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Abstract

The microservice architectural style has risen to a prominent place during the last decade
in synergy with the development of the cloud. Those two aspects of software architecture
work in symbiosis with the distributed and independent nature of microservices permitting
central requirements of cloud hosted applications such as scalability, flexibility and
efficiency in resource utilisation to be fulfilled while the tendency to host applications on
the cloud has given its full relevance to the microservice architecting style. Even though
microservice architecture has spread by virtue of its undeniable advantages, it has brought
new difficulties equally consequences of the source of its benefits. The multiplication of
independent executable entities is an hindrance to global representation of the system
which coupled to the independence of development teams can lead to an increasingly
obscure and pointlessly complicated state. To tackle this challenge, software architects
can rely on Architecture Description Languages (ADL) whose aim is precisely to represent
the architecture of a system. Multiple ADL propositions have been made to represent
microservice architecture about which we identified two main shortcomings. Firstly they
share a common model that doesn’t make overarching abstract structures such as design
patterns first class citizens of the languages. Secondly their ultimate focus is to generate
procedural execution code which goes against the fundamental technology agnosticism
of the microservice style but also condemns the ADL to be irreversibly desynchronised
with the actual application since the generated code needs completion and adaptation.
To answer those unsolvable limitations we propose a new microservice ADL model and
language, named Concern Oriented Microservice Architecture (COMSA) and its associated
toolbox. We use the Concern concept to semantically anchor a structure encompassing
microservices made first class citizen of the language thus making architecture description a
necessity by design. That orientation is supported by compilers producing code executable
without any modification thus making COMSA an executable language. This is made
possible by choosing declarative deployment languages as target languages which permits
not to consider the order of instructions in compilation and leave complete freedom of choice
to the developers in terms of microservices implementation technology. Through rewriting
of a dataset of Docker Compose microservices applications in the COMSA language, we
established that on average application used tree times less properties indicating a major
increase in coherence and supporting the qualitative benefits we describe in terms of

understandability, error resilience and maintainability.






Résumé

Dans les dix dernieéres années, le style d’architecture a microservices a pris une place
majeure dans la conception des applications. La croissance de son importance s’est
faite en symbiose avec le développement du cloud, la nature distribuée et indépendante
des microservices trouvant sa pertinence en permettant aux applications d’exploiter les
possibilités de l'infrastructure telles que la mise a 1’échelle, la flexibilité et 1'efficacité dans
I'utilisation des ressources. Bien que le style d’architecture a microservices doit sa large
adoption dans I'industrie a ses indéniables mérites, il a aussi apporté de nouvelles difficultés
consubstantielles a ses avantages. La multiplication d’entités exécutables indépendantes
rend la représentation du systeéme difficile, et le fait de permettre 'indépendance des
équipes de développement, bien que produisant des gains considérables dans les délais
d’intégration, créé un risque accru de dérive vers des systémes inutilement complexes et
obscurs. Pour limiter ces conséquences néfastes, les architectes logiciels peuvent s’appuyer
sur des Langages de Description d’Architecture (ADL). Par I’étude des ADL spécifiques aux
applications a microservices existants, nous avons identifiés deux principaux manquements
qui sont le partage d’'un métamodele ne faisant pas des structures architecturale abstraites
des citoyens de premiere classe dans le langage et d’avoir pour finalité de produire du
code métier procédural ce qui, d'une part, va contre I'agnosticité technologique qui est au
coeur de l'esprit des applications a microservices, et d’autre part produit une inévitable
désynchronisation entre la description architecturale et I’application puisque le code généré
demande d’étre adapté et complété. Pour répondre a ces limitations, nous avons congu un
nouveau métamodele pour les ADL microservices ainsi qu'un language 'implantant nommé
Concern Oriented Microservice Architecture (COMSA) accompagné d’une boite & outils.
Nous proposons ainsi une nouvelle maniere de concevoir la description des applications a
microservices, en utilisant le concept de préoccupation pour ancrer sémantiquement une
structure syntaxique faisant de la description architecturale une nécessité de conception.
Cette proposition est soutenue par des compilateurs produisant du code exécutable sans
modification faisant de COMSA un langage exécutable. Par la réécriture d'un jeu de
données d’applications décrites via le langage Docker Compose dans le langage COMSA,
nous avons établi qu’une application écrite en COMSA demandait en moyenne trois fois
moins de propriétés pour une description équivalente. Ce résultat indique immédiatement
un gain considérable en cohérence et vient corroborer les améliorations qualitatives en

intelligibilité, tolérance aux erreurs et efforts de maintenance.
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Chapter 1

Introduction

1.1 Motivation

The microservice architecting style has risen as one of the main programming and execution
paradigms in the last decade with a majority of enterprises already having and continuing
to incorporate the technology in their systems [11] and is expected to maintain its growth
in absolute terms as well as in market share in the years to come [44] [82] [83] [38]
[45]. Tt has delivered many of its announced benefits regarding modularity, technology
freedom, scalability, fault tolerance or development independence. The source of those
considerable gains is first a technological revolution in the conception of applications
structures. Applications were first considered as single executional unit, from which the
term "monolithic application" comes from. They could logically be decomposed into
different parts, but each of those parts are in the end indissociable, having to share the
same execution environment in terms of software as well as in term of hardware. The
idea of microservices is to have an executional functioning mirroring the logical design
of applications. Each logical part of the application becomes its own process, able to
run independently from other parts using different software and potentially running on
different hardware. Those independent components interact with each other, usually
through network communication, to act together as a coherent system identical from an
exterior point of view to a monolithic application.

Even though it has resolved most of the challenges modern application hosting and
development poses, it has also renewed the ancient domain of software achitecture bringing
new difficulties while solving old ones. Through bounded context and dedicated execution
environment microservices has removed most of the coupling difficulties that were a
constant concern in monolithic applications. On one hand, microservices function as
a black box to their counterparts and as such they are totally independent in their
implementation allowing small teams to practice continuous integration and development
as long as the contract they have with the other parts of the application are respected.

On the other hand, that new level of autonomy, distribution and evolvability, all coming
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from the execution independance of microservices, has brought new architectural risks [61]
limitable only by a considerable supplementary burden at design time as well as during
the application life cycle.

Mitigating this problem relies mainly on thoughtful decisions and even thought tools
and analysis means have been proposed, the lack of solutions globally adopted hints to a
fundamental problem that cannot be ideally solved. The first and most important step
in making those decisions is to dispose of a clear view of the system. To that effect we
considered the specific languages describing the applications in their entirety, thus being
by definition Architecture Description Languages (ADL). Looking at the existing solutions
we concluded that they did not provided a satisfying solution due to a common and
unfited model. We then decided to conceive a new microservice Architecture Description

Language based on a simple but radically different model.

1.2 Research questions

e RQ#1: On the current state of microservices ADLs:

— What is the current state of microservice ADLs?

— Do they adequatly describe microservices-based applications?
— Which gains do they bring?

— What are their limitations ?

« RQ#2: On a new model for microservice ADL:

— Which model would fit microservice applications description?

— What gains can be expected?
e RQ#3: On the semantics for a new microservice ADL:

— What are the objects that would be represented to form the semantics of a new

microservice ADL?

— How are those objects represented in real world applications ?

1.3 Contributions

1.3.1 The State of The Art

We first have identified the available Architecture Description Languages specifically
oriented toward microservice-based application. Then we have gathered a list of character-
istics and features used to qualitatively evaluate ADLs in general and applied those criteria

to the identified languages. As a general conclusion we answer negatively to RQ#1 with
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the observation that architecture is not adequatly described and that microservices ADLs
focus more on the component description than on the applications topology. Two main
flaws in our view are the source of this situation. First, most of the languages are based on
a model that instead of having architectural constructs at the root level of the descriptions
have the microservices. Because of that architectural links are, if expressed, relegated as
in line attributes of microservices which does not provide and immediate and clear view of
the application structure. Second, most microservices ADLs focus ultimately on business
code and generally on generation which poses multiple problems whose principal one is
that in all cases code produced has to be modified to be executable, an immediate and ever
growing divergence between the runnable code and the description happens making the
later incorrect and ultimately useless. That focus also goes against one of the fundamental
benefits of the microservice which is to allow technology freedom in service implementation
as the burden to maintain code generation for a single language is considerable, all the
more for multiple languages and at best delayed for latest modifications, new and less

spread technologies.

1.3.2 A new model for Microservices Architecture Description

The most fundamental contribution is the proposition of a new model for microservice
application architecture description answering RQ#2. We thought of a solution to
remedy to the limitations we identified in the existing solutions and decided to introduce a
descriptive structure as first class citizen of the language fitting to express the architectural
structures. The landscape of what can be considered an architectural structure is wide and
hard to encompass and we quickly realized that limiting it to architectural design patterns
was not appropriate to represent the point of view of the architects. Answering part of
RQ#3 we decided on utilizing the Concern concept which is an ancient idea in informatics
that aims to segment descriptions in multiple points of views that represent the architect
vision. The formal materialization of that abstraction is to link sets of components to
sets of properties shared by the former and that pertain to a certain concern of the
architect relative to the application. While proposing a radically new form of description
we ensured that it was compatible with the previous model by being an extension that
still allowed to express microservices at the root of the description alongside Concerns. In
addition to the formal compatibility it permits users to transition slowly incorporating
properties from services to Concerns and provides a focus at design time by having a
reflection on properties not included in patterns and their architectural significance. The
modest but existing overload of introducing a new abstraction is largely countered by
the expected gains in coherence, maintainability and error avoidance since multiplication
of identical properties is a common and unfortunate phenomenon in microservice-based
applications descriptions that can be almost entirely removed by their unification in really

unique properties in Concern contained property sets. The question of recomposition in
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the perspective of execution of Concerns based descriptions to functionally equivalent
ones but without the supplementary Concern abstraction is an historical limit of Concern
oriented programming that we solved by describing our model possible implementation as
necessarily declarative thus removing the question of order of properties in the produced
description. From that we identified deployment files as the best candidates because of
their commonly declarative nature but also because of their technological agnosticity
relatively to services implementation which fits the microservice spirit and focuses on the

topology rather than the technological specificities.

