
UPTEC F 17033

Examensarbete 30 hp
Juni 2017

Software Architectural Metrics 
for the Scania Internet of Things 
Platform 
From a Microservice Perspective

David Ulander



 

 
 
Teknisk- naturvetenskaplig fakultet 
UTH-enheten 
 
Besöksadress: 
Ångströmlaboratoriet 
Lägerhyddsvägen 1 
Hus 4, Plan 0 
 
Postadress: 
Box 536 
751 21 Uppsala 
 
Telefon: 
018 – 471 30 03 
 
Telefax: 
018 – 471 30 00 
 
Hemsida: 
http://www.teknat.uu.se/student 

Abstract

Software Architectural Metrics for the Scania Internet
of Things Platform - From a Microservice Perspective

David Ulander

There are limited tools to evaluate a microservice architecture and no common
definition of how the architecture should be designed. Moreover, developing systems
with microservices introduces additional complexity to the software architecture.
That, together with the fact the systems are becoming more complex has led to a
desire for architecture evaluation methods. 

In this thesis a set of quality attributes measured by structural metrics are used to
evaluate Scania's IoT Offboard platform. By implementing a metrics evaluation
program the quality of the software architecture can be improved. Also, metrics can
assist developers and architects while they are becoming more efficient since they
better understand how performance is measured, i.e. which quality attributes are the
most important and how these are measured. 

For Scania's IoT Offboard platform the studied quality attributes are listed in
decreasing importance: flexibility, reusability and understandability. All the
microservices are loosely coupled in the platform, which results in a loosely coupled
architecture. This indicates a flexible, reusable and understandable system, in terms of
coupling. Furthermore, the architecture is decentralized, i.e. the system is unflexible
and difficult to change. The other metrics were lacking a reference scale, hence they
will act as a point of reference for future measurements as the architecture evolves.

To improve the flexibility, reusability and understandability of the architecture the
large microservices should be divided into several smaller microservices. Also
aggregators should be utilized more to make the system more flexible.
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Sammanfattning
Mikrotjänstarkitektur är en relativt ny metodik för att strukturera mjukvara. En app-
likation är uppdelad i många små beståndsdelar, så kallade mikrotjänster, som utför
en liten väl definierad uppgift. Mikrotjänsterna kommunicerar med varandra och på
så sätt kan omfattande funktionalitet levereras av mikrotjänstsystemet. En standard-
iserad design för hur en mikrotjänstarkitektur ska implementeras saknas och ett be-
gränsat antal metoder för att utvärdera arkitekturen existerar. Mikrotjänster utvecklas
kontinuerligt med liten validering för hur den totala arkitekturen förändras. På grund
av de många små sammanlänkade tjänsterna introduceras extra komplexitet i arkitek-
turen. Det, tillsammans med att system generellt sett blir mer komplexa har lett till
ett behov av utvärderingsmetoder för mikrotjänstarkitekturer.

Det här arbetet utvärderar den del av Scanias sakernas internet-plattform som består
av mikrotjänster med hjälp av kvalitetsattribut så som flexibilitet, förståbarhet och
återanvändbarhet. Eftersom kvalitetsattribut är svårt att mäta direkt predikteras de
med strukturella mätvärden. Genom att kvantitativt mäta en arkitekturs egenskaper
kan arkitekturens kvalité förbättras. Mätvärden kan vägleda utvecklare och arkitekter
som också blir mer effektiva när de vet hur kvalité mäts.

Plattformens arkitektur kartlades genom intervjuer med de olika utvecklingsteamen
och utvärderades därefter. Alla tjänsterna hade en låg sammankopplingsgrad till an-
dra tjänster. Detta leder till ett system med totalt sätt få kopplingar vilket är fördelak-
tigt för de nämnda kvalitétsattributen. Systemet är dock decentraliserat vilket leder
till att ändringar av tjänsterna blir mer komplicerade och att flexibiliteten sjunker. De
resterande mätvärdena saknade en referensskala och kan därför användas för att un-
dersöka ifall förändringar av arkitekturen förbättrar eller försämrar kvalitén. På så
sätt så kan man kontrollera att arkitekturen utvecklas i rätt riktning.

För att förbättra arkitekturen kan de största tjänsterna delas upp i flera mindre tjän-
ster. Detta är extra viktigt då tjänsterna har många konsumenter. Görs detta så för-
bättras flexibiliteten, förståbarheten och återanvändbarheten. Vidare kan flexibiliteten
ytterligare förbättras genom att använda aggregatorer mer i arkitekturen.
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Chapter 1

Introduction

1.1 Background

During the last decades new software architectures have emerged. One reason for this
is to meet the scalability demands of today’s systems [1]. Also, older architectures do
not allow new or change old functionality fast enough which is desired in this fast-
paced environment [2]. Another contributing factor for the new architectures is the
increase in cloud computing services [1]. This allows software systems to be built,
deployed and distributed globally [3] with less infrastructure cost. This also simplifies
and speeds up the delivery of software [4].

An architectural approach which meets these demands on scalability and flexibility
[5] and can utilize the opportunities offered by cloud computing, is the microservice
architecture (MSA) [6]. However, while MSA is a promising architecture in many as-
pects, it introduces additional complexity to the system’s architecture [5]. That, to-
gether with the fact that systems in general are becoming more and more complex
[7] have resulted in a desire for architectural evaluation methods, to help verify and
improve architectural quality.

Generally, there are limited tools to evaluate a software architecture and no common
definition of how a software architecture should be designed [8, 9, 7, 10, 11, 12]. Also,
in an MSA, services are often developed in an ad hoc manner [12] with little support
for validating the quality of the total architecture [10]. Hence, the quality of the archi-
tecture depends on the skills of the architects.

Measuring architectural metrics can determine the architectural quality and assist ar-
chitects and developers [7]. Using metrics to improve object-oriented software quality
is a common practice and it has been used for decades [13]. Also, it is an approach
that most researchers agree on, that it is an important step for improving architec-
tures built of services [14]. The earlier in the development process the metrics are
identified and used, the more cost and time can be saved as the flaws can be discov-
ered earlier [15]. Furthermore, Scania, a Swedish automotive manufacturer specializ-
ing in trucks and buses, is currently lacking metrics for evaluating the quality of their
MSA, which is part of their Scania Internet of Things (IoT) platform.
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1.1.1 Cloud Computing

The growth of computer and communication technologies together with the decrease
in cost over the last years, have increased the popularity of cloud computing. The
National Institute of Standards and Technology (NIST) defines cloud computing as:

Cloud Computing is a model for enabling convenient, on-demand network access
to a shared pool of configurable and reliable computing resources (e.g., networks,
servers, storage, applications, services) that can be rapidly provisioned and released
with minimal consumer management effort or service provider interaction. [16]

Furthermore, Rajaraman [3] describes five characteristics of cloud computing:

• "A customer can avail any contracted computing resource such as processing
power, storage space, or application programs from a service provider without
human interaction."

• "The computing resources can be accessed anywhere, anytime with any stan-
dard device which can access the web."

• "The computing resources of a provider are pooled to provide the contracted
service. The pooled resources may be geographically distributed across multiple
data centres. The computing resources of a provider are shared by several cus-
tomers. The resources are dynamically assigned to customers depending on the
demand. Usually a customer has no knowledge of the location of the resources
which may be anywhere in the world." 1

• "Computing resources may be availed elastically by customers. A customer may
request more resources when needed and release them when not required. From
a customer’s point of view the resources are unlimited. The customer pays only
for the total resources used."

• "Cloud computing systems are adaptive systems. They automatically balance
loads and optimize the use of resources. A user is permitted to monitor and
control resource usage thereby providing transparency in bills."

There are three different service models: Software as a Service (SaaS), Platform as a
Service (PaaS) and Infrastructure as a Service (IaaS).

• SaaS: A software application available on the web, without the need for instal-
lation e.g. a cloud storage application like Dropbox or online banking.

• PaaS: A platform where the customer can deploy its cloud application without
the need to handle the underlying infrastructure e.g. operation systems, deploy-
ment tools etc., like Amazon Web Services.

• IaaS: A service where processing power, storage, network capacity etc. is rented
from the provider, like Amazon Web Services. Customers may deploy their own
operation systems, applications, deployment tools, etc. [4].

1As of today, one can decide where their resources should be located: https://aws.amazon.com/about-
aws/global-infrastructure/.
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1.1.2 Architecture Evolution

In the last decades new software architectures have evolved, Service-oriented archi-
tecture (SOA) and MSA. Below, the architectures are explained in detail and illus-
trated in figure 1.1. The older monolithic approach is also discussed.

Figure 1.1: The evolution of software architecture. The time-line estimates when the
approaches was first used. Figure taken from reference [2].

Monolith

Monolith refers to a single-tier application where user interface, business logic and
data manipulation is contained in this one unit. Furthermore, in the context of this
thesis, two-tier and three-tier architectures are also described to be a of a monolithic
architecture. A two-tier either puts the user interface and business logic in one unit
and data manipulation in the second or user interface in one and business logic and
data manipulation in the second. A three-tier architecture splits these three domains
into three different units. What is considered monolithic in this case, is the business
logic unit also called the back-end.

