

Service Dominance Logic

This was probably just by chance, but, in the years in
which SOC was establishing itself, the theorization of
the so-called service dominance logic was also taking
shape in the managerial literature,” where a service is
defined as “the application of specialized competences
(knowledge and skills) through deeds, processes, and
performances for the benefit of another entity or the
entity itself.” Also, on top of this theory, information
systems literature has put the basis for service science
where technological aspects of services are linked with
organizational ones.

Although SOC is more related to the technical and
technological side, the resulting services are compo-
nents that will live in a complex environment with the
presence of software systems and human beings. In
this sense, we think that SOC research should consider

more the interrelation between providers and consum-
ers to allow the envisioned cocreation of service value.
This also implies reducing accessibility barriers to
the services, making them easy to discover and use.
Thus, the service design and the service lifecycle in
general must address the complexity of interactions
with human beings.

This article recaps the state of the art in SOC as
reflected in top conferences addressing the topic. The
picture we elaborate on is projecting a somewhat con-
flicting perspective. On the one hand, SOC is nowhere
near dead but, rather, elaborating an inclusion and
openness—in the style of its foundational open-world
assumption—toward other related disciplines, such
as blockchain, machine learning operations, quantum
computing, and more. On the other hand, the very
nature of services seems to be no longer of interest to
the community, with a few sporadic and stovepiped
exceptions to be found over recent years. Could this
mean a lack of interest in the basic foundations of SOC
and how they are changing to cope with the different
contexts, domains, and technologies they reflect? Could
this mean those foundations are left to emerge in conti-
nuity with the state of practice rather than being tackled
from a foundational, more theoretical perspective?

We conclude that the road ahead can only reflect
a proactive self-reflection of the communities and
disciplines in question to find the right strategy
and approach, reflective of a sound way forward. We
believe this article will serve as a basic and rudimentary
first step in that respect.
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