1.3.3 Concern Oriented MicroService Architecture: A Concern-
based language and associated toolbox for microservice

application description and deployment

Having established a new model for microservice application we went on to propose
a concrete syntax for our language model as well as an associated toobox to make it
executable. We used Pkl, a new programming language blending object oriented and
functional programming and focusing on configuration to establish the concrete structure
of description files as well as the definition of objects whose central element is the Concern
concept implemented as a class. To make the language usable we developed a series
of tools among which the compilers are the most essentials by allowing translation to
immediately executable Docker Compose files and Kubernetes manifests making de facto
COMSA an executable language. We completed the toolbox with two representation tools.
The first produces a view of concerns in the form of hypergraphs encompassing services
and allowing for an high level view of the system and spotting inconsistencies. The second
produces a view of the communication links and deployment dependencies expressed in
the description files. Other tools have been developped in order to analyse the architect
descriptions and detect possible inconsistencies.

In order to help users structuring their applications, we established a library of concerns
which fueled a reflection on Concerns types that led us to organise our Concern tree
between property centric and service centric concerns. That original distinction appeared
to have intrinsic relevance not only as a precision to the answer to RQ#3 but also as
an underlying characterization of the taxonomy of the different entities in microservice
architectural element. To give an evocative example, the restart policy for an application
is centered on a property often shared by all microservices while the communication
pattern is centered around a particular microservice. Another original characterization
that emerged was the observation that technical services distinguish themselves from
business services by being at the center of a Concern, avoiding a tedious listing of the

multiple technical types and technologies.
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1.3.4 Numeric Evaluation of COMSA and Microservice Appli-

cation Dataset Analysis

While we were confident in our arguments in the advantages provided by a concern oriented
ADL for microservice application description, we wanted to establish its relevance through
numerical data. To that effect we used a curated dataset of microservice applications
and translated 21 Compose descriptions in the COMSA concrete syntax. We decided on
Compose description because of its representativity of the common microservice ADL
model and because it has very little language specific structures. We then determined a
metric to compare both kinds of descriptions and decided on properties understood as
an instance of an unique association of a value to an attribute. Through this process
we arrived at a our main scientific result showing that on average it took tree time
less properties to express description at least equivalent, meaning that any property
assigned to a service in the original description was also assigned explicitly or implicitly
to the main service. Indeed, specific concerns, particularly design patterns, allow to not
explicitly mention a property but assume its presence and it being generated at compile
time. Through that process the COMSA language goes over the possible gain in property
reduction on average by a factor of 0.85 and even expresses more than what was in the
original description file on average doubling the number of expressed dependencies.

Using our COMSA dataset to answer RQ#3, we used it to analyse the concern composition
of existing applications to extract widely spread architecture deficiencies such as the limited
share of application having an explicit restart policy. Based on our observations we propose
the idea of characterizing microservice applications through sets of Concerns. Having
found the API gateway pattern as being the most spread across the dataset, we found
that the abstract modular application type combining API gateway with one of two forms
of communication pattern (service registry vs messaging) and one of two forms of data

storage and access patterns (dedicated vs shared) covers 38% of the dataset.

1.4 Outline

We start with Chapter 2 by contextualising the microservice architecture style in software
archictecture development going from monolithic architecture to microservice and passing
by service oriented architecture. For each style we describe their fundamental structure
model and the limitations that lead to the appearance of the next style in the hope that
they would be overcome. Arriving at microservices we conclude that when applied to
appropriate situations, it brings most the gains it was aiming at but that its fragmented
nature also brings some new pains that can be mitigated with a clear view of the system

and that the best tools for providing it are architecture description languages.

In Chapter 3 we present the different criteria to categorize and evaluate Architecture
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Description Languages. We then go on with a presentation of the identified exiting
microservice ADLs before applying the evaluation grid we established. We conclude this
chapter by expressing our dissatisfaction with the available languages because of their
focus on describing the components rather than the architecture thus missing the original

aim which then limits the tools proposed around the language.

Chapter 4 is the heart of this thesis as it presents our original proposition to remedy the
unsatisfying state of the art we have observed in the previous chapter. It first presents the
underlying model we put forward as able to correctly describe microservice architecture
which is an extension to what we identified as the common model to other microservices
ADLs. It introduces a new structure as first class citizen that links sets of microservices
and sets of properties. Through it we can unify scattered properties, thus reducing their
numbers and increasing coherence of the system. We then introduce the Concern concept
as the appropriate instantiation of this new structure because of its malleability that
allows to encompass any aspect of microservice-based applications. The most part of this
chapter consists in the main contribution of this thesis and is the exposition of the core of
the COMSA language and the description files structure giving a concrete syntax to the
Concern concept thus instantiating our new model. Doing so we present the gains allowed

by the use of this new model.

Chapter 5 presents a library of concerns we have established and its implementation
as classes inheriting from the Concern class. Aside from providing a large selection of
examples extracted from the rewriting of a dataset of Docker Compose descriptions of
applications, we introduce the fundamental distinction between Concerns based on a
central properties and Concerns based on a particular microservice. We conclude from our
analysis that property centric concerns are to be integrated into service centric concerns as
much as possible and identify which categories of property centric concerns are legitimate
to exist by themselves.We also provide a simple but meaningful syntactic characterization

of technical microservices as being at the center of a pattern.

Chapter B presents the toolbox associated with the COMSA language. Its most impor-
tant tools are the compilers allowing to translate COMSA descriptions of microservice
application to functionally equivalent and immediatly executable Docker Compose and
Kubernetes descriptions. That makes the COMSA language an executable language
as no modification to the produced files are needed and thus an alternative to existing
solutions for deployment. Other notable tools are representation tools allowing to produce
graphical representation of the system, error checkers indicating architectural deficiencies

and analytic tools providing metrics on applications based on their descriptions.

Chapter 6 presents the results of the application of the COMSA language to a set of
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microservice applications whose original description files were done using the Docker
Compose Language in Yaml format. The main result is that on average an application
can be described in COMSA using tree time less properties than with Docker Compose.
It directly confirms the coherence gain provided by using a concern-based language. The
second part of the evaluation contains an analysis of the repartition of identified concerns
in the dataset. Emerging from an individual analysis of concern repartition, we propose a
characterization of microservice-based applications through tuples of instantiated concerns.
In particular as we observe the API gateway pattern as the most spread in the dataset
and we propose a combinatory characterization of the patterns function of the storage

topology (shared or scattered) and communication choice (synchronous vs asynchronous).






Chapter 2

Emergence of Microservices

Microservice architecture is a paradigm that has emerged in the last decade and has
evolved as one of the most considerable software architectural style. As such, it can be
defined positively but having emerged from the industry as a response to the existing
difficulties the prior paradigms encountered there is some value in looking at what was

until then the dominating styles.

2.1 From Monolithic Applications to Microservices

2.1.1 Monolithic Applications

As the name indicates monolithic applications are to be considered as units of execution
where all the application logic is being expressed in a single chosen language through its
specific concepts with no general necessity to avoid coupling. As Dragoni puts it in [25]
"A monolith is a software application whose modules cannot be executed independently.”
Because of that the physical support for the execution of a monolithic application is
necessarily a single machine and scaling has to be done horizontally, by replicating the

whole application [64].

2.1.2 Monolithic Applications Shortcomings

The nature of monolithic applications is the source of multiple technical issues among
which we can distinguish those that are relative to development and those that are relative
to deployment and operation.

On the development front we note that due to their monolithic nature, they grow to
become large programs [65] making them "difficult to maintain and evolve" [25]. For the
same reason multiple modules involve multiple libraries and because of that "adding or
updating libraries results in inconsistent systems' [25] or imply important and costly code

updates [65]. Finally having all parts of the code linked together implies a "technology
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lock-in for developers, which are bound to use the same language and frameworks of the
original application" [25] [65].

On the deployment and operation side, the necessity of a unique deployment envi-
ronment for the entire application forces a "one-size-fits-all configuration" that implies
having to arbitrate about a global environment in which different modules with different
requirements will live. As the application has at its root a single process, any modification
or failure implies a complete reboot provoking considerable downtime. The same reason
makes horizontal scaling as coarse-grinded as imaginable as it is not possible to scale parts
of the application but only to replicate it entirely [25] [65].

The implications of these limitations are not only technical but reflect on the developing
team organization. As it is not possible to dissociate the execution of the different parts
of the code, any modification has to be validated by a large proportion of the team
or at least by some central authority. Indeed any default could potentially render the
entire system unusable. Because of that decisions are heavily centralized and necessitate
the consultation of a large number of people to ensure that the changes will not have a

problematic effect on their area [25] [65].

2.1.3 Services

Service Oriented Architecture To tackle the limitations of the monolithic applica-
tions, a new paradigm has emerged in the early 2000s called Service Oriented Architecture
[59]. Put simply the idea is to decompose the "classical" monolithic application in multiple
independent services modeled on real-world business activities. The inner workings of one
service are unknown to one another and the interaction is done through exposed interfaces
that services agreed upon in documents called "contracts' that define the operations
provided and the means of communication to use them.

Those service interfaces are commonly exposed through Application Programming
Interfaces (APIs), which define how services can be invoked by external clients or other
services. Historically, Service-Oriented Architecture relied heavily on standardized proto-
cols such as SOAP, often coupled with formal interface descriptions, in order to ensure
interoperability across heterogeneous systems. In contrast, microservice architecture has
largely favored lighter-weight communication styles, most notably RESTful APIs, which
emphasize stateless interactions and resource-oriented design. More recently, alternative
API paradigms such as GraphQL have emerged, offering increased flexibility in data
querying at the cost of more complex API management.

The core novelty of SOA is then that while having the same behavior from the external
user point of view, instead of having a big, one process, application as it is the case in
monolithic architecture, the application will be a set of independent processes acting as

one. Migrating from monolithic architecture, that can be done through splitting one



2.1 From Monolithic Applications to Microservices 11

application into services or through reuniting different applications into one and affecting

replicated functionalities to a particular service.

The legacy of SOA This somewhat technical, description of SOA could fit Microservice
Architecture as well, and considered from a high-level perspective, Microservice architecture
is indeed a particular instance of Service Oriented Architecture.

While fundamental the technical aspect of SOA is not its main contribution but instead
a consequence to its main destination which is to be a design paradigm. It aims to realize
the separation of business concerns through the concept of service using the following set

of principles [28]:

« Standardized Service Contract: document indicating how to interact with a

service.

« Service Loose Coupling: Aiming to have on one front minimal dependency
between clients and the service contract and on the other front minimal - ideally

none - dependency between the service contract and the concrete implementation.

« Service Abstraction: Expose as little as possible of service to its environment to

allow for loose coupling.

« Service Reusability: Design services capabilities while being agnostic to functional

contexts allowing for multi-purpose logic.

o Service Autonomy: Designing services having in mind "isolation levels and service

normalization" to allow for availability, reusability, and scalability.

