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Abstract—For companies developing web-based applications,
the Dev and the Ops refer to different groups with either
operational or development focus. Therefore, DevOps help these
companies streamline software development and operations ac-
tivities by emphasizing the collaboration between the two groups.
However, for companies producing software-intensive products,
the Ops would refer to customers who use and operate the
product. In addition, companies producing software-intensive
products do not only offer products to customers but rather
Product Service Systems (PSS), where product-related services
play a key role in ensuring customer satisfaction besides their
significant revenue contribution. Thus, the context of product-
oriented PSS is very different from web-based applications,
making it difficult to apply DevOps without considering the
role of the services. Therefore, based on a two years participant
observation case study conducted at a multinational telecom-
munications systems provider, we propose a new and novel
approach called Development-Services-Operations (DevServOps)
which incorporates services as a key player facilitating an end-
to-end software flow toward customers in one direction and
feedback toward developers in the other direction. Services
become the glue that connects the Dev and the Ops, achieved
by providing internal services to increase the precision of the
development organization and external services to increase the
speed of deployment and new content adoption on the customers’
side.

Index Terms—DevOps, Product Service Systems, software-
intensive products, DevServOps.

I. INTRODUCTION

Since its advent, DevOps has been gaining considerable
popularity in the software industry, especially among com-
panies developing web-based applications [1]. At its core,
DevOps emphasizes collaboration between the teams develop-
ing the software on the one hand and the ones operating the
software and its infrastructure, on the other hand, to streamline
the activities from code development until its realization in
production. [2]. As a consequence, the boundary between
development and operations becomes blurry as the notion of
“handover to operations” is replaced by “you build it, you
run it” as used in Netflix [3], or by enforcing a culture
of personal responsibility as used in Facebook [4]. While
DevOps can be realized in multiple ways depending if the
web application is deployed on-prem, on hybrid cloud, or
on cloud-based infrastructure [5], DevOps in the context of
web-based applications relies on two main enablers: first,
there are no other interfaces between the Dev and the Ops;

thus, a streamlined software flow can be achieved by tearing
down the wall between development and operations. Second,
the customers are not part of the collaboration, as software
deployment, operations, and even online experimentation, are
largely transparent activities to them.

However, these two enablers are often missing in the case
of software-intensive products, such as cars, airplanes, and
telecommunications network equipment, as the context is
fundamentally different from web-based applications. First,
companies producing software-intensive products do not pro-
vide products only to their customers but Product Service
Systems (PSS), a bundle of products and services aimed
at fulfilling customers’ needs [6], [7]. A widely adopted
approach of PSS is when companies sell products to their
customers; thus, the ownership of the product moves to the
customer while the company provides product-related services
such as maintenance, upgrades, optimization, and support [8].
This is referred to as product-oriented PSS, where services
aim to guarantee the product’s functionality and durability.
Therefore, services provided by product vendors play a key
role in ensuring customer satisfaction and loyalty, besides
their significant contribution to the company’s revenue [6]. To
deliver product-related services, product-oriented PSS compa-
nies often establish dedicated service units interfacing with
customers and working closely with them [9], [10]. Second,
deploying a new software version into customers’ products is
not transparent activity as products often become unavailable
during software upgrades or, in some cases, require pre-
deployment lab validation in a customer-like environment [11].

Therefore, in product-oriented PSS context, the Ops of
DevOps would refer to the customer who operates and uses
the product, while the Dev would refer to the software devel-
opment teams within the R&D organization of the product’s
vendor. Despite their critical role for customers and product-
oriented PSS companies, this leaves services out of the picture.
Besides, While PSS and DevOps have been researched exten-
sively, they have been addressed as separate topics. DevOps
empirical studies have been focusing on the product side
by investigating the challenges of adopting DevOps and the
R&D organizations’ evolution models [11], [12], while studies
addressing PSS have focused on requirement engineering and
design guidelines, among other topics [13], [14].

Therefore, this paper investigates the role of services
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with DevOps in a product-oriented PSS context. In addi-
tion, it conceptualizes the Development-Services-Operations
(DevServOps) as a novel approach that incorporates services
with DevOps to streamline the end-to-end software flow in
a product-oriented PSS context. DevServOps emphasizes the
role of services as the glue connecting the Dev represented by
the vendor’s product development and the Ops represented by
customers. The DevServOps has been derived from a two-year
participant observation case study that combines qualitative
and qualitative data at a multinational telecommunication
company that provides products and services to hundreds of
mobile network operators globally.