Monolith is a good architecture for simple applications. However, as the monoliths
are growing, the applications are becoming more and more unmanageable. Many
parts of the monolith will use shared business logic which results in a tightly cou-
pled, dependent, system. This scenario is represented with the many cog wheels in
figure 1.1. Any changes to the application involve building and deploying a new ver-
sion of the whole monolith. Moreover, making changes to a large monolith might be
a risk. If something malfunctions during the process it might lead to outage of the
whole application. However, monolith has rather good availability, i.e. the application
is up and running, because the application is stored on one or a few servers. This re-
sults in a lower probability that one of the servers is unavailable compared to when
using many servers. Also, because all business logic resized within one unit, updat-
ing and developing new functionality is restricted to the already used programming
language [17].
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Service-Oriented Architecture

To understand microservices it is natural to first discuss its older cousin Service-Oriented
Architecture (SOA). SOA became popular around 2000 [17]. The advantage of this
architecture compared to a monolith, is the decreased coupling in the system. This
makes the system more flexible because changes and modifications can be more lo-
cally performed and only that service undergoing change needs to be redeployed.
This is a desired feature as more and more applications are moved to the cloud and
thus changes occur more rapidly. Also, reusability of the existing functionality is im-
proved [14]. However, SOA is a vaguely defined term [5] with many conflicting opin-
ions of what it is. Instead of trying to find a suitable definition of SOA, the general
characteristics of the architecture is described.

In a SOA the monolith is divided into a few smaller units. Each one of these units
is encapsulated in a service. The services expose their functionality through different
protocols and communicate with each other. Furthermore, to route the different mes-
sages between the services an Enterprise Service Bus (ESB) is typically used. The ESB
is designed for a certain workload thus when an application scales, which can occur
rapidly for cloud applications, the ESB often becomes a bottleneck. Also ESB intro-
duces additional coupling and complexity to the system [6, 17].

Microservices

Microservice Architecture (MSA) or simply microservices (MS) is a relatively new
field with little research. It began to get attention around 2010. Although, some com-
panies had already started using smaller services which could be compared to a mi-
croservice architecture, e.g. Amazon.com [17], Netflix and SoundCloud [18]. As well
as for SOA, MSA does not have a formal or common agreed definition [5]. It is there-
fore hard to find an agreement to how SOA and MSA are related [19, 5]. Some are of
the opinion that MSA is an implementation of SOA [20, 18, 21, 22], that it is a "fine-
grained SOA" or "SOA done right" [19, 5, 23]. Also, Netflix named their design ap-
proach "a fine-grained Service-Oriented Architecture" [18]. Furthermore, Clark [19]
states that MSA can be seen as an evolution of SOA. While others state that the de-
sign approaches are distinct [19, 5]. To explain what microservices are, we take the
same approach here and describe the common characteristics we see for this architec-
ture.

Lewis and Fowler [5] describes a microservice architecture as: " . . . an approach to
developing a single application as a suite of small services, each running in its own
process and communicating with lightweight mechanisms, often an HTTP resource
API. These services are built around business capabilities and independently deploy-
able by fully automated deployment machinery. There is a bare minimum of central-
ized management of these services, which may be written in different programming
languages and use different data storage technologies."

Compared to SOA, an MSA divides an application into smaller, more fine-grained
and completely independent services. This leads to a more decoupled system. The
prefix "micro" refers to the granularity of the services and not to the granularity of
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the exposed interfaces. The number and granularity of the interfaces should be the
same for a microservice application as for a monolithic application [19]. As Lewis and
Fowler [5] say: the microservice approach focusing on making the endpoint of the
services smart and the pipes dumb. In SOA where an ESB is typically used the pipes
are made smart, e.g. advanced routing functionality and business logic [5]. In contrast
to SOA, microservices are trying to remove that centralized intelligent communication
mechanism and replace it with simple but smart, clearly defined, service interfaces
[5, 18, 17]. The services receive request, applying business logic as appropriate and
generating a response. Communication, i.e. requests and responses which are usu-
ally called messages in MSA, are commonly choreographed using simple RESTful
protocols (e.g. HTTP). REST, is a set of guidelines how systems communicate over
the web, explained more in subsection REST. A message bus is sometimes used in an
MSA as well, e.g. RabbitMQ. However, this message bus is dumb, i.e. it only routes
the messages and does not apply any business logic [5].

Also, MSA decentralizes the governance. It is becoming more and more common for
the teams to be responsible for all aspects of the software they build, even the opera-
tion of it, called DevOps. Lewis and Fowler [5] argues that teams having this respon-
sibility have a powerful incentive to develop quality software to not get woken up in
the night to correct a mistake. Furthermore, the data management is decentralized. In
an MSA each service hold its own data store, often simpler than a database. The data
store may be a new instance of another data store or a totally different data store sys-
tem. While a monolithic application usually have a single database for data storage
[5].

The often agreed advantages of an MSA are greater scalability, agility and productiv-
ity [19], resilience, maintainability and ease of deployment [1].

• Scalability
Scaling a monolithic application requires the entire application to scale instead
of scaling only the parts which are required in greater amount [5], illustrated in
figure 1.2. Thus, it is possible to quickly react to changes in the workload. The
greatest scalability advantages is achieved by deploying microservices on the
cloud and hence using the elasticity of the cloud, i.e. by automatically matching
the available resource as closely as possible to the required resources [19].

• Agility and productivity
Teams can build, test and deploy independently of other services in faster it-
eration cycles. The services are also technically independent, resulting in each
service can be built in a programming language that the team find the most op-
timal. New technologies can therefore be utilized faster [19]. With a monolithic
application one is more bound to the follow the centralized standardizations [5].

• Resilience
A microservice fails quickly and independently without taking down whole ar-
eas of unrelated functionality. They are stateless and thus a microservice can
bring up new run times rapidly and redistribute the load. If possible, this should
be done automatically [19]. However, if a service goes down, the services re-
questing functionality from this service needs to handle this unavailability which
introduces additional complexity. Moreover, MSA typically involves more servers
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than a monolith and thus the likelihood of one malfunctioning server increases,
which reduces the availability.

• Maintainability
Microservices are inexpensive to maintain and redesign because of the relatively
small code base compared to a monolith. Changes to a service require only that
service to be redeployed and not the whole application. This simplifies and
speeds up the delivery of software [17].

• Ease of deployment
Continuous delivery of software is typically related to microservices. Although
continuous delivery is possible with monolith as well, Osowski [24] makes the
argument that with monolith "you’re juggling boulders, not marbles. It’s much
easier to recover from dropping a marble than from dropping a boulder." When
deploying small piece of software each time, each delivery becomes simpler.
However, while redeploying a monolith might involve more risk, deploying it
is simpler than deploying many interconnected services [17]. Then, one needs to
make sure that the services consuming the modified service are not breaking [5].

Figure 1.2: Compares a microservice architecture to a monolith application. The mono-
lith is scaled by cloning the whole monolith whereas MSA scales by cloning the individ-
ual microservices. Figure taken from reference [5].
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1.1.3 Service

A non-technical explanation of services

A non-technical explanation of a service is given by Carneiro and Schmelmer [17]: "A
service should serve the needs of one of more internal or external client applications".
A client application or service, also called consumer, is one that consumes functional-
ity of other services. A service providing the functionality is a provider [17]. Services
that are both consumers and providers are service aggregators [13]. Services consists of
functionality and its related data [17].

A technical explanation of services

A service is made up of two components: service interfaces (also called operations)
and implementation elements, seen in figure 1.3. A service interface exposes imple-
mentation elements to other services. The service interfaces are application program-
ming interfaces (APIs) which other services can call to invoke functionality. There are
no restrictions regarding programming languages when realizing the implementation
elements nor the type of APIs. However, implementation elements is typically object
oriented (OO) classes [25] and an HTTP resource API (REST) is commonly used [5].
Furthermore, services should be stateless to largest extent, thus they are not storing
users’ sessions [26]. Services has three layers of abstraction: e.g. OO methods encap-
sulated in OO classes, and the OO classes encapsulated in a service. Web Services
Description Language (WSDL) is often used to describe services, to explain how the
service can be called: what parameters it expects and what the service returns [25].
Also Hypertext As The Engine Of Application State (HATEOAS) can be used to de-
scribe the different services’ operations when the APIs are RESTful [27].
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Figure 1.3: The service’s components. The implementation element is usually OO
classes and the service interface/operation is an API for invoking the implementation
elements’ methods.

1.1.4 REST

REST, short for Representational State Transfer, is a set of guidelines on how systems
can communicate over the web by sending representations of resources. A RESTful
resource is anything that can be addressable over the web, i.e. some data accessi-
ble via a hyperlink. The representation of the data can be in plain text, image, XML,
JSON etc.. The representation is sent to the client by a communication protocol, usu-
ally HTTP. REST specifies how this data, hyperlinks, communication protocol etc. are
structured [26].