» Service Statelessness: Aiming at minimal statefulness to increase availability and

scalability.

« Service Discoverability: Aiming for service accessibility and usability to be

minimally dependent on the environment to enable maximum reusability.

» Service Composability: Design services so that they can be reused as parts of

future compositions.

Here again, all those fairly general principles are central to Microservice Architecture

design.

SOA vs MSA As we have seen MSA is not distinguished from SOA through its
core technical mechanism or its principles as a design pattern. Moreover, MSA can be
considered as a particular style of SOA.

However, SOA cannot be reduced to these general principles as it has existed as a real

practice that MSA used as a basis to distinguish itself from, either in opposition or as a
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precision. In its 2015 book [84], Richards notes the following distinctions between SOA
and MSA :

e Service characteristics:

— Service Taxonomy: MSA distinguishes only between functional services and
infrastructural services. Functional services provide application-specific business
functionalities while infrastructural services provide technical functionalities

that are nonspecific to a particular application.

client requests

api layer

functional infrastructure
service service

Figure 2.1: MSA taxonomy [84]

SOA has a much more developed taxonomy with four different types that
can be ranked in levels of decreasing abstraction and increasing specificity.
Business services are abstract services, void of implementation and define
business operations at enterprise level. Enterprise services are concrete services
implementing business services, they are usually "shared across the organization”.
Application services provide specific operations to enterprise services that are
not business operations but are used to resolve them. Lastly, Infrastructure

services provide non-business functionalities used to run the system.

business services

messaging middleware

enterprise services

application services  4s . infrastructure services ([

Figure 2.2: SOA taxonomy [84]

— Service Ownership: In SOA service ownership matches service taxonomy with

separate owners for separate types. An important similarity with Monolithic
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applications is the distinction between business service teams and infrastructure
service teams. The negative consequences of that separation are the same as in
Monolithic applications development i.e. each decision implies the coordination

of an important part of the organization.

— Service Granularity: SOA does not give particular guidelines relative to

service granularity while MSA aims for one distinct capability per microservice.

In practice, SOA services are akin to monolithic applications going "from small
application to very large enterprise services." Regarding Microservices it is
to be noted that the service granularity problem is then transmitted to the

capabilities granularity problem.
e Architecture Characteristics:

— Component Sharing: SOA tends to favor a "share-as-much-as-possible’
approach grouping resources in shared services used by as many other services
as possible and thus clarifying subtle differences in shared concepts by removing
functionality duplication but also increasing coupling by centralizing service
dependencies. MSA takes the opposite approach namely "share-as-little-as-

possible" favoring repetition over coupling.

— Orchestration vs Choreography: SOA tends to favor orchestration of
services i.e. having a central component controlling the general workflow
while MSA is better suited for choreography, a style where the workflow is not
centralized. In SOA, by design, a Middleware component (such as an Enterprise
Service Bus) manages communication with the different enterprise services
under which choreography can happen. The component responsibility can vary
but it often manages message transformation so that a service can interact with
another without knowing the precise input it needs. That allows for multiple
communication protocols in an SOA application. Such a component is not
fundamental in MSA where services must know how and where to request
needed resources. Because of that the communication protocol must be unified
throughout the entire MSA application and each microservice must know the
exact contract of the other microservices it interacts with. It is to be noted that
recent developments in microservices have brought orchestrating components

e.g. Kubernetes.

2.1.4 Microservices’ Solutions to Monolithic Applications Short-
coming
Microservices are meant to solve or at least mitigate the difficulties encountered by

monolithic and service-oriented architectures. The gains that style has brought can be

classified into different categories [90]:
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« Design time: The usage of "bounded contexts" [30] [63] allows separation and
encapsulation of the concepts of an application in smaller entities. This indepen-
dence, with only some points of contact needing mutual understanding, brings easy
governance, flexibility as well as it allows the application to be fault tolerance by
design and permits it to be cloud native [90]. The particular nature of microser-
vice applications has led to the development of specific design patterns [87] that
either bring positive gains or at least mitigate the particular difficulties linked to

microservice architecture [90].

o Development: The department in which microservice architecture shines the most
relatively to its alternatives. The focus on loose coupling permits the independence of
teams in development and in choosing the technology stack. Also, the encapsulation
of simple logic in microservices allows to easily integrate new members to the projects
[90] [102] [25].

o Operation: Loose coupling of microservices allows their independent deployment
whether initial or as the application is online. Their deployment is made easy by
the widely used container technology and its support by providers. Once online,
they are fault tolerant in the sense that they can continue to run even if neighboring
microservices are not which implies that their reboot is independent from the rest
of the architecture [90] [102] [25].

The biggest operation gain is the ability to scale microservices independently thus
allowing for fine-grained scaling while the duplication of large components in the
case of service-oriented architecture and of the whole application with monolithic
architecture is required. Because of that microservices applications can provide
better reaction time due to reduced deployment time and resource-saving due to
the limitation of replicated microservices [90] [65] [25]. It is to be noted that those
gains are relative to the ability to identify the microservices in need of scaling in a

given situation.

We have seen that microservice architecture bring substantial gains relatively to
preceding architecture styles. Those gains all come in one way or another from the
independence microservices have from each other though being part of the same application.

Unfortunately, those gains come with new difficulties.

2.1.5 Microservices Limitations

Microservices as a trade-off While microservices are a promising idea that can solve
or alleviate some difficulties encountered in monolithic or service-oriented architectures,
they have also some considerable drawbacks. Some of them are fundamentally linked to the

nature of microservices, mostly due to the difficulty of using microservices appropriately.
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The same classification used for the "gains of microservices" can be applied to the "pains

of microservices" [90]:

e Design Time: While the technical foundation of microservices allows for the
independence of microservices by design it also implies a global view of the application
so that the independence given to teams does not mean harmful disorganization. The
original idea of having one capability per microservice is tempting but often unclear or
inefficient. Because of that finding the appropriate granularity for microservices is a
difficult and risky task at design time [90] [35] [41]. The complexity of the architecture
can also grow out of hand either by poor original segmentation design (such as
having the above-mentioned inappropriate granularity) or because of unchecked
growth in the creation of microservices. Managing that aspect, particularly when
having to consider other difficulties inherent to microservices architecture such as
security considerations or latency risks, can be challenging [90] [35]. Security is
a particular concern that requires more attention than it does with monolithic or
service-oriented architectures since the fact that every microservice exposes an API
increases the surface of attack upon which the mandatory access control is rendered
more difficult due to the heavily distributed nature of microservice applications [90].
Lastly while modifying the architecture, the independence of microservices implies
the necessity of backward compatibility for other microservices to be able to realize

their operations thus creating a risk of endpoint proliferations [90] [35].

o Development: While Development is the department where microservices shine the
most, two aspects are made more difficult by the distributed nature of microservices:
data storage (consistency, distributed transaction, heterogeneity, query complexity)

and testing (performance and user experience) [90].

e Operation: Resource usage is a major concern in microservice architecture. Since
intra-application communications go through it, network usage is where microser-
vices have the biggest impact compared to other architectural styles [90] [35]. A
lesser concern is the usage of compute resources that can be intensified due to the
multiplication of runtime environments [90]. While it is generally possible to avoid
single points of failure, cascading failures can still happen, service coordination and
location are challenging causing difficulties in problem location that are increased

by the scattering of logs in the application [90].

It is to be noted that most of the difficulties contained in microservice architecture
come from their distributed nature and independence from each other. If those
difficulties can often not be entirely resolved, they can be alleviated at the cost of
much work invested in the consideration of the architecture, but also, and much

more easily, made worse when adopting inappropriate architectural decisions.
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Microservices only mitigating Monolithic Applications Problems We have seen
that the fundamental aspect of microservices being independent, distributed, entities
collaborating loosely is a way to answer some unsolvable challenges of monolithic and
service-oriented architecture. We have also seen that this very fundamental aspect of
microservices is at the root of other difficult challenges. Telling which architecture style is
better in general has no meaning but even in a particular context where an application
could benefit from microservice architecture overall, what tip the scale is not the choice of
that style but the architecture design for which no single general rule can be theorized
other that having thoughtful consideration for all the factors involved.

But if such consideration is already a considerable challenge when building an appli-
cation from scratch, it is made much more difficult when modifying an existing, on-line,
application due to the independence of teams which is also one of the main appeal of
microservice architecture. One way to keep track of the global picture for local actors is

to share a map of the whole application expressed through an Architecture Description
Language (ADL).

2.1.6 Broader Foundations of Microservice Architecture

While Service-Oriented Architecture constitutes the most direct conceptual predecessor
of Microservice Architecture, it is not the only paradigm that has contributed to its
foundations. Earlier work on distributed application models and component-based soft-
ware engineering laid essential conceptual and technical groundwork that microservice
architecture inherits, refines, or reinterprets. Distributed application models such as
client—server architectures, multi-tier systems, and middleware-based systems introduced
the decomposition of applications into interacting runtime entities deployed across multiple
nodes, together with fundamental concerns such as partial failure, latency, coordination,
and consistency that remain central in microservice-based systems [13]. In parallel,
component-based software engineering promoted the design of systems as assemblies
of reusable, composable units with explicit interfaces and well-defined contracts [93].
While components were often conceived as deployable units within a single application
or platform, frequently sharing a runtime environment, deployment lifecycle, or memory
space, microservices extend these ideas by enforcing stronger isolation boundaries, inde-
pendent deployment, and decentralized ownership. From this perspective, Microservice
Architecture can be understood not as a radical break from prior paradigms, but as
the convergence of distributed systems engineering, component-based modeling, and
service-oriented design, enabled by modern cloud-native infrastructure and operational
practices [25]. Beyond communication styles and service decomposition strategies, recent
execution models have further extended the microservice paradigm by modifying the way

services are deployed and operated.
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Serverless Computing It is worth mentionning serverless computing, a new develop-
ment paradigm which manifest itself mainly in the form of Function as a Service (Faas).
The novelty in this development paradigm is the complete abstraction of the infrastruc-
ture going as far as not having to consider the environment in which the functions are
executing. The infrastructure is taken care of by a provider to which only the function
code is transmitted through the network. The provider then manages the function exe-
cution before communicating its result. To support could functions other functionalities
are provided, such as means of data persistence, which constitutes the other aspect of
serverless computing, namely Backend as a Service (BaaS) [53] [62].