The contribution of this paper is three-fold. First, it explores
the role of services with DevOps in the context of PSS,
thus, addressing an existing software engineering research gap.
Second, it coins the term DevServOps, which emphasizes the
importance of services with DevOps in the context of PSS.
By bringing the service perspective to DevOps, we provide a
new and holistic approach addressing the context of product-
oriented PSS companies and ensuring customers’ satisfaction.
Third, this case study is conducted at one of the largest
telecommunications vendors in the world with established
frequent releases of complex embedded software and close
collaboration with customers; thus, the paper provides prac-
tical insights into the role of services with DevOps and how
DevServOps is applied in practice.

The remainder of the paper is organized as follows. Section
II provides an overview and a literature review of DevOps
and PSS systems. Section III details the research method used
in this study, including data collection, analysis, and threats
to validity. Section IV provides a background about the case
study company, while Sections V present the empirical results.
Section VI discusses the results and presents the DevServOp
concept. Finally, section VII concludes the paper.

II. BACKGROUND

In response to the increasing market competition, com-
moditization of products, and reduced product profit, product-
oriented companies started embracing services as a new rev-
enue source and a competitiveness differentiator [7], [15]. As
a result, the notion of Product Service Systems has evolved as
a marketable set of products and services capable of jointly
fulfilling a user’s need [16]. PSS can be classified into a
product-, use- or result-oriented PSS [6], [17]. In product-
oriented PSS, the customer purchases and owns the product
while the vendor provides additional services, such as mainte-
nance, upgrade, or support. Product-oriented PSS is a widely
adopted approach in many companies. In use-oriented PSS,
the product is owned and serviced by the vendor who sells
its function to the customer, for example, by leasing. Third,
result oriented PSS where the vendor owns and services the
product but sells the product’s result, per usage, to customers.

A. Product-oriented Product service systems

Product-oriented PSS companies provide products and
product-related services to customers. Products represent the

tangible goods capable of “falling on your toes” and fulfilling
a user’s needs [8]. While the term refers to the physical
aspect of the product, Berkovich et al. [18] highlighted that
PSS represents an integrated bundle of hardware, software,
and service elements to solve customers’ problems. Other re-
searchers conceptualize new terms such as Industrial Software-
Product-Service Systems and smart PSS to emphasize the
role of software, AI/ML, and IoT connectivity [19]. Despite
the definition and the name, many products are becoming
software-intensive as the software is taking over the hardware
and electronics as the main component shaping the product’s
functionality and the driver of innovation [20], [21]. As a
result, new software versions can bring added functionalities
and corrections to the product without the need to change
the hardware, which opens the possibility to make customers’
products continuously evolve throughout their longer hardware
lifespan. As a result, companies producing software-intense
adopt software development practices stepwise, first by intro-
ducing development practices such as scrum and continuous
integration, leading to reduced release frequency from years
or months to a few weeks [22]. These development practices
are performed internally in the development organization to
streamline coding, testing, and integration. However, as com-
panies move to continuous deployment, collaboration with
customers becomes critical to extending the software flow to
customers’ products.

Services represent the intangible goods, which are activities
done on a commercial basis and for an economic value [8],
[16]. Services play a key role on several fronts. On the
business front, services contribute significantly to companies’
revenues. Szwejczewski et al. [23] found that services sales
account for 15-52% of the revenue when investigating the
role of services in six product-oriented companies. Similarly,
Gebauer et al. [6], highlighted the significant contribution of
services to companies such as IBM, Ericsson, and ABB. On
the customer satisfaction front, services are key to increasing
customer satisfaction, by, for example reducing faults detection
and correction lead time to increase the product’s availability
[23], [24].

Mathieu et al. [25], classified services into two categories:
services supporting the product, such as maintenance, upgrade,
and optimization, and services supporting the customer, such
as education and learning. Therefore, to deliver these services,
product-oriented companies establish a dedicated services or-
ganization alongside the product development organization,
which is responsible for the services’ portfolio development
and delivery [9], [10]. The service organization has dedicated
service staff and teams who work closely with customers to
deliver these services. Thus, customer service is often the
interface customers interact with once they start using the
product.