1.2 Scope

The aim of this thesis is to map out the microservice architecture which is a signifi-
cant part of the Scania Internet of Things platform’s Offboard system. Furthermore, a
set of structural metrics suitable for an MSA is proposed to stand as an MSA evalu-
ation method. The suggested metrics is applied to the architecture and an evaluation
is made. The values calculated for the metrics aim to be a reference point for future
measurements, performed as the platform evolve.

Moreover, recommendations are made how to improve the architecture with regard of
these metrics.

9



1.3 Research Question

• Which structural architectural metrics found in previous research can be applied
to a microservice architecture?

• In regard to these metrics, how can the part of Scania’s Offboard architecture
which is built of microservices be improved?

1.4 Limitations

This thesis is limited to investigate architectural metrics which are suitable for an
MSA. Furthermore, only the Offboard system of the Scania IoT platform is studied.
The largest monolith, FMP, in the system is neglected as well as all front-end appli-
cations. However, some other monolithic units will be included. Moreover, a service
is viewed as a "black-box", thus how service operations work and the dependencies
inside a service will not be studied.
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Chapter 2

Background on Metrics for MSAs

2.1 Metrics

Metrics represent a set of values measured on something [28]. By using architectural
metrics it is possible to objectively measure architectural quality and provide develop-
ers and architects with clear indications of deficiencies or errors [15, 8]. Also, indica-
tions can be given where in the architecture improvement is needed and what quality
attributes to focus on.

Quality attributes, i.e. understandability, flexibility and reusability, are used to de-
scribe the overall performance of a system, though, it can only be measured once the
system is fully developed [29]. Some authors have defined metrics which directly de-
scribe quality attributes [13, 30]. However, in most cases it can be difficult to directly
measure these. Instead, it has been shown that structural attributes, such as coupling,
cohesion, complexity, service granularity, can be measured to predict and determine
quality attributes. Thus, one can predict the quality of the architecture early in the
design phase [15, 29, 31].

2.1.1 Quality Attributes

Quality attributes are described below:

• Understandability
A measure of the needed efforts to understand a service or system [15].

• Flexibility
A measure of the ease to change earlier designs [15]. Changes might be correc-
tions, improvements, new functionality, software adaption to changed environ-
ments etc. [10]. Similar definitions is used for modifiability [13], adaptability
[32], maintainability [10], changeability [29].

• Reusability
A measure of how much a system allows reusing existing functionality for other
purposes [15].
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2.1.2 Structural Attributes

Structural attributes refers to how well the software is developed and can be directly
measured on the basis of size, cohesion, coupling etc. However, it does not regard
how well a system fulfilling its needs [29]. Below are structural metrics listed together
with their relation to the quality attributes.

• Coupling
Coupling measures the dependencies of individual services or a whole system
[7, 10]. The aim is to have low coupling [10]. The opposite of coupling is called
decoupling. Coupling is closely related to the size of the services, i.e. service
granularity. Smaller services, containing less functionality, can perform less ac-
tions and are generally more dependent on other services to achieve the same
goals. Also, for the system to deliver the same functionalities with small ser-
vices, more services are needed compared to if larger services were used. Very
low values of coupling might therefore not be beneficial since other structural
attributes will be affected negatively, e.g. design size and system complexity
(defined below).

Additionally, coupling and cohesion (defined below) are often conflicting at-
tributes, improving coupling will most certainly worsening cohesion and vice
versa [10]. Furthermore, coupling affects complexity of the services and system
negatively [7]. Increased coupling decreases flexibility [15, 31], seen in figure 2.1.
The more consumers a provider service has the more services are affected by a
change. To change this service its consumer services might also need considera-
tions before the change occurs, thus it is more difficult to change the service.

Furthermore, coupling decreases reusability [15, 31]. The more dependencies or
consumers a service has, the more it is integrated with the neighboring services.
Upon reuse of this service, these dependencies need to exists which make the
reuse more cumbersome.

Also, understandability is decreased by increased coupling [15, 31, 33]. When
the dependencies and interactions between the services’ operations increase the
more challenging it becomes to understand services and system.

• Cohesion
Cohesion measures how similar services or operations are [10]. At service level,
cohesion measures the degree of how much the services in a system belong
together. At operation level, it measures the similarity of operations in a ser-
vice [7]. High cohesion is preferred [10]. When the aim of a service is to do one
thing and do it well, thus containing only relevant operations and implemen-
tation elements for this purpose, it is generally becoming more cohesive. Cohe-
sion is therefore also closely related to small service granularity.

Furthermore, high cohesion leads to increased flexibility since smaller services
with a smaller code base which are focusing on one or a few tasks, are more
easily changed [15]. Due to the smaller scope of the service it is easier to un-
derstand the purpose and function of the service and its operations, i.e. under-
standability is improved [15, 31]. Also, reusability is positively affected by high
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cohesion [15].

Although high cohesion is preferable, too high cohesion results in many and
very specialized services. That system might be overly complex due to the many
services with high levels of coupling. Therefore, very high values of cohesion is
not beneficial as it negatively affects other structural attributes, e.g. coupling
and system complexity.

• Complexity
Complexity measures the difficulty of understanding the interactions and rela-
tionships between services and services’ operations [7]. Increased complexity
reduces understandability [15] and flexibility [13]. Furthermore, complexity is
closely related to cohesion, coupling, service granularity and design size. High
service granularity, high coupling and low cohesion affect service complexity
negatively. A system with large design size and many complex service is a com-
plex system [7]. Moreover, in MSA smaller less complex service are encouraged,
though that results in larger design size which increases the system’s complex-
ity. Too low service complexity is therefore not favorable for the system com-
plexity.

• Design size
Design size is the size of the whole system measured as number of microser-
vices [15, 7] and operations [7]. High design size reduces understandability [15].
By measuring both services and operations one is not favoring a system with
few very large service over a system with many very small services.

• Service granularity
Service granularity measures the size of the service as number of operations per
service [33]. Service granularity directly affects coupling and cohesion, thus af-
fecting flexibility, understandability and reusability indirectly [14]. These quality
attributes are positively affected of smaller service granularity [5]. However, too
fine-grained services have more dependencies than coarser-grained services be-
cause they contain less functionality [14] and thus reusability is decreased [33].
Also, the complexity of fine-grained services decrease [31], but due to the high
coupling in such system the system complexity and thus the understandability
is decreased. Therefore, when choosing a service granularity, trade-offs are re-
quired between the quality attributes [33].

• Centralization
Centralization measures the relation between the consumers’ and the aggrega-
tors’ coupling. By utilizing aggregators the coupling of the consumers decrease.
Low consumer coupling and high aggregator coupling results in a centralized
system. The opposite leads to a decentralized system. Increased centralization
affects flexibility positively [13].

• Importance of a service
Importance of a service is a direct effect of coupling. It measures how many
consumers a provider service has [34]. The higher importance a service has the
more cumbersome it is to change this service. Increased importance of a service
increases the coupling in the same quantity, thus importance of a service affects
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flexibility, understandability and reusability negatively.

Figure 2.1: Structural metrics mapped to quality attributes. The arrows symbolize the
change in the quality attributes when the structural metrics increase. Arrows in both
directions for service granularity mean neither too coarse-grained nor too fined-grained
services are positive for the understandability and reusability.

2.2 Related Work

Considering that the evaluation field is more mature for software development many
authors have adapted and modified some of the software metrics, to be applicable to
service architecture [8]. Below, metrics are defined and described which can be ap-
plied to an architecture built of services. For all metrics:

• Ω is the system of services

• s is a service

• o is an operation

Both Elhag and Mohamad [7] and Qingqing and Xinke [34] define a metric, number
of services, NS, in a system as

NS =
∑

s∈Ω s. (2.1)

This is a simple measure of the system’s complexity. The more services the more
complex the system is. They argue that it can also be used as a normalization factor
for other metrics. Shim et al. [15] use this metrics as a measure for design size, which
is how we use this metric.

Elhag and Mohamad [7] also define a metric counts the number of operations in a
service. The authors are also using this metric as a normalization factor for other met-
rics. Furthermore Wang [33] defines service granularity of a service, SG, in the same
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manner, illustrated in figure 2.2. which is the purpose we use this metric. Formally it
is defined as

SG(s) =
∑

o∈S o (2.2)

where o is an operation.

Shim et al. [15] are counting the total number of operations in the system as a mea-
sure of system complexity. The total complexity of the system CXSY S1 is

CXSY S1 = NSO + 1.5 ∗NAO (2.3)

where NAO is the number of asynchronous operations and NSO is the number of
synchronous operations. This metric is also a measure of design size which is how
we use it. The authors distinguish between synchronous and asynchronous opera-
tions and weight the asynchronous operations higher. The weight represent the in-
creased complexity of asynchronous operations. When measuring the size of the sys-
tem an asynchronous operation does not need to be larger than synchronous, there-
fore the weights are neglected. The total number of operations in the system is de-
fined as

NO =
∑

o∈Ω o. (2.4)

Importance of a service is defined by Rud et al. [30] as the total number of requests
to a service s. The higher value, the more important the service is for the system and
thus more care should be taken when developing it. Requests originating from the
same server do not generate any network traffic, is omitted. However since we are
considering a platform deployed on the cloud we assume that all requests are gen-
erating network traffic. Also, we are considering static dependencies thus Elhag and
Mohamad [7] definition of importance of a service IS is more suitable. They define
IS as the total number of services invoking operations from service s while neglect-
ing where the services are located.