Its main appeal comes from the extreme elasticity relatively to scaling and the financial
benefits linked to it since users only pay for the execution time of functions. Infrastructure
abstraction is also a strong argument for serverless computing [62]. In those regards it
maximizes some of the advantages provided by microservice architecture.

However it is also inclined to aggravate some of the risks associated with microservice
architecture. Latency is much more acute concern both because of the network com-
munication time and of the startup time for the containers that support cloud function
executions (that roughly live only for the lifetime of the function invocation). Because of
that last aspect granularity design is an even bigger concern. Parallelism is also difficult
in a serverless context since function can only communicate through data storage in

persistent storage which is costly in terms of latency and network ressources [62].

2.2 Conclusion

The emergence of microservice architecture has profoundly modified the conception of
application structure, lifting some of most ingrained limitations that previous paradigm
carried at their core. But the metamorphosis of the applications inner workings from
executional monolith of intertwined functions to constellation of independent processes
produced new challenges among which the need for careful design through original
structural patterns can be considered the most critical to avoid pitfalls. Since no universal
method for designing microservice based application is to be hoped for we can only strive
to help architects with the appropriate means to support the careful reflection that the
microservice paradigm requires. To that effect, we dedicate the next chapter to the
analysis and evaluation of what is the most fundamental tool for such a task: Microservice

Architecture Description Languages.






Chapter 3

Microservice Architecture
Description Languages: State of the
Art and Research Challenges

3.1 ADLs in general

General Definition of ADLs The name Architecture Description Language first
appears to be self-explanatory. As does any formal language, an ADL has a syntax that
needs to be respected for a description to be correctly coupled to a semantic that relates
to an application architecture [9].

What’s unsatisfying with such a simple description is that it encompasses much more
than what we want to cover. After all, any programming language has a strict syntax
and obviously contains the architecture it defines. What’s expected from an ADL is,
if not an abstraction, at least a global view. As Vestal puts it "An ADL for software
application focuses on the high-level structure of the overall application rather than the
implementation details" [101].

Trying to get to a more precise definition of what an ADL is we can take a look at
ISO/TEC/IEEE 42010:2022, Software, systems, and enterprise—Architecture description
[47] that defines Architecture Description Languages as "means of expression, with syntax
and semantics, consisting of a set of representations, conventions, and associated rules
intended to be used to describe an architecture". Here again, the definition lacks an
identifying factor to set ADLs aside from other languages. Indeed it is difficult to
identify whether a particular structure of a language is "intended" or not to describe the
architecture.

ADLs exist in two different forms: visual notations and text-based documents [9] [66].
This document focuses on text-based ADLs.

Describing the architecture can be considered a side objective in software production

since it is not by essence needed to make an application work. Knowing the aim of the
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language is then important to have it be useful. We can then think of an ADL as a means
to help understand the system, giving priority to simplicity, or as a way to highlight and
extract properties of the system, giving priority to strictness [66].

Although those general considerations tighten the scope of what falls under the
denomination of ADL and give an idea about its purpose, there’s "little consensus in the
research community on what an ADL is" [66] and so we need to take a closer look at what

precisely constitutes an ADL.

Technical definition of ADLs Instead of defining ADLs with a comprehensive def-
inition, it can be defined through its fundamental constituents. The first two are the
components of the system and their connectors to which has to be added architectural con-
figurations i.e. abstract structures representing logical units of components and connectors
with associated rules or properties of the system[9][66][47].

Components and connectors must define interfaces i.e. "points of interaction with the
external world" as describing the connection between elements in a system can be seen as
the principal object of architecture. Interfaces provide minimal information about the
behavior of a component through the description of input and output, it is preferable for
an ADL to be able to model further the behavior, ideally providing abstractions such as
types that allow for compositionality and reusability[66].

But if we understand architecture as the "fundamental concepts of properties of an
entity in its environment and governing principles for the realization and evolution of this
entity and its related life cycle processes" [47], simply using components, connectors, and
configurations to describe the state of a system at a point in time is not enough.

ADLs must also permit the creation and subsequent evolution of systems while
guaranteeing the persistence of certain properties. In this perspective, at the component
and connector level as well as at the system level with configurations, the language must
provide ways to modify properties but also to express constraints that have to be respected
during evolutions[66]. For reusability and easiness of maintenance, it is desirable that
the language allows for typing and to make the system understandable from its sole
description the behavior of components and connectors has to be expressible.

In short, an ADL describes the components of a system, the connectors between
those components, and the general properties of the system. It must define explicitly the
points of contact between the constituents of the system and allow evolution but also the

expression of rules on the system and ensure that they are respected.

ADL Toolbox ADLs are usually a side document for the software, which make them
an additional cost to create and maintain. Because of that their usage must be justified
by benefits overweighting the costs. If the essential benefit they provide is the ability

to share a common view of the architecture, they also come with an associated toolbox
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that is specifically designed for the ADL to be able to render the service they were first
designed for[66].

The most common aim for an ADL is to either be executable or provide a tool that
produces executable code[21][9][66]. Doing so solves the problem of having to maintain
the architectural description alongside the executable code since they are then the same
thing or have the same source. For a language to be an ADL and thus provide a sufficient
level of abstraction, it has to allow for different target implementations [9].

The second family of tools that can be provided with an ADL is meant to analyze
the system. Those tools can be offline tools (static analysis), meaning that they apply
to the architecture description, or online tools (dynamic analysis), meaning that they
check the properties of the system as it’s running. The offline tools are used to check if
some properties are respected — such as those expressed in the components, connectors,
and configurations descriptions — or simply if the described system is coherent[9]. That
analysis can be extended to active specification where design options are only available
when they do not conflict with expressed properties or system coherence. They can also
advise the user based on existing type and suggestions about compositionality providing
advice relative to common architectural structures such as design patterns[66][9]. Offline
analytic tools can also help with code generation, verifying that rules on the system are
not broken in the refinement process[66]. Online analysis can be used to check it properties
are respected at runtime or to extract the architecture from the running system to either
create or update the description files.

The last family of tools is used to represent the architecture. It generally consists
in an abstraction of the system, either to present the architecture in different levels of
complexity by displaying more or less information about the architectural elements or by
using the indicated composition rules to present composites with their elements or as a
whole. The representation tools also permit to produce different views of the system to fit

the informational needs of different situations and stakeholders[66][9].
ADLs applied to Microservices Applications

Mapping ADL concepts to MS Considering that "a microservice architecture is
a distributed application where all its modules are microservices"[25], mapping ADLs
concepts to microservice applications is straightfoward enough.

The components are the microservices. The descriptions of the interfaces are usually a
list of their endpoints but can also be seen at a higher level showing exposed ports. Typing
is a possibility, particularly for infrastructural microservices that are common in multiple
architectures. Default types are harder to think about for functional microservices but
can be defined by users for a particular system or family of systems. Implementation
instructions can be added by specifying a particular technology for a general microservice

type. Constraints can be expressed at microservice level by indicating such requirement
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as the type of protocol used for a connection (e.g. REST), connections with specific types
of microservices (e.g. a database, a registry, a message broker) or being part of a larger
structure (e.g. a registry being inserted in the "right" spot of a registry pattern).

The connectors are by essence more difficult to map to an object as they are an
abstraction of the communication process happening between multiple entities. In a
microservice context, besides the connected microservices, a key point is the protocol used
to communicate. A type can also be relevant for connectors as simple as "one to one" or
"one to many". Some abstract structures such as design patterns could then require some
particular type of connectors. For instance a registry pattern would require a connector
of the "one to many" form between the registry microservice and the others while a
dedicated database pattern could require a "one to one" type of connector. Constraints on
a connector could be a technical requirement such as a minimal bandwidth or a particular
type of microservice to be connected to other. That last example somewhat blurs the
distinction between connectors and architectural configurations as through semantics and
constraint expression a connector can contain the logic of a particular pattern.

The configuration in a microservice context are identified groups of microservices
linked with connectors in such a way that they represent a functional entity. They can be
seen as the formal representation of design patterns and the constraints they induce. As
such they can be of different natures. An instance can be the topology of a particular
organisation (e.g. registry pattern, gateway pattern). Another architectural configuration
describing the same object from a different point of view can address the workflow of
such a topology, indicating the path of communication. A more specific architectural
configurations can represent the workflow of a microservice system at a particular point
in its life cycle (e.g. deployment). Architectural configurations are the elements of an
ADL that bring the most in terms of understandability, compositionality as they reveal
the hidden logic of an application. Because of that they are also they principal structure

destined for analysing (online or offline) and representation.

Mitigation of Microservices Architecure issues using ADLs ADLs appear as a
good way to mitigate microservices applications difficulties as they provide a global view
to consider the difficulties emerging from the combination of those independent entities
that microservices are.

The obvious challenge an ADL can help with is the design complexity inherent to
microservices systems. Using architectural configurations, a representation tool can
provide different levels of abstraction to help designing the system going from the higher
levels toward the particularities of a specific microservice implementation. Once the
application is online, the ADL is used to support the independence of teams as they share
a common view of the global architecture, a more precise view of their vicinity and a

detailed representation of their direct neighbors.
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Another challenge of a different nature ADLs can assist with is the network load.
Given enough informations relative to connectors and provided architectural configurations
indicating the possible workflow in the application an offline analysis tool can check the
conditions under which constraints set to represent a satisfying state of the application

are met.

3.2 Studied Microservice ADLs: Presentation

This section presents and compare ten microservice ADLs: LEMMA, Silvera, MicroBuilder,
MicroArt, Jolie, yTOSCA, Komponents, Compose and Kubernetes. They differ in multiple
aspects such as their aims, their toolboxes composition or the point of view they adopt on
microservice-based application. However they all fundamentally share the same underlying
model, represented in Figure 4.1, which inhibit their ability to represent properly the
architecture of application by having as first class citizens the microservices instead of the
architectural structures. Because of that their application descriptions take the form of a

list of microservices instead of bringing the acrchitecture on the forefront.