B. DevOps and product-oriented PSS

DevOps was coined by Patrick Debois in 2008 as he
argued that a successful introduction of agile requires a tight
collaboration between the development and operations teams



[26]. While there is no widely agreed definition for DevOps
[27], several researchers attempted to conceptualize DevOps
focusing on web-based applications. For example, Leite et al.
[28] created a conceptual framework of fundamental concepts
of DevOps, which includes four categories: people, process,
delivery, and runtime, while Lwakatare et al. [29] highlighted
that automation, measurement, and monitoring are important
dimensions of DevOps.

However, PSS has a very different context to web-based
applications. Lwakatare et al. [11] identified a number of
barriers to DevOps adoption in software-embedded systems
companies, such as a lack of lab automation and the difficulty
in getting information from customers. While this research
is based on multiple case studies performed in industrial
companies, it is concerned with the products only and didn’t
address the role of services with DevOps. Similarly, Srinivasan
et al. [30], conducted a case study at Swisscom AG, which
produces a PSS solution composed of telecommunications
equipment deployed in customers’ homes, allowing them to
consume different services, such as TV, video on demand,
etc. The authors identified the enablers for DevOps, which
they classified into process, organization, and product enablers.
While the study provides insights into how DevOps is imple-
mented in PSS context, it focuses on software development
and does not address the role of service.

III. RESEARCH METHOD

To explore the role of services with DevOps in the context
of product-oriented PSS, we conducted a case study at a
multinational telecommunications systems vendor. We chose
a case study because it is a suitable research method for the
evaluation of software engineering practices in an industrial
setting, enabling the researchers to gain an in-depth under-
standing of the study phenomenon [31].

A. Case study company

The case study company is a multinational telecommuni-
cations systems vendor, providing products and services to a
wide range of customers, such as mobile service providers,
national telecommunications agencies, and enterprises. The
case study company has over a hundred thousand employees,
of which thirty thousand work in product development while
the rest are in services or other supporting functions like sales
and administration. Services revenue constitutes 35% of the
total annual revenue, while the remaining is product revenue.

Among many telecommunication systems the case study
company produces, we focused on the 5G Radio Access
Networks (5G RAN). 5G RAN system is made of a number
of interconnected Radio Base Station (RBS), called next-
generation NodeB (gNodeB). Each gNodeB provides 5G radio
coverage, ranging from several meters to several kilometers.
The gNodeB comprises several purpose-built hardware com-
ponents, such as antennas, baseband processing units, and
embedded software. The embedded software plays a key role
in the gNodeB as it hosts the majority of the functionalities
provided by the gNodeB.

The case study company and the 5G RAN system are
selected for three reasons. First, the 5G RAN system consists
of hardware, software, and product-related services. Customers
purchase the hardware, subscribe to the software, and contract
product-related services independently; thus, the 5G RAN
solutions can be considered product-oriented PSS. Second,
5G RAN embedded software is released every second week
to a subset of customers who have close collaboration with
the case study company, fulfilling two enablers of DevOps;
collaboration and frequent releases. Third, the first author is
employed by the case study company and works as an R&D
manager and embedded researcher, enabling him to collect and
analyze a significant amount of qualitative data from multiple
sources while engaging as a participant observer for two years.

B. Data collection and analysis

This study used qualitative and quantitative data collected
over two years, between January 2021 and December 2022.
During this time, the service organization in the case study
company started an internal project aiming to restructure the
services portfolio as a response to the introduction of frequent
software releases by the R&D development organization and
an increasing number of customers who would like to establish
a closer and more collaborative relationship with the case study
company. The first author has been part of the project team and
participated in numerous meetings about DevOps and product-
related services evolution. These meetings were held weekly
with members from the service and R&D organizations. In ad-
dition to meetings participation, the first author has organized
and led more than 10 workshops focusing on service evolution
with wider participation from other organizational functions
such as security, software supply, product introduction, and
quality attended. In addition, the authors reviewed more than
20 internal documents describing product-related services and
the software development process. These documents were
accessible from the internal intranet and were identified by
the first author of this study, referred to during meetings or
during one of the interviews.

Moreover, quantitative data were also collected and ana-
lyzed during the study period. The data originate from three
main sources. First, an internal database that contains informa-
tion about continuous integration, delivery, and release. This
database acts as the information bank for all activities related
to software development. The second data source is in-service
product data collected from customers’ networks, including
products’ software versions and configurations. The third
source of information is a services database which includes an
inventory of issues triggering a technical investigation. While
quantitative data is extensive in size and depth, we extracted,
aggregated, and analyzed subsets of these data in light of the
objective of this research. To protect the confidentiality of the
case study company, absolute numbers presented in this study
are normalized and displayed in percentage.