IS(s) (2.5)

where IS(s) is the number of services that depend on s. Qingqing and Xinke [34]
evaluate this metric and state that, with a high value of IS(s) in combination with
a high value of service granularity, it impacts the complexity rather seriously. In that
case, they recommend lowering the service granularity for those services.

Qingqing and Xinke [34] further develop the importance of a service metric. They
define a relative importance of a service metric, RIS(s). By dividing the importance
of a service metric with the total number of services in the system, i.e. they normalize
the IS metric and obtain

RIS(s) = IS(s)
NS . (2.6)
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Coupling of a service, CS(s), is defined by Rud et al. [30], Quynh and Thang [35] and
Elhag and Mohamad [7] as

CS(s) (2.7)

where CS(s) the count of other services which service s depends on. Qingqing and
Xinke [34] state that CS(s) is a basic indicator for complexity. A higher value in-
creases the systems complexity. Rud et al. [30] also use this metric to evaluate the
coupling in runtime. Instead of counting the static relationships between services, the
system is monitored during run-time to see which services that are communicating
and to what extent. However, we only consider the static relationships in this thesis.

Rud et al. [30] further develop the importance of a service metric, IS. The authors
multiply the incoming relationships to a service, IS, by the outgoing relationships,
CS. They define absolute criticality of a service,

ACS(s) = IS(s) ∗ CS(s). (2.8)

The authors state that by using both IS and CS one can find the most critical ser-
vices in the system. Criticality is defined from an architectural perspective and does
not account for e.g. the most critical services for the best customer experience or the
most important services for the company’s revenue etc. A service that calls function-
ally of many services and is also called by many services is more critical than a ser-
vice with only a high IS or CS value individually. ACS indicates how much atten-
tion the developers should pay to the service.

Visser [36] derives an instability metric, Ins. They use it for other purposes than mi-
croservices but due to the characteristics of the metrics, i.e. it only considers outgoing
and incoming dependencies, it is directly applicable to a service oriented system.

Ins(s) = CS(s)
IS(s)+CS(s) (2.9)

where the range of Ins is [0,1]. 1 corresponds to only outgoing dependencies, i.e. a
consumer, and 0 corresponds to no outgoing dependencies, i.e. a provider. Low val-
ues indicate high resistance to change. In that case, a change of a service will affect
other services. From that perspective a high value is preferred to make it easier to
change a service. However, in a system both consumers and providers are needed.

Qingqing and Xinke [34] state that it is easier to interpret the coupling if one mea-
sures the coupling relative to the system. They introduce relative coupling of service
metric, RCS. They divide the coupling of a service with number of services in the
system,

RCS(s) = CS(s)
NS . (2.10)
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For a well designed system RCS should be below 1. A high value indicates that the
system needs redesigning. They argue that if the value is equal to 1, other metrics
should be used when evaluating the system regarding complexity.

Furthermore, Hofmeister and Wirtz [13] use the coupling of a service metric CS(s)

and number of services in a system NS to define a new metric, coupling of a system

CSY S1 =
∑

s∈Ω CS(s)

NS2−NS
. (2.11)

The range of CSY S1 is [0,1]. Relatively low values of CSY S1 indicates a loosely cou-
pled system, whereas high values infer a dependent system with high complexity.
Also, it indicates how much the complexity of a system affects the flexibility [13].

Hofmeister and Wirtz [13] instead defines coupling of a system, to better describe the
flexibility quality attribute as

CSY S2 =
∑

s∈Ω CS(s)

SC∗SP (2.12)

where, SC, SP ≥ 1. SC is the number of service consumers in the system and SP is
the number of service providers in the system. CSY S2 is in the range [0,1]. A value
of 0 is not reasonable because services in system need to communicate by definition.
A value close to 1 imply that the system is complex and hard to modify. If CSY S2

gives a value close to 0.5 other metrics should be used. A value in the range [0, 0.5]
is preferred since that means the system is loosely coupled. A value above 0.5 is con-
sidered high coupling. If a service aggregators SA, i.e. a service which is both a provider
and a consumer is added, both SC and SP is increased by one. Service aggregators
help decrease coupling in a system, as per equation 2.12. Another way to decrease
the coupling is to add a relation and turn a provider (or consumer) to an aggrega-
tor. In this case, both the numerator and denominator would increase in equation
2.12, the numerator by 1 and the denominator by SP . As long as there are more con-
sumers in the system than

Threshold = SC∗SP∑
s∈Ω CS(s) , (2.13)

this is beneficial to do.

To get a more comprehensive measure of the coupling of services Elhag and Mo-
hamad [7] further develop the coupling of service metric, CS(s). They account for
both the direct and the indirect relationships of services. For each provider service,
which service s invokes functionality from, its providers are counted in a recursive
manner. Indirect coupling of a service ICS is defined as

ICS(s) = CS(s) +
∑

p(s)∈Ω ICS(p(s)) (2.14)

where p(s) is the providers of service s.
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Furthermore, they define relative indirect coupling of a service as

RICS(s) = ICS(s)
f2
1−f1

(2.15)

where f1 is

f1 = NS + NO. (2.16)

Figure 2.2: Shows an example system to illustrate service granularity SG, coupling of
a service CS, indirect coupling of a service ICS and importance of a service IS. The ar-
rows are showing the dependencies between the services. The arrows originate from
the consumer and are pointing on the provider service. One level of indirect coupling
is accounted for, thus the service’s coupling and the service’s providers’ coupling are
summarized.

Shim et al. [15] instead define an average coupling of a service, AvgCS. They count
all the connected providers and consumers and divide by the number of services in
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the system,

AvgCS = SP+SC
NS . (2.17)

Hofmeister and Wirtz [13] derive a metric to determine how centralized a system is.
An example of a centralized system, a system which is using aggregators, and a de-
centralized system, which is not using aggregators, are found in figure 2.3.

SCZ = 1 −
∑

c∈Ω.C CS(c)−
∑

a∈Ω.A CS(a)−k∑
c∈Ω.C CS(c)+(SA−1)2 (2.18)

where

k = 0.9 ∗ (SC − SA) − (SA− 1)2 (2.19)

and Ω.A is the set of aggregators in the system and Ω.C is the set of consumers in the
system. The range of SCZ is [0,1]. A value close to 1 indicates a centralized system,
i.e. aggregators are used and a value close to 0 signals a decentralized system. The
authors argue that a value close to 1 is optimal for maximum flexibility. Though, a
complex system which is centralized may lead to very complex aggregators. In such
case a lower SCZ is encouraged. A value close to 1 can also be obtained when no
aggregators are used but when the system has a single, central, provider. This archi-
tectural pattern is also highly flexible as the high SCZ suggests. When there are more
consumer in the system than the value of equation 2.13, converting a consumer to an
aggregator does not increase coupling only flexibility. Same applies when converting
providers to aggregators. Furthermore, excessive use of aggregators are discouraged
by the k-function, which decreases SCZ.

Figure 2.3: First system is an example of a decentralized system and the second system
shows a centralized system. Figure is taken from reference [13].

Moreover, many authors are considering the implementation element when determin-
ing the cohesion of a service. Some use the approach to investigate the connections
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between the implementation elements compared to the outgoing dependencies or to
see if all operation are implemented by the same implementation element or by ex-
amine if all implementation element are invoked by a consumer. [7, 36, 37, 38]. Since
we were viewing a service as a "black box" and are not concerned with the imple-
mentation elements these definitions are not suitable. By comparing the input param-
eters of a service’s operations or to examine if every client of a service is invoking all
the service’s operations are also methods to determine cohesiveness [37, 38]. How-
ever, due to the size of the Scania IoT platform, manually investigation of this would
be inconvenient and time consuming. Instead we use Shim et al. [15] definition of the
average cohesion of service, AvgCohS. That is the number of services divided by to-
tal number of messages TM made in the system for a time interval. A message in
our thesis is defined as a request between two services. However, Shim et al. [15] did
not specify a time frame when measuring TM , thus the largest possible time frame is
considered to get the most representable average value.

AvgCohS = NS
TM (2.20)

where NS and TM are defined above. The less messages sent and the more services
in the system, the greater is the cohesiveness in the system.

Shim et al. [15] also define cohesion of operations, AvgCohO, as the squared aver-
age number of operations in a service divided by the squared average number of
messages sent in the system during a time. The authors distinguish between asyn-
chronous and synchronous operations. However, due to simplicity reasons we do not
make this separation and the equation becomes

AvgCohO =
(NO
NS

)2

(TM
NS

)2
(2.21)

where NO, NS and TM are defined above.