3.2.1 LEMMA

LEMMA [80] is a composition of four modelling languages giving four viewpoints on a
microservice application. That decomposition is based on an extended reflexion on the
different stakeholders and concerns relative to microservice architecture. The service
viewpoint describes the microservices and their interfaces. The data structures viewpoint
defines the persistent data and transient data structures. Those data structures can
correspond respectively to those contained or linked to the microservices or to the
data transmitted between microservices to exploit functionalities exposed through their
interfaces. Those two viewpoints are essentially linked together and are the heart of the
architectural description proposed by LEMMA. Through the description of data exchange
and modification a limited description of business logic is provided. The deployment
viewpoint describes the microservices defined in the service viewpoint with the properties
relative to deployment. The last viewpoint is the technology viewpoint that allows to
define specific implementations technology and specific attributes in need of specification
for those technologies. They can them be applied to microservices in the service and
deployment viewpoint to give a particular instantiation of the system. The possibility
to define transient data structures communicated between microservices and having
implementation technology as an additional layer are specific to LEMMA. The main tool
provided by LEMMA is implementation generation in Java for the development part and
with Docker Compose for the deployment part.

Listings 3.1, 3.2, 3.3 and 3.4 present a simplified description of an application consisting

of three microservices, a gateway, a business microservice and a database. The business
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context User{
structure User<entity> {
string username,
string email,
string password,
immutable int id

3

structure UserService<service> {
function User CreateUser (string username, string email,
string password)
}

}

context API {
structure CreateUserRequest<valueObject> {
string username,
string email,
string password

}

structure CreateUserResponse<valueObject> {
int userId

+
+

Listing 3.1: LEMMA Data Modeling Language simplified example

service UserService has its logic defined in the description by its data structure defined
in Listing 3.1 and its interfaces defined in Listing 3.2. The database has its structure
defined in Listing 3.3 (lines 26-42) and all three microservices have their deployment
schema described in Listing 3.4.What is striking when looking at this architectural
description that we presented briefly without entering its details is its complexity.
Understanding the application requires a profound understanding of the language and
even then, and for a very simple application, requires cross checking of multiple files.
Even though LEMMA proposes a sophisticated syntax, it still presents an application as
a list of elements, some being microservices presented through different points of view,
some being related aspects such as technology implementation or data structure. In that
regard its model is analogous to the one presented in Figure 4.1 offered in a variety of
viewpoints. Because of that it does not provide structures dedicated to abstract the
architectural structure of the application. Another limitation is the aim of the language,
being code generation, which limits technology freedom to the implemented languages
and connection to existing infrastructural microservices. Also the produced code has to
be "refined" i.e. modified to be executable which implies a divergence with the original

description leading with the application evolution for it to be incorrect.
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functional microservice UserService {
@endpoints (Spring::_protocols.rest: "/users";)
interface Users {
@required request
@Spring:: _aspects.Post

create (
sync in request : UserDomain::API.CreateUserRequest,
sync out response : UserDomain::API.CreateUserResponse
)

}
}

Listing 3.2: LEMMA Service Modeling Language simplified example

technology Docker {
deployment technologies {
Docker {
operation environment = "docker:25_0_3" default;

service properties {
string image = "openjdk:8ul7l-jre-alpine"<singleval>;
string Dockerfile<mandatory, singleval>;
b
3
X
}

technology Spring {
protocols {
sync rest data formats "application/json" default with format
"application/json";

}

service aspects {
aspect Post<singleval> for operations {
selector (protocol = rest);
}
}
}

technology MySQL A
protocols {
sync connectorJ data formats " jdbc_enabled" default with
format " jdbc_enabled";

b
infrastructure technologies {
MySQL {
operation environments = "mysql:5.7.13" default;
b

service properties {
string rootPassword<mandatory, singleval>;
string mysSqlUser <mandatory, singleval >;
string mySqlPassword<mandatory, singleval>;
b
X
}

Listing 3.3: LEMMA Technology Modeling Language simplified example
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@technology (Docker)
@technology (Spring)
container UserServiceContainer deployment technology Docker::
_deployment .Docker deploys UserService {
UserService {
Dockerfile =’
CMD java -jar user-service.jar
J

basic endpoints {
Spring:: _protocols.rest: "8080:8080";

}
3

container ApiGatewayContainer deployment technology Docker::
_deployment .Docker {
ApiGateway {
Dockerfile = ~’
CMD java -jar api-gateway.jar
)

basic endpoints {
Spring::_protocols.rest: "80:80";

}
}

@technology (MySQL)

MySQL is MySQL:: _infrastructure.MySQL used by nodes
UserServiceContainer {
default values {

rootPassword = "rootpassword"
mySqlUser = "mysqluser"
mySqlPassword = "mysqlpassword"

endpoints {
MySQL:: _protocols.connectorJ: "3306:3306";

3

ApiGatewayContainer uses UserServiceContainer via Spring::
_protocols.rest;

Listing 3.4: LEMMA Operation Modeling Language simplified example
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3.2.2 Silvera

Silvera [92] is an ADL dedicated to microservices. The description of an application is done
through the description of its composing microservices. For each microservice information
can be given about its communication style, its deployment and its interface which is a
list of its endpoints. It is possible to indicate dependency between microservices, one
expecting specific endpoints from the other. Some basic builtin typing for microservices is
present that matches design patterns provided by the language (api-gateway, message
broker and service registry). Silvera proposes a compiler based on code generators plugins
converting the described architecture to executable code. By default the implementation
is done in JAVA using the Spring boot framework and one selected technology for each
builtin infrastructural microservice type. During compilation, the Silvera’s compiler
effectuates an analysis of the application and produces through six metrics a qualitative
evaluation of the system and of its components.

Listing 3.5 shows a simplified description using the Silvera language of an application
composed of four microservices. Three of them are explicitly described, ServiceRegistry,
EntryGateway and UserService, and one, a database, is implied by the UserService
definition (lines 30-35). Silvera implements types for infrastructural microservices
(lines 1 € 11) and has keywords to specify in microservices description blocks linking
to others (1ines 12, 17 & 23). The architectural aspect is the main point of view of
the Silvera language however, even if a series of patterns are implemented, they are not
syntactically at the heart of the language but relegated in their expressions as online
properties of microservices that are the first class citizens. Even if the explicit function of
microservices is made immediately clear from their types and that we can infer patterns
from them, the microservices they encompass have to be looked for in each defining
block. That comes from the Silvera language having the underlying model represented in
Figure 4.1 making its application description a list of microservices descriptions with some
specific keywords for architectural properties. Another limitation of the Silvera language is
that it aims a producing executable business code. The first consequence is the important
reduction in technology freedom as the user is limited to the technology for which
code generation is implemented. For instance, solely MongoDB is usable as a database.
The second consequence comes from the necessary modifications, euphemistically
called refinement, to be made on the produced code creating an irremediable, immedi-

ate and ever growing divergence with the original description, resulting in it being incorrect.
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service_registry ServiceRegistry {
tool=eureka
client_mode=False
deployment {
port=9090
url="http://registryexample.com"
host=container
}
}

api-gateway EntryGateway {
service_registry=ServiceRegistry
deployment {
port=8080
url="http://gatewayexample.com"
}
gateway-for{
UserService as /users
b

3

service UserService {
service_registry=ServiceRegistry
deployment{
port=8080
host=container

}

api {
typedef User [
@id int id
O@required str username
@required str email
@required str password

]

@rest (method=PO0ST)
int createUser (str username, str email, str password)
+
+

Listing 3.5: Silvera simplified example

3.2.3 MicroBuilder

MicroBuilder [97] is a combination of a microservice ADL (MicroDSL) and a code
generator (MicroGenerator) used to describe and generate the code of REST microservice
application. A particularity of MicroDSL is that it describes the datastructures associated
with the microservices and differenciates between persistent data structures, that should
be stored in databases, and transient data structures that exist only for the running time
of the microservice and that are lost once execution stops. Microservices stored data,
whether they are persistent or not are accessible through predefined REST methods
(GET, POST, PUT, DELETE) upon which can be added custom REST methods whose
implementation is described inline. While additional information relative to network

connectivity can be added, MicroDSL is strongly oriented toward the data viewpoint.
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From the application description Java code is generated using code generators.

Listing 3.6 presents a simplified application description written with the MicroBuilder
language. The description defines explicitly two microservices Gateway and UserService
and implies the instantiation of a service registry and the parallel existence of a database.
There’s no explicit link between Gateway and UserService but it is possible to infer
it through the services and methods names and parameters. A dedicated database to
UserService is assumed through the EntityRessources block (lines 24-37) defining the
necessary parameters to interact with it. A service discovery pattern is indicated through
the AutoDiscovery: true property (lines 5 € 20) implying the instantiation of a
registry microservice at its center. This MicroBuilder example describes an application
where the architectural structure is extractable through keywords destined to configure
the microservices communications. However, this example also covers the full capacity of
MicroBuilder for architectural expression, making it very limited in this regard considering
the range of commonly used patterns as shown in Table A.2. The architecture is not
made the central point of view which is a consequence of the language being structured
by the model shown in Figure 4.1 making effectively the description an unorganized
list of microservices defining blocks blending architectural properties and technical
configurations. An other fundamental problem with MicroBuilder is that by having
code generation as its ultimate production, it first reduces greatly technology freedom
for the microservices it describes and as it needs generated code to be refined for it to
be executable, it creates an unsolvable and ever growing divergence with the original

description, making it rapidly useless.

3.2.4 MicroArt

MicroArt [37] takes the opposite approach compared to most of the other microservice
ADL. It is firstly thought of as a tool of architecture reconstruction describing both the
physical architecture and the logical architecture. To that effect an offline and online
analysis of the application is done and its results are injected in the ADL structures.
The tool then produces a dependancy graph of the application linking the endpoints of
microservices to their callers. After that a manual refinement is done by the user to
identify the service discovery microservice and remove its links to other microservices
in order to get the logical dependancy graph of the application. The ADL contains
typing of microservices, distinguishing between functional and a number of infrastructural
microservices. Interfaces are explicited and a particular entity called "Link", linking a
number of sources and target can be seen as a rudimentary connector. The language does

not contain a textual concrete syntax.
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MicroserviceArchitecture<’Microservice Example Application ’>{
Microservices: [
Microservice <Gateway>{
Port: 80
AutoDiscovery: true
RESTMethod: [
RESTMethodType: POST
RESTMethodReturnType: Integer
RESTMethodParameters: [
%Single String’, username,
%Single Stringy email,
%Single String) password

MethodURL: ’/createuser’

MethodBody : ’/*x JAVA code /*’
]
]
Microservice <UserService>{
Port: 8080

AutoDiscovery: true

Entity <User> {
BaseURL: ’/users/’
IsPersistable: true
EntityRessources: [

%#Single Integery% id [
IsIdentifier: truel,
%Single String’ Username,

%List String) email,
%#Single String’ password,
RESTMethod: [
RESTMethodType: POST
RESTMethodReturnType: Integer
RESTMethodParameters: [
%Single String% username,
%Single String), email,
%Single String) password

MethodURL: ’/create’
MethodBody : ’/x JAVA code /x’

Listing 3.6: MicroBuilder simplified example
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3.2.5 Jolie

Jolie [52] to the difference of other development oriented languages presented is not a
description language but a programming language dedicated to services (though it can
be compiled to Java). As such the implementation of the services’ functionalities are
written in line in a specific section of the service description. The specificity of Jolie
is that the microservice application is thought as would be a monolithic application,
with the help it provides (e.g. debugging), while keeping the independence of execution
intact. For instance, as default behavior of a system written in Jolie, a type mismatch in
a request will provoke an exception on the sender side. Another particular capacity of
Jolie is that it allows to combine microservices to form new ones through synctactical
structures that can be considered as architectural configurations. On the deployment
side, Jolie microservices can be made into Docker images and deployed using Docker or
Kubernetes or simply as independent processes. Jocker, a solution using Docker but
making it transparent and allowing to use Jolie services contained in Docker contain-

ers as if they were not (i.e. as if they were directly deployed on the host) is in development.