We followed the guidelines suggested by Runeson et al. [32]
for software engineering case studies. The steps followed are
case study design, preparation for data collection, collecting



evidence, analysis of the collected data, and reporting. Since
this study was conducted over two years, the data collection
and analysis phases were iterative, where we continuously
collected and analyzed new data.

C. Validity considerations

Threats to validity can be classified into four categories:
construct, external, and internal validity, in addition to relia-
bility [31], [32]. The authors of this paper are all familiar with
DevOps practices and product-related services. In addition,
the authors had a prolonged involvement with the case study
company enabling them to gain an in-depth understanding
of the case study context. Further, as the first author is
employed by the case study company and was a member of
the internal project team, there is a risk that his own views and
interpretations might influence the data collection and analysis.
In addition, We used triangulation with different data sources
to minimize the risk of bias and address construct validity and
reliability.

This study is a single case study conducted in a telecom-
munications company that provides product-oriented PSS.
Therefore, we do not claim the generalizability of the results.
More empirical studies and research is needed to achieve
external validity. However, we believe there are many sim-
ilarities between the case study company, and other large-
scale software-intensive product vendors, especially the ones
working in a business-to-business context.

While this is an explorative case study that does not aim
to examine causal relationships, which is the key concern for
internal validity, we used peer debriefing among the authors
to improve the internal validity of the case study research.

IV. THE CASE STUDY COMPANY CONTEXT

The case study company represents the Dev side of DevOps,
as it is responsible for developing, testing, and releasing the
5G RAN software, while customers represent the Ops side,
as they deploy the release and operate the 5G RAN network.
Further, the case study company has several customers, each
with thousands of gNodeBs in their networks; thus, there are
many instances of the Ops served by one Dev organization.

The RAN software is composed of several large components
referred to as “modules”. As illustrated in Figure 1, each
module is developed by one or several cross-functional teams.
The teams push new code into the modules’ repertoire, which
triggers a module build and test. Following that, a successfully
built and tested module is pushed to the system’s mainline,
where a system image, composed of all modules, is integrated
and continuously tested. As a result of significant investment
and improvements in continuous integration over many years,
the lead time from a code change until a potentially releasable
system image has been shortened from months to a few days.

Traditionally, the case study company used to release a
new major software release every three months, followed by
a maintenance period. In 5G RAN, the case study company
introduced a calendar-based bi-weekly release to selective
customers. These bi-weekly releases are not deployed to the

Fig. 1. 5G RAN software flow

entire network but to a small subset of the product install
base, following a similar approach to what we have described
in our earlier work [33]. These releases are referred to as CD
(Continuous deployment) releases for two reasons: (1) they
are released and deployed in a shorter frequency than major
releases (2) these releases contain both new functions and fixes
as they are selected from the code’s mainline.

The customers who subscribe to the bi-weekly releases are
referred to as collaborators, as they represent a small segment
of customers who are technology leaders with a strong interest
in adopting the latest features to maintain their market-leading
positions. Other customers who do not subscribe to the bi-
weekly releases and only use major releases are considered
traditional customers. Thus, traditional customers receive new
features and content once every quarter with every new major
release, while the collaborators receive new software every
second week. After the software is made available to cus-
tomers, customers download and unpack the software, explore
its content and impact by reading the release documents, and
test it in a lab before deploying it t the software to a small
but representative zone in their network. Every 6th bi-weekly
release, representing a major release, is then deployed to the
entire network as illustrated in Figure 1.

On the services side, the case study company offers several
product-related services to its traditional customers, such as
deployment, customer support, optimization, and education.
Each service is considered stand-alone, as customers can select
and contract what suits them. The introduction of the bi-
weekly releases has led the case study company to introduce
a new set of services for the collaboration customers. While
these services are performed as part of the collaboration
agreement without a commercial framework, the case study
company aims to commercialize these services.

This study focuses on the role of services with collaborating
customers for two reasons. First, since a frequent and reliable



release process is one of the key enablers of DevOps, the
collaborators are the ones deploying the two-week release
cycle. Second, as the collaborator name indicates, the case
study company and these customers consider its relationship
collaborative, which is a key characteristic of DevOps.