Elhag and Mohamad [7] define complexity of a service CXS as

CXS(s) = ICS(s)+NS(s)+SG(s)
Coh(s) . (2.22)

As the definition of cohesion, Coh, considering the implementation element it is not
applicable in our thesis. Instead, the average cohesion of operation metric, AvgCohO,
is used. This is an approximation to be able to calculate the service’s complexity. This
is an okay approximation since the result of this metric will be used a reference point
for future measurements as the platform is modified. CXS then becomes,

CXSnew(s) = ICS(s)+NS(s)+SG(s)
AvgCohO(s) (2.23)

The authors also derive a complexity factor of a service CXF with the purpose to be

20



used in the calculation of the total system’s complexity,

CXF (s) = RICS(s)
RCoh(s) . (2.24)

However, RCoh(s) = Coh/NS it is not applicable in our case. Furthermore, we in-
terpret the purpose of using the complexity factor as a way to weight the services
corresponding to how large they are compared to the system. With this assumption
we define Weight(s) as

Weight(s) = SG(s)
NO . (2.25)

Weight(s) is used to calculate the total complexity of a system, CXSY S2,

CXSY S2 =
∑

s∈Ω CXSnew(s) ∗Weight(s). (2.26)

Rud et al. [30] have derived a metrics for service interdependency in a system, SI . By
counting all pairs of services which depend on each other. Service interdependence
indicates poor design of services and should be avoided.

SI =
∑

a,b∈Ω SaSb (2.27)

where Sa is a service that calls functionality of Sb, and Sb calls functionality of Sa.

The chosen metrics for the Offboard platform is found in table 2.1 below. They are
divided into two categories: service metrics or system metrics. Both these categories
group the metrics based on their character, i.e. coupling, cohesion, complexity, service
granularity or other. Some metric suits in several categories but is only place in one
category to avoid repetition.
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Service Metrics System Metrics

RCS(s) = CS(s)
NS CSY S1 =

∑
s∈Ω CS(s)

NS2−NS

Coupling RICS(s) = ICS(s)
f2
1−f1

CSY S2 =
∑

s∈Ω CS(s)

SC∗SP

AvgCS =
SP + SC

NS
Threshold = SC∗SP∑

s∈Ω CS(s)

AvgCohS = NS
TM

Cohesion

AvgCohO =
(NO
NS

)2

(TM
NS

)2

Complexity CXSnew(s) = ICS(s)+NS(s)+SG(s)
AvgCohO CXSY S2 =∑

s∈Ω CXSnew(s) ∗Weight(s)

Service granularity SG(s) =
∑

o∈S o

NO =
∑

o∈Ω o

Design size
NS =

∑
s∈Ω s

RIS(s) = IS(s)
NS SCZ =

1 −
∑

c∈Ω.C CS(c)−
∑

a∈Ω.A CS(a)−k∑
c∈Ω.C CS(c)+(SA−1)2

Other ACS(s) = IS(s) ∗ CS(s)

SI =
∑

a,b∈Ω SaSb

Ins(s) = CS(s)
IS(s)+CS(s)

Table 2.1: The chosen metrics that is used to evaluate the Offboard architecture.
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Chapter 3

Documenting Scania IoT Platform

3.1 Background on Scania IoT Platform

Internet of Things (IoT) is the connection of things, in this case vehicles, to a network.
This enables data gathered by the vehicle to be continuously analyzed for various
purposes. Some ways Scania is utilizing this is by e.g. tracking vehicles, route plan-
ning, maintenance planning and driver evaluation.

The Scania Internet of Things platform consists of the vehicles which are called "On-
board" and all the back-end systems, services and components termed "Offboard".
The Onboard network is connected to the telecom network via the communication
unit. The communication unit is gathering data about the vehicle and is also sending
and receiving information to and from the Offboard system via the message platform
(MP) [28]. MP is a message broker between the Onboard and Offboard systems, pro-
viding exactly one message delivery at once per vehicle [39]. Together these three
parts make up the the "extended vehicle". The extended vehicle together with the
mobile devices which are also using the Offboard services constitutes the Scania In-
ternet of Things platform seen in figure 3.1 [28].
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Figure 3.1: The Scania Internet of Things platform. The platform consists of the On-
board system (the vehicle), the Offboard system (back-end) and the mobile devices
using the Offboard system.

3.2 Mapping out Scania IoT Platform’s MSA

An attempt to determine the Offboard’s microservices architecture with Appdynamics
was made. Appdynamics is a monitoring software which can be used to analyze the
requests sent in a platform and draw a map of relationships between services [40].
However, that requires the monitoring software to be installed on every server, where
the services are located. Also, it required comprehensive configurations. Because of
the earlier, time consuming, initiative to set up Appdynamics for the Scania IoT plat-
form that was terminated, this approach was aborted.

Instead, interviews with the development teams were conducted, to determine the
Offboard’s microservices architecture. The interviewed teams were: Core Entities,
Daily Operations, Messaging, Service Planning, Scania Tachograph Services reactive
analysis, Scania Tachograph Services realtime services, Driver Evaluation, Vehicle Per-
formance, Remote Diagnostics Platform, Operational Data System, Operational Data
Platform, Troubleshooting, Diagnostic Data Services, Authentication and FeatureTog-
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gle.

The interviews were of semi-structured nature [41]. In some interviews all questions
were not asked and also the order of the questions varied. The questions asked were
based on the earlier literature study, found in section Related Work, and are listed
below:

1. What is the main function of the team and its services?

2. What are the dependencies of the microservices?

3. How many operations are there per microservice?

4. Where can documentation of the operations be found? In Swagger (a tool for
describing RESTful interfaces)? Or is it necessary to look in the code?

5. Where is the code stored?

6. Rank the importance of the quality attributes (flexibility, understandability and
reusability) for the Scania IoT platform.

The reason for the first question was to get general knowledge of the teams’ respon-
sibilities and goals, thus understanding the total architecture and its purpose better.
Also, to initiate a discussion about how the architecture and services are evolving.
The second question gave information about the services’ relationships resulting to
the architectural structure, seen in figure 3.2. Third question was asked to get basic
data used for calculation of metrics. If the third question could not be answered or
if more information about an operation would be needed, the fourth question was
asked. The number of operations were either obtained by examination of the Swagger
specification or by looking in the code. The code is stored using a version control sys-
tem, either GitHub or Perforce. Also, when question two could not be answered, code
reviews were done to map out the dependencies of the microservices.
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Figure 3.2: Offboard architecture of the Scania Internet of Things Platform
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Chapter 4

Metrics Calculation

The survey of what the development teams were considering the most important
quality attributes for its Offboard architecture resulted in the following list:

1. Flexibility

2. Reusability

3. Understandability

4.1 Service Metrics

The service metrics calculated for each service are found in Appendix Table of Service
Metrics except for AvgCS, AvgCohS and AvgCohO which are find below.

Coupling
In figure 4.1 the relative coupling of a service RCS and the relative indirect coupling
of a service RICS are plotted for each service. The five most coupled services in terms
of RCS are:

1. MS 49, RCS = 0,1618

2. MS 18, RCS = 0,1471

3. MS 60, RCS = 0,1324

4. MS 64, RCS = 0,1176

5. MS 65/MS 4, RCS = 0,1029

For simplicity reasons when calculating RICS only one iteration, i.e. only one level of
indirect coupling was accounted for. The five most indirect coupled services are listed
below:

1. MS 64, RICS = 4,32E-05

2. MS 18, RICS = 4,17E-05

3. MS 4, RICS = 3,74E-05
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4. MS 63, RICS = 3,17E-05

5. MS 49, RICS = 2,73E-05

The average coupling of the services was,

AvgCS = SP+SC
NS = 45+44

68 = 1.31.

Cohesion
The average cohesion of the services in the system was,

AvgCohS = NS
TM = 68

1764M = 3.85 ∗ 10−8.

To calculate TM Elastic stack was used. It is a tool for searching, collecting, analyzing
and visualizing data [42]. March 2017 was chosen as the time period. The average
cohesion of operations in the system was,

AvgCohO =
(NO
NS

)2

(TM
NS

)2
=

( 766
68

)2

( 1764M
68

)2
= 1.89 ∗ 10−13.