Listing 3.7 presents a simplified application written with the Jolie language. The
application is composed of two microservices, UserService and Gateway, and assumes
the existence of an other microservice, a database, to which UserService connects to
through the informations defined in embedMySQLClient. The connection between Gateway
and UserService is detemined through the inteface keywords and the business logic
contained in the main blocks contained in the service blocks defining the microservices.
This example shows a description fitting the model represented in Figure 4.1, presenting a
list of microservices without providing a construct expliciting the application architecture.
It is to be noted that Jolie has an underlying model extending the model presented
in Figure 4.1 as a service can contain other services. In that regard we can consider
Jolie as having a concept matching the concept of configuration i.e. expressing the
topology of a part of the application. To its credit, the Jolie language, aside from being
an ADL, is also a complete programming language and thus does not need any post
compilation refinement to produce a working application. Because of that, it is not prone
to the problem of creating a irremediable divergeance between generated code and initial
application description, making the latter rapidly outdated. However, the way a service
object encompassing other service objects, is managed by Jolie at runtime is not by
having the contained services run as independent processes but as combining them into a
single process, thus loosing the fundamental aspect of the microservice style. Another
aspect of Jolie appearing as contradictory to the microservice spirit is the will to use
the language as the main, if not the only, technology used in the described microservice
application thus removing the technology freedom. A corollary is that using Jolie as the
main technology for writing microservice applications makes the user dependant to the

language available implementation; for instance the standard and only fully developed
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interface GatewayInterface {
RequestResponse: registerUser (UserRequest) (UserResponse)

interface UserServiceInterface {
RequestResponse: createUser (UserRequest) (UserResponse)

type UserRequest {
.username: string,
.email: string,
.password: string

type UserResponse {
.userId: int

+

embedMySQLClient (
DB_HOST = "localhost",
DB_PORT = 3306,
DB_USERNAME = "mysqluser",

DB_PASSWORD "mysqlpassword",
DB_DATABASE "userdatabase"
) { .conn as db }

service UserService {
inputPort UserPort {
Location: "socket://localhost:9001"
Interfaces: UserServicelnterface

}

main {
createUser (request) (response) {
// Logic to process request

}

¥

service Gateway {
inputPort HttpIn {
Location: "socket://localhost :8000"
Interfaces: GatewayInterface

}

outputPort ToUserService {
Location: "socket://localhost:9001"
Interfaces: UserServicelnterface

}

main {
registerUser (request) (response) {
createUser@ToUserService (request) (response)
}
}
}

Listing 3.7: Jolie simplified example
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communication means between microservice is direct communication which by nature does
not provide fault-tolerance which is another one of the main advantages of the microservice

architectural style.

3.2.6 JHipster

Jhipster [50] is an application generator that uses a microservice ADL named JDL [51]
(JHipster Domain Language) to describe the technology stack and topology of a Microser-
vice application. The application architecture is not flexible as it always consist in a
gateway pattern under which functional microservices are connected through a registry
pattern. Modifications to the architecture have to be done once the executable files
have been generated as JHipster can be considered a boostrapper providing boilerplate
code of interconnected technologies. Beside describing the technology stack, the focus
of the language is the definition of the data structures owned by the microservices and
their relations. The language only proposes the "database per service" pattern (it is not
possible to express the sharing of databases). The language contains only one distinction
of microservice type, between functional microservice and gateway. The registry is not
explicitly mentioned but created at compile time. A text editor checking the correctness
of the syntax is proposed online as well as a plugin for the IntelliJ IDE.

Listing 3.8 presents a simplified application written with the JDL language. The
application is composed of four microservices, with only two represented in the description.
gateway and userService are described explicitly in the application, the relation between
the two being indicated as an inline property by specifying the applicationType attribute
of gateway as a gateway for all other business microservices in the application thus
indicating an API gateway pattern. Two other infrastructural microservices are present in
the application. The first one being a registry indicated through serviceDiscoveryType
attributes (lines 6 & 18) indicating a service registry pattern by specifying the technology
for it as an eureka microservice. The second one is a database declared inline with the
databaseType and prodDatabaseType (lines 19-20) indicating a dedicated database to
the userService microservice. The data structure of this database is specified in the
entity block defining a User table linked inline to the userService microservice (line
24).

This example of the JDL language shows a case where the structure of the application is
described explicitly with dedicated keywords. However, this example covers the full extent
of the ability of the JDL language for pattern expression, and no other patterns listed
in Table A.2 could be explicitly expressed. Arguably this limitation could be overcome
by extending the language. However, this argument only stands for widely used and
identified patterns and could not be applied to niche application. More fundamentally the
architecture is not put at the front of the discussion, and implies to dig in microservices

descriptions to understand their roles and even their existence as most infrastructural
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microservices are not first class citizen but expressed as inline properties. Those two
difficulties are intrinsically linked to JDL underlying model, represented in Figure 4.1, not

providing any concept to represent the application architectural structures.

application {
config {
baseName gateway,
applicationType gateway,
packageName com.example.gateway,
serviceDiscoveryType eureka,
buildTool gradle,
authenticationType jwt,
serverPort 8080,
b
X

application {

config A{
baseName userService,
applicationType microservice,
packageName com.example.userservice,
serviceDiscoveryType eureka,
databaseType sql,
prodDatabaseType mysql,
buildTool gradle,
serverPort 8081,

+

entities User

}

entity User {
id Long required,
username String required,
email String required,
password String required

}

Listing 3.8: JHipster Domain Language simplified example

3.2.7 uTOSCA

uTOSCA [89] is an architecture description language describing microservice applications.
It is an extension of the TOSCA specification [74], an OASIS standard aiming at
describing cloud applications, while being technology agnostic but processable so that
the deployment could be automated. The concrete syntax proposed for both TOSCA
and pTOSCA is in YAML. TOSCA already supports typing and inheritance as well as
groups to define policies on multiple nodes. Connections between components, expressed
with the relationship keyword, are not first class citizen in architecture description
although they posses their own independent typing system. pTOSCA does not modify
the metamodel of the TOSCA specification but specifies its functionalities for the
microservice architecting style. It then provides a number of microservice types, e.g.,

DataStore, relationship, e.g., InteractsWith and a particular group named edge that




3.2 Studied Microservice ADLs: Presentation 35

gathers the identifiers of the microservices accessible from outside of the application. Most
importantly pTOSCA retains the advantage of the powerful extensibility of the original
TOSCA specification allowing the user to define any new type of service, relationship or
group. The more consequential addition to TOSCA is yTOSCA toolchain whose aim
is to extract and correct the architecture of microservice applications. The first tool,
uMiner [72] [71] takes the Kubernetes manifests of an application, applies static then
dynamic analysis to extract the architecture and express it in the yTOSCA language.
The pTOSCA files can then be passed to pFreshener [5] [88] which provides a graphical

representation of the application, identifies anti-patterns and proposes corrections.

Listing 3.9 presents a simplified microservice-based application written with the
#TOSCA language in YAML format. The application is composed of three microservices,
gateway is the point of entry in the application, userService is the business service
containing the application logic and mysql is its dedicated database. To describe the
application in a more precise way than what the builtin functionalities allow for, we
define two new subtypes. The first one DataBasePerService (lines 1-4) is a new type
of group and is meant to represent the pattern of the same name, using two existing
uTOSCA types, a Service and a DataStore. The second ServiceWithPort (lines
5-11) is a new type of service, meant to represent a service with a port exposed to
other services in the applications. The topology_template keyword (line 12) indicated
the actual description of the application. It is composed of two parts. The first one
is mandatory and lists exhaustively the microservices in the application, using their
identifier as key for the properties defining them (lines 14, 24 and 36). Their defined
properties possess at a minimum their type and optionally requirements such as their
relations with other microservices (lines 17-21 and 29-33) or the underlying deployment
architecture. Those relationships are typed and allow to represent certains patterns. Here
the gateway microservice uses the pattern dynamic_discovery (line 21) to automatically
retrieve the address of userService which allows for its horizontal scaling. On the
contrary userService explicitly indicates that it does not use the discovery pattern in
its relation with the service mysql (line 33) thus implying that all the possible replicas of
userService connect to the same mysql instance. The second part of the architecture
description, groups (lines 40-46) is optional and describes concerns shared by multiple
services. Its purpose is mainly, and here entirely, for documentation purposes and aims at
highlighting policies applied in the application. In this example, Edge which is the only
group with an architectural reach provided by pTOSCA is used to gather the services
open to extenal communication (lines 41-43). The other group that we previously defined
DatabasePerService is then used (lines 44-46) to make the pattern linking mysql and

userService explicit.
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group_types:
micro.groups.DataBasePerService:
derived_from: micro.groups.Root
members: [ micro.nodes.Service, micro.nodes.DataStore |
node_types:
app.nodes.ServiceWithPort:
derived_from: micro.nodes.Service
properties:
container_port:
type: integer
required: true
topology_template:
node_templates:
gateway:
type: micro.nodes.MessageRouter
requirements:
- interaction:
node: userService
relationship: micro.relationships.InteractsWith
properties:
dynamic_discovery: true
artifacts:
container_image: gateway
userService:
type: app.nodes.ServiceWithPort
properties:
container_port: 8081
requirements:
- interaction:
node: mysql
relationship: micro.relationships.InteractsWith
properties:
dynamic_discovery: false
artifacts:
container_image: userService
mysql:
type: micro.nodes.DataStore
artifacts:
container_image: mysql:5.7
groups:
edge:
type: micro.groups.Edge
members: [ gateway ]
user_data_domain:
type: micro.groups.DataBasePerService
members: [ userService, mysql ]

Listing 3.9: microTosca simplified example

3.2.8 Komponents

Komponents [29] [48] is a modeling language aiming at describing microservice-based
applications. It focuses on deployment and operation properties, is technology agnostic and
has a YAML concrete syntax. The components of the language are of three types, basic,
composite and deployment. The deployment type is used to represent applications,
distinguishing executable elements, i.e., basic and composite constructions, which are

defined in the import attribute and referred to in the subcomponents attribute, from
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the connections between them which are explicitly specified in the connectors attribute.
The basic type is used to define individual microservices while the composite type is
used to wrap multiple basic objects in a reusable structure. The composite type cannot
be extended directly after being imported but can be wrapped inside new composite
objects to which properties can be added. However basic objects have to be defined
in a single place thus making effectively Komponents applications descriptions lists of
microservices with higher degree structures meant to represent architectural constructions.
The entrypoints of the application are listed in the entrypoint attribute in order to make
them easily identifiable. The Komponents language is accompanied by a graphical tool
to model applications in a web interface and produce from the schema Komponents files.
Another tool allows to deploy applications on both Docker and Kuberbetes.