V. EMPIRICAL FINDINGS

This section presents the findings from the case study
company. Based on the analysis of the data collected during
our two years participant observation case study, it can be
summarized that services play a role on two fronts: the Dev
front by providing internal services, and the Ops by providing
external services. The role of the internal services is to: (1)
help customers speed up the deployment of new software
and (2) continuously extract value from the software to help
customers meet their business outcomes. Internal services aim
to (1) collect feedback data and (2) create actionable insights.

A. External services

Once a release is delivered to customers, several operational
activities shall be performed, which need to happen quickly
as the time between each consecutive release is short. These
activities include customer lab validation, new software im-
pact analysis, pre-deployment preparation, deployment, post-
deployment monitoring, and new feature validation.

Lab validation aims to verify that the new software works
in a similar environment to the customer’s live network. While
lab validation is considered an important step for many oper-
ators before the deployment, the number of software issues
discovered is small in relation to the issues reported after the
software is deployed into field nodes, as shown in Figure 2
(A). This is because customers’ lab often contains simpler
configurations to nodes in the field and lacks real mobile
traffic with the same intensity and variations as generated by
thousands of mobile terminals. However, in several meetings,
it was highlighted that lab validation is still important to
ensure that basic functionality, such as emergency call han-
dling, works satisfactorily in the customer’s environment, as
many countries have local regulations to ensure reliable and
accurate handling of emergency communications, such as the
EU directive 2018/1972 [34].

Fig. 2. A. Issues found in the lab versus the field, B. Used versus unused
software features

Furthermore, every release comes with several new fea-
tures, improvements, and limitations. Thus, customers need

to understand the release’s content and assess the software’s
impact before the deployment. Therefore, customers need to
read the release documentation and review the release content
list. A feature toggle often controls new features; thus, they
will not be enabled by default once the software is deployed.
However, features that are already activated require more
careful understanding and preparation before the deployment,
as improvements to these features introduced in a new software
version will be activated directly as the feature toggle is
already enabled. For example, a feature improvement might
impact the Performance Indicator (KPI) values or introduce a
sequence change for certain operational activities. Therefore,
such changes should be identified before the deployment to
prepare for the impact of the new software.

The pre-deployment preparation and deployment procedure
follows a lab validation and impact analysis. In preparation
for the deployment, a backup from the gNodeBs is taken
and the new software is uploaded to the nodes. The actual
Software deployment is often performed during a low-traffic
period, such as between midnight and 04:00 local time, when
the nodes are restarted for the new software to be activated.
Following that, configuration checks are performed to ensure
that non-default and customized configuration values used
by customers are configured, followed by a health check to
ensure that the gNodeBs are operating without any alarms or
errors. Following the upgrade, the gNodeBs are continuously
monitored for at least two to three days to ensure no traffic
degradation is observed during high-traffic hours, such as early
mornings and afternoons. After that, new features validation
and trials start. Customers select features of interest and
evaluate them. This activity also involves impact analysis and
continuous monitoring. Further, when there is a risk that a new
feature might introduce a negative impact, its activation and
evaluation are performed during a low-traffic period.

Therefore, external services are associated with customers’
operational activities and have two main roles: (1) enable faster
deployment and (2) extract tangible business value to help
customers reach their business outcomes.

1) Enabling faster deployments: While the operational
activities need to happen with every software deployment,
despite how frequent the release cycle is, the short-release
cycle requires that these activities happen faster to meet the
software’s release frequency. As highlighted during several
meetings, the upgrade procedure involves many steps which
take time and effort. Therefore, there are three services that
help customers with frequent deployments: testing, flow man-
agement, intelligent troubleshooting, and fault isolation.

Testing services are aimed at helping customers cope with
fast-paced releases and their lab tests. The service involves
human resources and testing infrastructure, where service engi-
neers deploy and integrate the testing automation infrastructure
in the customer’s lab. In addition, the service engineers work
closely with the customer’s operation team to perform the
customer’s testing scope while also advising them on how to
optimize the testing scope.

Further, flow management services aim at simplifying the



planning and execution of the upgrades according to the cus-
tomer’s calendar. In several meetings, it was highlighted that
customers have certain times when no changes are allowed to
the network, known as a network freeze period, which happens
during public holidays and other national occasions. There-
fore, the services team, composed of technical and project
management resources, works closely with the customer to
plan the execution of the upgrades according to the customer’s
calendar. For example, the services team can perform lab
validation when a network freeze is active and perform the
impact analysis in preparation for faster software deployment
once the freeze period is over. If the freeze period is longer
than two weeks, which means that two more releases are
waiting for deployment, the service team assesses the impact
of each release and advice the customer if they should deploy
both releases or drop one release due to time limitations.