Service granularity
In figure 4.2 the service granularity SG for each microservice is plotted. The five largest
services are listed below:

1. MS 65, SG = 97

2. MS 60, SG = 74

3. MS 49, SG = 54

4. MS 4, SG = 52

5. MS 18, SG = 37

Complexity
In figure 4.3 the complexity, CXSnew, of the microservices are shown. None of the
microservices were composite services, thus NS(s) was always zero. To show the cor-
relation between SG and CXSnew, and ICS and CXSnew both SG and ICS are included
in the plot. The five most complex services are:

1. MS 65, CXSnew = 2,98E+09

2. MS 60, CXSnew = 2,26E+09

3. MS 4, CXSnew = 2,02E+09

4. MS 49, CXSnew = 1,89E+09

5. MS 18, CXSnew = 1,71E+09

The service granularity is compared to the importance of a service in figure 4.4. A
high value of both metrics results in a quite negative effect on the system’s complex-
ity.
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Other
In figure 4.5 the microservices’ IS, CS and ACS values are shown. Both IS and ACS
measures how much attention the developers should pay each service, for maximum
availability. Whereas CS is included to help understand ACS. IS instead of RIS was
used because IS is of the same order of magnitude as ACS, thus plots better in the
same chart. Generally speaking RIS is a better metric as it accounts for the system
size as well. However, the RIS values are found in Appendix A. The five microser-
vices with the largest IS value are listed below:

1. MS 10, IS = 21

2. MS 15, IS = 17

3. MS 13, IS = 15

4. MS 12, IS = 11

5. MS 11, IS = 9

The microservices with the largest ACS value are listed below:

1. MS 19, ACS = 36

2. MS 60, ACS = 27

3. MS 15, ACS = 17

4. MS 54, ACS = 16

5. MS 13, ACS = 15

The Ins metrics for each service is plotted in figure 4.6. The metric shows the ease to
change a service. Providers which has only incoming dependencies are resistant to
change whereas the consumers are not. When changing a provider other services are
affected while changing a consumer does not affect other services. Aggregators are
both consumers and providers hence inherits characteristics from both.
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Figure 4.1: Relative coupling of a service RCS and relative indirect coupling of a service RICS are plotted for each service. The right y-axis
is RCS and the left y-axis is RICS.
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the developers should pay each service for maximum availability. Whereas CS is included to help understand ACS.
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Figure 4.6: Plots the relationship of incoming and outgoing dependencies for each service. A value of 1 means that the service only has out-
going dependencies and 0 means that a service only has incoming dependencies. A high value means a change to the service affects none
or few other services. A low value means high resistance to change, i.e. one to many services are affected by a change of this service. Ins = 1
is equivalent to a consumer service and a Ins = 0 to a provider service. All other values indicate the service is an aggregator.
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4.2 System Metrics

Coupling
The system’s coupling measured by CSY S1 was

CSY S1 =
∑

s∈Ω CS(s)

NS2−NS
= 0.0338.

The system’s coupling measured by CSY S2 was

CSY S2 =
∑

s∈Ω CS(s)

SC∗SP = 0.0778.

The threshold value for consumers and providers, when aggregators can be added to
decrease coupling was

SC∗SP∑
s∈Ω CS(s) = 12.86.

Complexity
The complexity of the system was

CXSY S2 =
∑

s∈Ω CXSnew(s) ∗Weight(s) = 2.59 ∗ 1014.

Design size
Number of service in the system was

NS =
∑

s∈Ω s = 68.

Number of operations in the system was

NO =
∑

s∈Ω NO(s) = 766.

Other
The k function used in the centralization equation SCZ was

k = 0.9 ∗ (SC − SA) − (SA− 1)2 = −714.6.

The centralization value was

SCZ = 1 −
∑

c∈Ω.C CS(c)−
∑

a∈Ω.A CS(a)−k∑
c∈Ω.C CS(c)+(SA−1)2 = 0.1171.

The service pairs in which the services depend of each other and therefore fulfilled
equation

SI =
∑

s1,s2∈Ω S1S2

were MS 54 - MS 58, MS 54 - MS 67 and MS 54 - MP. This is a pattern that should be
avoided.
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Chapter 5

Discussion

AvgCS,AvgCohS,AvgCohO,CXSnew(s), SG(s), RIS,ACS, Ins, CXSY S2, NS,NO

are all lacking a reference scale, thus these metrics will act as reference point for fu-
tures measurements to guide the development in the right direction.

Coupling
All of the services score well on RCS. The service that has the highest value was
MS 49 (RCS = 0.1618); thus indicating that all services are loosely coupled. Since
none of the services have RCS = 1 the metric is valid to use. Furthermore, both
CSY S1 = 0.0338 and CSY S2 = 0.0778 indicate that the system is loosely coupled.
CSYS2 is not equal to 0.5, hence evaluation with this metric is viable. When num-
ber of services in the system are growing and the new services have coupling of a
service values in the range as the existing system, the system coupling is decreased,
seen in figure 5.1. Therefore, continuing developing new services in the same manner
improves the flexibility, reusability and understandability of the system in regard to
coupling. Also if the system shrinks and coupling of the services remain constant, the
total system coupling increases.

We would argue that RCS is a better metric for evaluating couping of a service than
RICS. As RICS is considering the coupling of the providers of the service as well, it is
more accurately describing the close environment’s coupling in which the service is
located than the coupling of the service.

AvgCS is a very simple measure of coupling as it is only measuring the number of
consumer and provider services and not their actual coupling. Furthermore, this met-
ric is also describing the amount of aggregators used in the system. Since aggregators
are both increasing SC and SP by one the metric becomes larger than one. The met-
ric indicates that 31% of the services are aggregators. However, as some services are
neither consumers nor providers, i.e. unused services, and requests are sent to and
from MP this is gives an erroneous result. The actual proportion of aggregators in the
system is 41%. When other metrics are available as in this case, they should be used
instead of AvgCS.
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Figure 5.1: Metrics CSYS1 and CSYS2 simulated for different design sizes. The prob-
ability for a service to have a certain coupling of a service value is based on the actual
system and is assumed be constant as the system grows. The coupling of the system
declines with increasing design size. For all simulations 10000 iterations were used and
the average of CSYS1 and CSYS2 were calculated. Also the proportion of consumers,
providers and aggregators was constant.

Cohesion
Both AvgCohS and AvgCohO are simple measures for cohesion. Only the average co-
hesion is obtained with these. If one is interested in which service that have the low-
est cohesion to know which service to improve, these metrics do not add any value.
Also, if the usage of the system increases more messages will be sent, hence these co-
hesion metrics will show a lower cohesion even though the system is not changed.
Therefore, when other more accurate metrics are available, they should be used in-
stead. Due to the insufficiency of these metrics the evaluation in regard of cohesion is
neglected.

When determining TM , all requests in the Offboard architecture was accounted for,
not only the microservices’ requests. This gives a slightly larger value on TM be-
cause requests sent to/from services outside the set of considered microservices, i.e.
services not accounted for in NS, are also counted. This results in a lower value for
AvgCohS and AvgCohO. Furthermore, the complexities of the services CXSnew get
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larger due to the lower AvgCohO. Higher values of CXSnew increase the complexity
of the system. A more reliable value would be obtained if only the requests from the
microservices, considered in NS, were accounted for. Also, the logs where the number
of requests were fetched are only stored a limited time, hence the average TM might
be affected by fluctuation in the usage of the platform over the different months.

The AvgCohO metric was discovered after the interviews had taken place, thus the
question weather the operations are asynchronous or synchronous was never raised.
To improve this metric one should make this separation.

Complexity and service granularity
It should be noted that, when calculating the complexity of the system only the ser-
vices with at least one operation or more add to the complexity. With SG = 0 the
Weight = 0. However, a similar pattern can be observed in the original CXF met-
ric. CXF is zero for all the providers. Both CXF and Weight are approximations of
the service’s size in relation to the system, neglecting services in the calculation of the
complexity which clearly add to the complexity of the system. We would argue that
Weight achieves its purpose better, since it is accounting for more services than CXF

in the calculation of the system complexity.

From figure 4.3 we see that SG is the best predictor of service complexity. However,
of the five most indirectly coupled services three of these are also the top five most
complex services. This indicates, together with the figure 4.3, that ICS is also a good
predictor of service complexity. If the cohesion of each service was used instead of
the average AvgCohO, one would obtain a more accurate complexity metric since the
cohesion is now constant for all services.

To avoid this relatively high service complexity for the large services, the service gran-
ularity should be decreased. As all the services scored well on coupling with RCS,
service granularity should be the main attribute to reduce service complexity to make
the system more flexible and understandable. Reducing SG for the large service also
indirectly increases the flexibility, understandability and reusability, due to higher co-
hesion. A large service could be argued to be a service larger than the average SG
which is 11.3. In that case MS: 4, 13, 14, 15, 16, 17, 18, 19, 46, 49, 50, 59, 60, 63, 64, 65
should be considered. However, the average is much affected by the few large ser-
vices. The median SG is 5, which better represent the majority of the services. Worth
noting is that while some services have a high SG some of these operations might be
old and not used, but the code for them still exists. These operations do not affect the
system more than adding a perceived complexity to the service which decreases the
understandability of it.

Furthermore, a high SG together with a high IS increase the system complexity. The
average IS for the providers is 3.6. The median is 2. The average value of IS is af-
fected much by the few services with many consumers. However, we define a "high
value" of IS as larger or equal to 4, to have a margin of error. The services worth
mentioning that satisfies SG larger than 11.3 and IS larger or equal to 4 are MS 13,
15, 16, 19.

Moreover, as the service granularity is decreased more services are most likely in-
troduced which add to the system’s complexity. As a counterargument, decreasing
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service granularity often increases cohesion which decreases complexity. It is a trade-
off which we would argue is a beneficial approach if focusing on making the larger
services smaller.

Design size
Without a relevant reference architecture the design size is not evaluated.