Listing 3.10 and Listing 3.11 represents a simple application compose of a gateway
leading to a business microservice with a dedicated database, it describes an object of
type deployment (line 1). A single entrypoint in the application is determined (lines 3-6).
The applications description is done under the model attribute, which refers to an object
of type composite composed of four parts: the variable section (lines 9-15) provides
the values of the global variables in the application description, the import section (lines
16-67) where the components are defined, the subcomponents section (lines 68-71) where
the components deployed are listed and the connectors section (lines 72-93) that lists
connectors between the deployed components. The import section can hold either basic
or composite objects definitions. Here the three defined objects: Gateway (lines 17-28),
UserService (lines 29-39) and Database (47-67). Ideally we would have wanted to
regroup services in two composite objects representing the Api gateway pattern and the
database per service pattern. However, Komponents does not allow for Basic objects
to be part of multiple composite and UserService is part of both patterns. We could
have chosen to make it only part of one of the two but then it would have overshadowed
the other. Looking at UserService description, we find the expected properties for
the definition of a microservice from a deployment and operation point of view. The
identifier is given through the name attribute (line 30), the image for the business code
with the source attribute (line 33) and the environment variable defined in the variable
attribute (lines 35-39). The operation scaling range is specifiable with the cardinality
(line 34) attribute. The endpoints are described explicitly under the endpoints attribute
(lines 40-46), indicating that UserService accepts connections on the 8081 port and
specifically connects to the port of the database whose value is set through a variable
shared across to the whole application description. The subcomponents attribute of the
model section lists the deployed components and associates them with new identifiers that
are used in the connectors we note that having decided that UserService is horizontally
scalable, the connection to it coming from Gateway is done through a LoadBalancer while
since there’s a single Database instance the connection to it coming from UserService is

done through a simple link. Finally, the endpoints section (lines 89-93) instructs the
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type: deployment

name: user -app

entrypoints:
gateway:

protocol: tcp:8080

mapping: gateway
model :
type: composite
variables:
DB_HOST: mysql
DB_PORT: 3306

DB_USER: mysqluser
DB_PASSWORD: mysqglpassword
MYSQL_ROOT_PASSWORD: root

MYSQL_DATABASE:
imports:
Gateway:
name: Gateway
type: basic

runtime: docker
source: gateway

endpoints:
in:
type: in
protocol:
user:
type: out
protocol:
UserService:

userServiceDb

tcp:8080

tcp:8081

name: UserService

type: basic

runtime: docker

source: userService
cardinality: "[2:10]"

variables:
DB_HOST: "{{
DB_PORT: "{{
DB_USER: "{{
DB_PASSWORD:

endpoints:

in:
type: in
db:
type: out
protocol:
Database:

name: MySQL
type: basic

runtime: docker

DB_HOST }}"
DB_PORT }}"
DB_USER }}"
"{{ DB_PASSWORD }}"

protocol: tcp:8081

"tcp:{{ DB_PORT }}"

source: mysql:5.7
cardinality: "[1:1]"

variables:

MYSQL_ROOT_PASSWORD:
MYSQL_DATABASE:

MYSQL_USER:

MYSQL_PASSWORD:

endpoints:

in:
type: in
protocol:
volumes:
initdb:

path: /docker-entrypoint-initdb.d

"tcp:{{ DB_PORT }}"

scope: local

durability:

permanent

url: ./initdb

"{{ MYSQL_ROOT_PASSWORD
"{{ MYSQL_DATABASE }}"

"{{ DB_USER }}"
"{{ DB_PASSWORD }}"

}}u

Listing 3.10: Komponents simplified example (Part 1)
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subcomponents:
gw: Gateway
us: UserService
db: Database
connectors:
lb-gw:
type: LoadBalancer
outputs:
- gw.in
lk-gw-us:
type: LoadBalancer
inputs:
- gw.user
outputs:
- us.in
lk-us-db:
type: Link
inputs:
- us.db
outputs:
- db.in
endpoints:
gateway:
type: in
protocol: tcp:8080
mapping: lb-gw

Listing 3.11: Komponents simplified example (part 2)

underlying execution platform where the possible route for traffic that has entered the

application.

3.2.9 Compose

Compose [34] is a language used to describe and configure "multi-container applications".
In that regard it is devoted to a particular instantiation of microservices. The main
implementation of the language is its Docker implementation[75]. Being a deployment
language, it allows to define some properties of the system relative to the environment
in which the containers are running such as allocated resources, network connectivity
or data storage and properties relative to the environment inside the container such as
environment variables or command to be executed at system startup. Through network
connectivity, Compose describes interfaces of microservices in the form of ports exposed
to the other microservices and of the system with ports exposed to the outside world.
If Compose does not have a notion of connector, it is possible to express dependencies
between services at deployment time. It is to be noted that while its first purpose is not
architecture description, unlike most ADLs it allows to express properties on groups of
microservices such as belonging to the same network or shared storage. There is no

typing in Compose.

Listing 3.12 presents a simplified microservice-based application written with the

Compose language in Yaml format. The application is composed of three microservices,
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version: ’3.8’
services:
userService:
image: userService
environment :
- DB_HOST="mysql"
- DB_PORT=3306
- DB_USER="mysqluser"
- DB__PASSWORD="mysqlpassword"
depends_on:
- mysql
expose:
- 8081

gateway:
image: gateway
depends_on:
- userService
ports:
- "8080:8080"

mysql:
image: mysql:5.7
environment:
- MYSQL_ROOT_PASSWORD: root
- MYSQL_DATABASE: userServiceDb
- MYSQL_USER="mysqluser"
- MYSQL_PASSWORD="mysqlpassword"
ports:
- "3306:3306"
volumes:
- ./initdb:/docker-entrypoint-initdb.d

Listing 3.12: Compose simplified example
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gateway is the point of entry in the application, userService is the business service
containing the application logic and mysql is its dedicated database. The two microservice
architecture patterns structuring the application are not made explicit by the language
and can only be deduced by an analysis of the properties. The dependencies indicates
a relation between the microservices. userService appears to be at the center of the
application, with its connection to gateway, forming and API gateway pattern, being
indicated by the depends_on property at lines 17-18 and its connection to mysql,
forming a database per service pattern, indicated also by the depends_on property
at lines 10-11 and by the properties related to the environment attribute at lines
5-9 indicating informations necessary to connect to mysql. Even though we have
shown that we can understand the application structure through analysis, none of the
information we used are a necessity in the description as they could be set thought
other means. In addition in a more realistic and complicated application extracting the
architecture would pose a greater challenge and a proportional increase in possibility of
errors. That difficulty is intrinsically linked to Compose underlying model, represented
in Figure 4.1, not providing any concept to represent the application architectural
structures. However, because Compose defines more the deployment and operational
properties surrounding microservices, it does not infringes on the implementation and
thus leaves intact technology freedom. Because of that and of its declarative nature it is a
prime candidate for being the compilation target of a microservice ADL providing the

appropriate abstractions to describe applications architecture.

3.2.10 Kubernetes

Kubernetes [43] is a system used to configure, deploy and manage containers. Interaction
with the system is done through files named manifests declaring a state of the application.
Kubernetes then either deploy or modify the system so that it matches the description.
Kubernetes shares a good part of configurations options contained in Compose but
adds its own structures on top of them. Kubernetes’ more abstract and particular
concepts are sometimes substituted to Compose concepts that are relatively close to the
real network entities. For instance, opening passage from the outside to a particular
service in Compose is done through the "Port" keyword in the service description. In
Kubernetes a particular object named service will act as an intermediary. Kubernetes has
the ability to define interior and exterior interfaces with ports but can also manage the
routing of endpoints through a specific object called Ingress. Requests going though the
Ingress resource are routed to undetermined instances of a particular microservice. Even
thought the description of an application through manifests is done using what can be
considered as arbitrary concepts, it describes a logical abstraction of the application that

is understandable for the user. Because of that it provides a description that is arguably
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more architectural than some obtained using other ADLs and thus qualify as one.