Intelligent troubleshooting and fault isolation aim at helping
customers quickly and efficiently find issues that impact the
network and minimize any potential impact. The services
organization is engaged continuously with the customers’
operations team in discussing identified deviations and finding
their root causes. Intelligent troubleshooting and fault isolation
rely on continuous product data collection from the customer
network, where performance, diagnostic, and observability
data are collected. The collected data is fed to a monitoring
platform, which has the ability to identify deviations in the
5G RAN nodes’ behavior and alert the service team to take
further steps. In addition, the monitoring platform has embed-
ded AI/ML models that can proactively fix known issues or
predict their occurrence based on historical data. Utilizing the
data flow, historical data, and AI/ML techniques, this service
minimizes the risks associated with introducing new software
while ensuring the continuity and reliability of the 5G RAN
network.

2) Extracting the value of software: One of the chal-
lenges discussed in several meetings is customers’ difficulty
in identifying relevant features and quantifying their value
as the step enabling new features adoption. Providing a new
release and documentation describing the release’s features
and content does not mean customers will use them. As
illustrated in part B of Fig. 2, many features are not used
by any customer. Therefore, two services are identified to
help customers identify relevant features and quantify their
value: new features discovery and consultation, in addition to
devitalized collaboration and benchmarking.

New features discovery and consultation services aim to
simplify the impact analysis of the new software by working
closely with the customer to review the release content and
advise customers of relevant features that suit their business
objectives. Customers often have different business objectives
connected to how they position themselves in the market. For
example, some customers are focused on performance, there-
fore, are interested in features that improve the network perfor-
mance, while others might be interested in energy efficiency,
therefore, interested in features optimizing energy consump-
tion. Thus, the services team advises customers on features that

suit their business objectives and work closely with them to
validate them, quantify their impact, and ensure that customers
enable them across the whole network. In addition, the service
team provides consultation security consultations by working
closely with customers to ensure security recommendations
are implemented according to the guidelines associated with
the release documentation. Similarly, the services team advises
and guides the customer to implement any workaround due to
known limitations in the release, such as known bugs that are
not yet corrected.

Furthermore, services also enable collaboration between
customers by providing a digitalized collaboration forum
where customers’ operation team members can engage, discuss
and share best practices and observations with each other.
In this forum, the service team acts as facilitators and ad-
ministrators for the forum rather than the ones answering
the questions. Customers can contact the services team for
dedication questions or support requests via the service contact
center. The forum has certain rules that shall be followed to
ensure that the information shared is not sensitive, not harmful,
and technically accurate. In addition to the forum, the services
team provides an anonymized benchmarking service that helps
customers to benchmark their network’s metrics with other
customers based on performance data collected continuously
from each customer. Therefore, customers can compare their
network to the best in class in different categories

B. Internal services

Internal services are aimed at the development organization
and its functions, such as software development, product man-
agement, continuous integration, testing, and release engineer-
ing. Based on the case study company’s findings, the internal
services’ role is to collect feedback and create actionable
insights.

1) Data collection: Services play a key role in collecting
product data and customer feedback. To achieve this, the
case study company establish a data collection pipeline that
connects to the radio nodes in the customer’s network and
continuously collects performance and diagnostic data. Due to
country-specific regulations and the characteristics of the data,
and customer preference, the collected data can be transferred
back to the case study company and shared across different
locations within the case study company’s internal network,
or it can be hosted in the same geography in case there are
regulations limiting cross-borders transfer of data. The service
organization discusses and agrees upon the data collection
pipeline technical solution with the customer. As a result,
the service organization provides and maintains a number
of customized data collection solutions to satisfy different
regulations and customer preferences.

In addition to product data, the service organization collects
feedback from customers due to its close interaction with
the customer’s operations teams. The feedback is conveyed
verbally, over emails, or via the digitalized collaboration
platform. Customer feedback provides the service organization



with a closer insight into how customers perceive aspects such
as usability, simplicity, and clarity of documentation.