Other
IS, RIS and ACS are used for the same purpose: determining which microservices
that are the most important for the system to function. We would argue that IS or
RIS is better for this purpose because they measure how many services that depend
on a certain service. The services counted in the metrics are also the services that
need to be considered when modifying the service. ACS better explains how much
a service is integrated in the system, i.e. both using and providing resources. It does
not give as accurate information of the importance of a certain service for the sys-
tem as IS. If one is instead interested in determining how the importance of a service
change as the architecture evolves RIS should be used as it also accounts for the sys-
tem’s size.

Moreover, the Ins metric measures the ease to change a service. This is essentially the
same thing as IS. A service with a low IS value is easier to change than a service with
a large value. The benefit of IS is that its value can be used to interpret how many
other services that need to be considered when performing a change whereas Ins can
not be used this way. A service with Ins = 0.5 can have one or many consumers,
which is why IS should be used for this purpose. Though, Ins can be used to deter-
mine the degree that an aggregator is a consumer or a provider.

The system is quite decentralized, SCZ = 0.1171, thus the system is unflexible in
terms of centralization. One way to improve the flexibility is to add aggregators or
convert consumers and providers to aggregators. However, since many aggregators
already exists in the system utilizing these more by increasing their coupling in rela-
tion to the consumers’ coupling would make the system more centralized and flexi-
ble.

The microservice pairs that fulfilled the service interdependency criteria, SI, was MS
54 - MS 58, MS 54 - MS 67 and MS 54 - MP. However, while interviewing the teams
Remote Diagnostics Platform and Operational Data System, the responsible teams for
these microservices, it was clear that none of MS 54 and 67 were microservices. They
are of a more monolithic structure, which have been developed over time. These
larger services which contain more functionality result in more consumers. That could
be one explanation to why there is a service interdependency. Though, the teams are
working on converting these services to microservices. Apart from that, the existing
microservice architecture complies well with this metric.

General notes
A homogeneous documentation standard across the development teams, e.g. using
one provider for storing code and one format of naming microservices and service
interface would improve understandability of the services.
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5.1 Metric Values in 5 years, Based on Assumptions

To evaluate the calculated metrics further assumptions are made regarding the future
architecture. It should be noted that these are very rough guesses with the purpose to
analyze the metrics better and not to predict the future state of the architecture. The
assumptions are based on discussions with the Offboard system’s architects.

• The microservices are assumed to double in 5 years.

• The proportion of service consumers, providers and aggregators is assumed to
remain the same.

• Moving the microservices to AWS will most likely result in lower average ser-
vice granularity. The number of operation will therefore not double in 5 years,
it will grow at a lower rate. Daily Operations (DO) is one of the teams that are
utilizing the microservices principles. By calculating the average service granu-
larity for the team’s microservices we can avoid the more monolithic services in
the platform. Therefore a better prediction of how the future service granular-
ity will look like is obtained, assuming it will remain the same as DO’s services.
The average SG is 5 operations for the DO’s services (total average SG is 11.3).
The average future service granularity is therefore assumed to be 5. Although
the existing service are expected to decrease in size it is not expected that all of
services have an average services granularity of 5. That would result in a lower
total number of operation in 5 years than now, which might not be likely. The
average service granularity of the existing services is assumed to decrease to 10.
This results in a total future average service granularity of 7.5.

• Due to lower future service granularity, i.e. each service is doing less, the cou-
pling between the services is assumed to increase by 20% on average. The in-
crease in coupling leads to an increase of IS with the same rate.

• Total messages sent in the platform is assumed to increase with a factor of 1.5.
Although the services doubles it will most likely not be 68 new services, some
existing services is assumed to be divided into several smaller services. For
these services it is assumed that the messages rate remains the same.

• It is assumed that there will be no service interdependency between the future
services. The service pairs that had this dependency were of a more monolithic
nature and are most likely to be divided into several smaller services. These
smaller services is assumed to follow the current pattern of the microservices,
with no service interdependency.

With these assumptions the future service metrics, table 5.1, and the future system
metrics, table 5.2, are calculated. Since the increase in coupling and service granular-
ity is based on current average values, the future metrics are also calculated as the
average.
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Current Service Metrics Future Service Metrics

RCS(s) = 0.0333 RCS(s) = 0.04

Coupling RICS(s) = 7.87 ∗ 10−6 RICS(s) = 9.45 ∗ 10−6

AvgCS = 1.31 AvgCS = 1.31

AvgCohS = 3.85 ∗ 10−8 AvgCohS = 3.08 ∗ 10−8

Cohesion
AvgCohO = 1.89 ∗ 10−13 AvgCohO = 5.35 ∗ 10−14

Complexity CXSnew(s) = 8.88 ∗ 1013 CXSnew(s) = 1.24 ∗ 1014

Service granularity SG(s) = 11.3 SG(s) = 7.5

RIS(s) = 0.0344 RIS(s) = 0.0413

Other ACS(s) = 3.6765 ACS(s) = 5.2941

Ins(s) = 0.87 Ins(s) = 0.87

Table 5.1: The current service metrics compared to the assumed future service metrics
for the Offboard architecture.
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Current System Metrics Future System Metrics

CSY S1 = 0.0338 CSY S1 = 0.0201

Coupling CSY S2 = 0.0778 CSY S2 = 0.0467

Threshold = 12.86 Threshold = 21.43

Complexity CXSY S2 = 2.59 ∗ 1014 CXSY S2 = 2.58 ∗ 1014

NO = 766 NO = 1020

Design size
NS = 68 NS = 136

SCZ = 0.1171 SCZ = 0.0714

Other
SI = {MS 67 - MS 54} SI = {}

{MS 54 - MS58},
{MS 54 - MP}

Table 5.2: The current system metrics compared to the assumed future system metrics
for the Offboard architecture.

Coupling
The average RCS and the average RICS increase with 20% as a direct effect of the as-
sumptions. Furthermore, although the average coupling assumed increase was 20%
the AvgCS remains constant. This example shows the weakness of the AvgCS metric
as it only accounts for the number of consumers, providers and number of services.

As the average future coupling increases at a lower rate than number of services,
both CSYS1 and CSYS2 result in lower future values. This indicates a further decou-
pled system. The same argument can be made why the Threshold increases as well. In
this future case it is still more consumers and providers than Threshold thus it is still
beneficial for the coupling to add aggregators.

Cohesion
Due to lower future service granularity one expects the cohesion to increase. How-
ever, both AvgCohS and AvgCohO decrease. Again, these cohesion metrics do not give
an accurate description of the cohesion as it is sensitive to the usage of the platform
and not the actual structure of it.

Complexity
The complexity of the services are increasing on average. This is mostly due to the
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lower cohesion. One would expect the complexity of services to decrease as the ser-
vice granularity decreases but due to the cohesion metric the service complexity is
also suspected to be inaccurate.

Twice as many services, each with a higher service complexity leads to a more com-
plex system. The inaccuracy of the cohesion metrics is propagated to the calculation
of the system complexity as well.

Moreover, the negative effect on system complexity caused by a high SG and high IS
is reduced, as the larger services are divided to several smaller ones.

Service granularity
As a direct effect of the assumptions, the future service granularity decreases from
11.3 to 7.5. This shows that the current service granularity is quite high on average.

Design size
The design size is expected to increase quite a lot in terms of NS. One could there-
fore assume that the current design size is low. However, NS does not account for
the size of the services. When dividing a large service into several smaller, NS shows
an increase in system complexity when the actual system complexity might even be
reduced by larger service cohesion of the smaller services. Therefore, NS and NO
should be used together. When accounting for both, it is clear that the design size did
not increase as much as NS suggests. Sill the design size is obviously increasing and
so does the system’s complexity in terms of design size.

Other
The RIS and IS metrics increase with 20% as a direct consequence of the increased
coupling. ACS increases with 44% because both IS and CS increase with 20% each.
Since the ratio of the incoming and outgoing dependencies are assumed to remain the
same, Ins is constant.

With these assumptions the future SCZ indicates the system is becoming further de-
centralized. Adding aggregators or utilizing the existing aggregators more to improve
flexibility is therefore highly recommended. Furthermore, it is assumed that no ser-
vice pairs fulfill SI, which is an improvement of the current system.
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Chapter 6

Conclusion and Future Work

By implementing a metrics evaluation program the quality of the software architec-
ture can be improved. In this thesis a set of quality attributes measured by structural
metrics was used to evaluate the platform’s microservice architecture.

Also, developers can become more efficient since they better understand how per-
formance is measured, i.e. which quality attributes are the most important and how
these are measured. For Scania’s IoT microservice architecture the most important
quality attributes the were studied were: flexibility, reusability and understandability
(presented in decreasing importance).

Furthermore, the services and the system had low coupling and was decentralized.
Moreover, due to the lack of reference architectures the other metrics will act as a
point of reference as the architecture evolves, to measure if the changes are increas-
ing or decreasing the architectural quality.

Recommendations how to improve the architecture:

• Divide services with high services granularity into several smaller services to
increase service cohesion and decrease service complexity. This increases the
flexibility, understandability and reusability.

• When both importance of a service and the service granularity are high, reduce
the service granularity to decrease system complexity. This increases flexibility
and understandability.

• Keep the current coupling of a service values constant as the system grows and
the system will remain decoupled.

• Add aggregators or convert consumers or providers to aggregators to make the
system more centralized. Alternatively, utilize the existing aggregators more by
increasing their coupling in relation to the consumers’ coupling. This improves
the flexibility of the system.

• Also, aggregators can also be used to decrease the coupling of the system, thus
increasing flexibility, understandability and reusability.

• Avoid service interdependency.
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To improve this thesis work dynamic, i.e. runtime, relationships could be considered
instead of static dependencies. For that to be possible, monitoring software needs
to be installed on the servers. However, when all microservices are deployed on the
cloud the integration of monitoring services might be less time-consuming. Further-
more, this process should be automated to be effective. Interviewing, manually count-
ing and calculating the metrics is not a sustainable method. It is time-consuming and
is prone to error with all the manual work.

Additionally, to better analyze the metrics which are lacking a reference scale one
could do a statistical analysis and compare the current metrics’ value against it. Also,
a more accurate cohesion metric is recommended to be used to better describe this
property and to avoid other structural properties to be erroneously affected.

Moreover, to successfully implement a metrics system, more research regarding im-
plementation is required. As of today it can be a challenge [43].
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Appendix A

Table of Service Metrics

C is short for consumer service. A is short for aggregator service. N/A is substituted
were division with zero occurs.
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Table A.1: Metrics calculated for each service

Microservice SG(s) IS(s) RIS(s) CS(s) RCS(s) ACS(s) Ins(s) ICS(s) RICS(s) CXSnew(s) Weight(s) C A
1 5 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 2,65E+13 0,0065
2 0 0 0,0000 2 0,0294 0 1,00 3 4,32E-06 1,59E+13 0,0000 Yes
3 0 0 0,0000 3 0,0441 0 1,00 4 5,76E-06 2,12E+13 0,0000 Yes
4 52 1 0,0147 7 0,1029 7 0,88 26 3,74E-05 4,14E+14 0,0679 Yes Yes
5 1 4 0,0588 1 0,0147 4 0,20 1 1,44E-06 1,06E+13 0,0013 Yes Yes
6 2 0 0,0000 4 0,0588 0 1,00 17 2,45E-05 1,01E+14 0,0026 Yes
7 5 2 0,0294 0 0,0000 0 0,00 0 0,00E+00 2,65E+13 0,0065
8 10 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 5,30E+13 0,0131
9 6 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 3,18E+13 0,0078
10 5 21 0,3088 0 0,0000 0 0,00 0 0,00E+00 2,65E+13 0,0065
11 10 9 0,1324 0 0,0000 0 0,00 0 0,00E+00 5,30E+13 0,0131
12 8 11 0,1618 0 0,0000 0 0,00 0 0,00E+00 4,24E+13 0,0104
13 27 15 0,2206 1 0,0147 15 0,06 1 1,44E-06 1,48E+14 0,0352 Yes Yes
14 16 3 0,0441 0 0,0000 0 0,00 0 0,00E+00 8,49E+13 0,0209
15 18 17 0,2500 1 0,0147 17 0,06 1 1,44E-06 1,01E+14 0,0235 Yes Yes
16 23 4 0,0588 2 0,0294 8 0,33 3 4,32E-06 1,38E+14 0,0300 Yes Yes
17 16 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 8,49E+13 0,0209
18 37 0 0,0000 10 0,1471 0 1,00 29 4,17E-05 3,50E+14 0,0483 Yes
19 20 6 0,0882 6 0,0882 36 0,50 11 1,58E-05 1,64E+14 0,0261 Yes Yes
20 0 0 0,0000 5 0,0735 0 1,00 12 1,73E-05 6,36E+13 0,0000 Yes
21 0 0 0,0000 5 0,0735 0 1,00 12 1,73E-05 6,36E+13 0,0000 Yes
22 0 0 0,0000 1 0,0147 0 1,00 2 2,88E-06 1,06E+13 0,0000 Yes
23 7 2 0,0294 4 0,0588 8 0,67 10 1,44E-05 9,02E+13 0,0091 Yes Yes
24 8 3 0,0441 3 0,0441 9 0,50 4 5,76E-06 6,36E+13 0,0104 Yes Yes
25 0 0 0,0000 1 0,0147 0 1,00 5 7,20E-06 2,65E+13 0,0000 Yes
26 0 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 0,00E+00 0,0000
27 10 2 0,0294 5 0,0735 10 0,71 9 1,30E-05 1,01E+14 0,0131 Yes Yes
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28 1 0 0,0000 2 0,0294 0 1,00 13 1,87E-05 7,42E+13 0,0013 Yes
29 9 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 4,77E+13 0,0117
30 0 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 0,00E+00 0,0000
31 4 0 0,0000 4 0,0588 0 1,00 9 1,30E-05 6,89E+13 0,0052 Yes
32 6 2 0,0294 1 0,0147 2 0,33 2 2,88E-06 4,24E+13 0,0078 Yes Yes
33 11 2 0,0294 0 0,0000 0 0,00 0 0,00E+00 5,83E+13 0,0144
34 11 0 0,0000 2 0,0294 0 1,00 5 7,20E-06 8,49E+13 0,0144 Yes
35 6 3 0,0441 1 0,0147 3 0,25 2 2,88E-06 4,24E+13 0,0078 Yes Yes
36 10 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 5,30E+13 0,0131
37 0 1 0,0147 1 0,0147 1 0,50 1 1,44E-06 5,30E+12 0,0000 Yes Yes
38 5 3 0,0441 1 0,0147 3 0,25 2 2,88E-06 3,71E+13 0,0065 Yes Yes
39 5 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 2,65E+13 0,0065
40 5 0 0,0000 5 0,0735 0 1,00 11 1,58E-05 8,49E+13 0,0065 Yes
41 5 3 0,0441 3 0,0441 9 0,50 5 7,20E-06 5,30E+13 0,0065 Yes Yes
42 0 0 0,0000 1 0,0147 0 1,00 2 2,88E-06 1,06E+13 0,0000 Yes
43 0 1 0,0147 1 0,0147 1 0,50 2 2,88E-06 1,06E+13 0,0000 Yes Yes
44 2 1 0,0147 1 0,0147 1 0,50 2 2,88E-06 2,12E+13 0,0026 Yes Yes
45 2 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 1,06E+13 0,0026
46 28 3 0,0441 4 0,0588 12 0,57 5 7,20E-06 1,75E+14 0,0366 Yes Yes
47 1 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 5,30E+12 0,0013
48 5 4 0,0588 0 0,0000 0 0,00 0 0,00E+00 2,65E+13 0,0065
49 54 0 0,0000 11 0,1618 0 1,00 19 2,73E-05 3,87E+14 0,0705 Yes
50 21 3 0,0441 5 0,0735 15 0,63 8 1,15E-05 1,54E+14 0,0274 Yes Yes
51 1 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 5,30E+12 0,0013
52 1 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 5,30E+12 0,0013
53 2 0 0,0000 2 0,0294 0 1,00 11 1,58E-05 6,89E+13 0,0026 Yes
54 8 4 0,0588 4 0,0588 16 0,50 7 1,01E-05 7,95E+13 0,0104 Yes Yes
55 4 2 0,0294 0 0,0000 0 0,00 0 0,00E+00 2,12E+13 0,0052
56 0 1 0,0147 0 0,0000 0 0,00 0 0,00E+00 0,00E+00 0,0000
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57 2 0 0,0000 0 0,0000 0 N/A 0 0,00E+00 1,06E+13 0,0026
58 5 1 0,0147 1 0,0147 1 0,50 5 7,20E-06 5,30E+13 0,0065 Yes Yes
59 15 3 0,0441 4 0,0588 12 0,57 7 1,01E-05 1,17E+14 0,0196 Yes Yes
60 74 3 0,0441 9 0,1324 27 0,75 13 1,87E-05 4,61E+14 0,0966 Yes Yes
61 1 1 0,0147 4 0,0588 4 0,80 9 1,30E-05 5,30E+13 0,0013 Yes Yes
62 11 3 0,0441 0 0,0000 0 0,00 0 0,00E+00 5,83E+13 0,0144
63 24 2 0,0294 6 0,0882 12 0,75 22 3,17E-05 2,44E+14 0,0313 Yes Yes
64 24 1 0,0147 8 0,1176 8 0,89 30 4,32E-05 2,86E+14 0,0313 Yes Yes
65 97 0 0,0000 7 0,1029 0 1,00 18 2,59E-05 6,10E+14 0,1266 Yes
66 5 3 0,0441 2 0,0294 6 0,40 3 4,32E-06 4,24E+13 0,0065 Yes Yes
67 5 1 0,0147 2 0,0294 2 0,67 8 1,15E-05 6,89E+13 0,0065 Yes Yes
68 10 1 0,0147 1 0,0147 1 0,50 1 1,44E-06 5,83E+13 0,0131 Yes Yes
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