2) Actionable insights: In several meetings and discussions,
it was highlighted that the amount of information collected
is huge, which makes it very difficult for the development
organization to utilize it in an actionable way without putting
so much effort into trying to understand the context of the
feedback and data. For example, if product data shows an
increase in the number of alarms during a certain period
of time, would that indicate a software fault that requires a
root cause identification and a correction, or is it because the
customer’s operation team were performing a configuration
activity on the radio node. Similarly, if the customer report
that certain functionality does not provide the expected benefit
as described in the feature guide, would that be because the
feature is not working as it should, or the customer has made
a configuration mistake, or the pre-conditions that should exist
for the feature to work are not present in the radio node.

Therefore, the service organization uses both customer
feedback and product-generated data to provide actionable
insights to the development organization. This is achieved by
cleaning, aggregating, and qualification of the feedback and
product data and then presenting them in an actionable way
to different users within the development organization.

VI. DEVSERVOPS

DevOps advocates for a strong collaboration between de-
velopment and operations to streamline the activities from
a code change until that code is realized in the production
environment. While DevOps is widely adopted in companies
developing web-based applications, the context is different
for companies producing software-intensive products. These
companies do not only provide products to their customers
but a bundle of products and product-related services aimed at
fulfilling customers’ needs. Product-related services are critical
to ensure customer satisfaction besides their major contribution
to companies’ revenue. Thus, customer service is often the
interface of the company towards its customers, delivering
services such as deployment, support, and maintenance [6].
In addition, in companies developing web-based applications,
the Dev and Ops are often represented by different teams or or-
ganizations within the same company. However, in the case of
software-intensive products, the Ops is the customer who uses
and operates the product. Further, software-intensive products
are often high volume; thus, unlike web-based applications
with few Ops teams and a limited number of production
environments, there are many customers and product instances
in the case of software-intensive products [11].

Therefore, to address the context of product-oriented PSS
companies, we propose a new and novel approach called
Development-Services-Operations (DevServOps) to empha-
size the role of services as the glue connecting the Dev and
the Ops to streamline the end-to-end flow of the software to
customers on one direction, and the feedback to developers on
the other direction. As depicted in Figure 3, the service organi-
zation is represented by serv and interfaces both the product

development organization hosting the software development
teams, represented by Dev, and the customers, represented
by Ops. Several Ops instances are depicted to reflect the
high volume nature of software-intensive products operated
by different customers, ranging from 1 to n.

Fig. 3. DevServOps

In DevServOps, services work on two fronts: the Dev and
the Ops. On the Dev front providing internal services by
collecting customer feedback from product data and customer
interactions. As highlighted by Van et al. [35] customer ser-
vices is a major channel for feedback to product development.
In addition, to make such feedback actionable, the service or-
ganization cleans and aggregates the data, then extracts relative
insights and presents that to different actors in the development
organization. This enables the development organization to
focus on what matters and protect development resources from
being exposed to noisy information, which does not add value
but rather wastes their time and effort.

On the customer front, services play a key role in helping
customers cope with the fast pace releases by providing testing
and flow management services to help them validate the new
software in their environment and managing the increased
frequency of deployments. In addition, services help to ensure
that new features are discovered by customers and tangible
customer value is extracted. As highlighted by Claps et al.
[36], the frequent delivery of new software increases the risk
that new features are not discovered by customers. In addition,
as the software complexity increases as a consequence of more
features being introduced in the code leading to more complex
interactions between the features, even if not used [37], the
service organization plays a key role to minimizes the risks
associated with introducing new software by working closely
with customers utilizing intelligent and efficient troubleshoot-
ing and faults isolation capabilities.

VII. CONCLUSION

DevOps is widely adopted in companies developing web-
based applications as the collaboration between the Dev and
Ops is key to streamlining the software flow. However, com-
panies producing software-intensive products have a different
context, as these companies do not only provide products to
their customers but Product Service Systems, a bundle of
products and services aimed at fulfilling customers’ needs.



Product-related services play a critical role in ensuring cus-
tomer satisfaction as services are often the interface towards
customers who operate and use the products, besides their
major revenue contribution.

Therefore, this paper investigated the role of services
with DevOps in product-oriented PSS. Based on a two-
year participant observation case study, we propose a new
and novel approach called Development-Services-Operations
(DevServOps) which incorporates services as a key activity to
facilitate an end-to-end software flow toward customers in one
direction and feedback flow toward developers in the other
direction. Thus, DevServOps provides a holistic approach
that addresses product-oriented PSS companies’ context and
ensures customer satisfaction.
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