Listings 3.13, 3.14 and 3.15 present a simplified microservice-based application written
with the Kubernetes language in Yaml format. The application is composed of three
Kubernetes resources, two of which, user-service and mysql, existing as processes at
runtime, and one as an Ingress Kubernetes resource acting logically as a gateway but
being effectively a configuration of the Kubernetes software. Kubernetes manifests are
strongly linked to the underlying software of the same name acting as an hardware
abstraction. Most of the keywords are specific to the technology and are not representing
the abstracted architecture of the application but configure the management of the
microservices at runtime. Nonetheless the architecture is in this example extractable
through analysis from the microservices properties with for instance the connection of
user-service to mysql being expressed in the defined environment variables of the
former (lines 28-36 of Listing 3.13). The complete understanding of the architecture
from a Kubernetes application description is then a tedious and error prone process, even
more so because Kubernetes is focused on managing large applications. That comes
from Kubernetes having an underlying model largely analogous to the one presented in
Figure 4.1 making an application description a list of resources definitions. We note that
in some specific cases and for technical reasons it is possible to regroup microservices
in encompassing structures (Deployment) matching the topology of some microservice
architectural patterns such as sidecar. However it is a specific use that does not represent
the common usage where microservices are individually contained in Kubernetes specific
structures (Service and Deployment). One interesting aspect of Kubernetes is that being
an executable language its descriptions are exactly mapped to the executional reality and
that being a deployment and operational language it does not infringe on technological
freedom in the business implementation. While it misses proper structures to represent
microservice-based architecture, its declarative nature make it a prime candidate for

compilation target of a microservice ADLs offering the appropriate abstractions to do so.
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apiVersion: vl apiVersion: vl
kind: Service kind: Service
metadata: metadata:
name: user-service name: mysql
spec: spec:
ports: ports:
- port: 8081 - port: 3306
targetPort: 8081 selector:
selector: app: mysql
app: user-service -—-
--- apiVersion: apps/vl
apiVersion: apps/vl kind: Deployment
kind: Deployment metadata:
metadata: name: mysql
name: user-service spec:
spec: selector:
selector: matchLabels:
matchLabels: app: mysql
app: user-service strategy:
template: type: Recreate
metadata: template:
labels: metadata:
app: user-service labels:
spec: app: mysql
containers: spec:
- name: user-service containers:
image: userService - image: mysql:5.7
env: name: mysql
- name: DB_HOST env:
value: "mysql" - name:
- name: DB_PORT MYSQL_ROOT_PASSWORD
value: "3306" value: "root"
- name: DB_USERNAME - name: MYSQL_DATABASE
value: "mysqluser" value: "userServiceDb"
- name: DB_PASSWORD - name: MYSQL_USER
value: "mysqlpassword" value: "mysqluser"
ports: - name: MYSQL_PASSWORD
- containerPort: 8081 value: "mysqglpassword"
# ports:
# - containerPort: 3306
# name: mysql

Listing 3.13: Kubernetes user service
simplified example

Listing 3.14: Kubernetes database service
simplified example
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apiVersion: networking.k8s.io/vl
kind: Ingress
metadata:

name: user-service-ingress
spec:

rules:

- http:

paths:

- path: /createUser
pathType: Prefix
backend:

service:
name: user-service
port:
number: 8081

Listing 3.15: Kubernetes simplified Ingress resource

3.3 Classification Criteria

The analysis of the different microservice ADLs has to be split in two categories: the
properties of the language itself and the tools furnished with it.

The criteria used to compare the languages are the following:
« Components:

— Interface: The ability to express the points of connections to a component.
It can either be a point of connection to the other components or a point of
connection to the outside world. In the case of microservices it can be either

ports or endpoints.

— Types: The ability for a language to classify microservices. It can be in the
form of builtin types, furnished by the language, or the abitilty given to the
user to create custom types. The custom types are particularly relevant for
functional microservices as they are specific to each microservice application
and thus cannot be provided beforehand. The infrastructural type can be
subtyped with common infrastructural microservices such as registry, gateway,

message broker...

— Semantics: The ability for a language to describe the behavior of a language
from the outside. It can consist in the description of states indicating the func-
tionalities provided by a microservice depending on previous interactions with
it. It can also describe the consequences of an interaction with a microservice
on the rest of the system (i.e. analysing, from an initial call on a microservice,

the induced calls on its neighbors).

— Constraints: The ability for a language to express constraints that must be
respected. Those constraints can be relative to different domains such as

connectivity, response time or implementation. A simple example would be
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that a particular microservice should not be directly connected to the outside

world or that it should be connected to a dedicated database.

— Implementation: Guidelines relative to the implementation of a microservice.
For instance indicating a required or forbidden technology. It can also be the
application of a layer or modification of a property indicating a particular
technology. In some cases executable instructions can be specified in the
description of a microservice. That category is obviously filled for executable

languages.

— Design patterns: The ability for a microservice to express that it belongs to
a particular design pattern and its role in it. For instance in the "database
per service' pattern, the functional microservice can indicate inline which

microservice is its dedicated database and inversely.

— Datastructures: The ability to describe the datastructures existing in the
application. The most immediate datastructures to be described are the ones
associated with functional microservices whose fields are directly involved in
the functionalities given by the microservice. Other datastructures such as

those transmitted to query the microservices can be specified.

e Connector: The presence in a language of a concept of connector which allows
to describe the link between components. Connectors are first class entities of an
ADL and as such have to be distinguished from the constituents of the interface
of components with which it can share some informations. They can be classified

using most of the categories used for components.

« Configuration: the ability to express architectural structures composed of compo-
nents and connectors. The most natural structures that can be expressed are graph
of components linked with connectors. Doing so a composite is formed providing an
abstraction that can be considered and used as a component (Compositionality).
The reusability provided by architectural configurations is either the duplication
of entirely described parts of applications or patterns where only some fields need
filling. Through this approach design patterns can be expressed and abstracted from
particular applications, slots for microservices of different natures having different
roles can be expected and rules concerning the inner workings of the architectural
configuration can be expressed (Constraints). The simple listing of components
and connectors admittedly describes precisely the system but does not make sense
of it while on the other hand architectural configurations express by essence a
superior level of abstraction that highlights the logic of the application. For that
reason they can be considered as the concept that makes a language "architectural.
Simplicity of syntax, relevance and broadness of application are fundamental for
architectural configurations as they mostly determine understandability. However

they are difficult to evaluate.
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o Scalability: The possibility to express rules relative to how the system should scale

vertically (i.e. adjusting the amount of ressources allocated to deployed elements)
and horizontally (i.e. adjusting the number of microservices instances deployed)
depending on system usage. That feature can exist for components, connectors and

configurations.

Decomposition: What is the main decomposition of the language, what are the
real-world objects that are represented by components and, with a lesser degree of

importance, connectors.

Focus: Besides the main decomposition of the language, what is the aspect of

microservices applications the languages focuses on.

The criteria used to classify the toolboxes are the following:

o Implementation: The possibility to execute the described system from its description.

This tool allows to bridge the gap of having on one side the code of the application
and on the other its description. Doing so it removes the necessity of keeping the
architectural up to date which if not done renders the system description not only
useless but potentially harmful. The implementation tool, can be a way of directly
executing the system such an interpreter or a way to compile the description to an
existing executable target language. In the first case, given that the executional
implications of the language is well understood, the execution matches perfectly the
description. The downside, apart from the considerable effort needed to produce
such a solution, is that, it limits the technology freedom given to developers that is
one of the main appeal of microservices architecture. In the second case, the ADL
can be technology agnostic and different code generators can possibly be applied to
different parts of the system. The maintenance of the tool is then a concern as the
generators have to be kept up to date with the target languages. As the architecture
language is often much more high level than the target language, the transformation
phase has to make considerable choices as to how to realize the description. It
is sometimes possible to express guidelines relative to how the system must be
implemented in the architectural description of the system. It can go as far as
introducing some target language code directly in the architectural description, be a
specification phase happening between initial design and generation or a refinement
phase happening after generation and modifying the produced code to match the

expectations of the developer.

Analysis: The analysis of the system can either be done offline, considering only
the documents describing the system, and online, observing the system as it is
running. The offline approach tends to check for more theoretical, general, less
precise properties of the system since what is actually provable is limited due to

the expression capacity of the language, and the specifics of code implementation
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and infrastructure runtime. Online analysis however can verify that any property is
respected, although what it gains in broadness it loses in depth as online analysis has
only the ability to ensure that a property has been respected until now but cannot
predict with certainty what will happen in the future. For those two, very different
but not antagonistic, approaches it is possible to extract specific metrics, measuring
a particular aspect of the system through a chosen quantification, or verify given
constraints expressed as statements with the concepts furnished by the language or
implicitly implied by choices made in the design phase. For instance a constraint
expressed explicitly could be forbidding the entrance of outside communication except
though one microservice and that exact constraint would be implicitly checked when

a "gateway pattern" has been used.

» Active Specification: Providing a tool that gives architectural advices based on the

current system descriptions.

« IDE Integration: Providing a dedicated integrated development (IDE) or modules
for existing IDE that provide help for using the language such as syntax highlighting,

syntax verification, snippets...

o Architecture Reconstruction: Providing a tool that can analyse a running application

and produce a description of it in the related ADL.

o Visualization: A visualization tool produces a visual representation based on the
description of the system. The first purpose of this tool is to help understandability
of the application. It is particularly useful for text ADLs; it allows to have an
idea of the system architecture with a quick glance when reading, connecting and
abstracting from the text description can be quite difficult and even error prone for
someone not accustomed with a particular application. Even for someone actively
working on an application, it helps to have a simpler representation of the system
available at all time. A great feature that can be added to that tool is the possibility
to represent the system in different levels of abstractions. For instance a level
of representation could be the individual microservices, a higher level could be
the different communicational patterns and at an even higher connection level the
application can be the component represented in its ecosystem. Those different
representations, in addition to help developers keeping in mind "the big picture',
can fit different kinds of stakeholder. Stakeholders interested only in the business
side may not be interested in getting into the microservice decomposition but only

in how the application is integrated in a larger ecosystem.
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3.4 Studied Microservice ADLS: Languages

To provide a better understanding of the different properties of the solutions we have
identified, we have decided analyse first the languages in their descriptive features then
to compare the toolboxes provided with each of them. The compared properties are
those presented in Section 3.3 To the exception of "Decomposition" 3.3 and "Focus" 3.3,
all the criteria are assigned a value of true, indicating the presence of the feature, or
false, indicating the absence of the feature. When a feature is part of language or a tool
furnished in the toolbox, it is represented with a green cell containing the letter "Y',
absent features and tools are represented by a red cell containing the letter "N'. When it
is not clear whether a feature should be considered part of a language or toolbox, the cell

non

is filled in orange and marked with the symbol.

To ease readability, we decomposed the languages classification table in four different
tables: component description features table, connectors and configuration table, a table
gathering other aspects of microservices ADLs and a table indicating the base concept of
the language and what it focuses on. That last table contains classification criteria that
either would not fit under one of the main sections of the other tables or on the contrary
would fit in multiple ones but for which it was more relevant to assert their presence or

absence in the language regardless of where.

3.4.1 Components

For all selected languages, the components are the microservices so we use both terms
interchangeably. To be more precise Compose and Kubernetes components are respectively
containers and workoads that refer to the execution environment which encompasses more
that just the microservice as a program. However those entities can arguably be considered
as a representation of the running microservice.

Table 3.1 represents the presence of different features in the different solutions:
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Language | Interface | Types | Semantics | Constraints | Implementation
LEMMA Y ~ N N Y
Silvera Y Y N N N
MicroArt Y N N N N
Jolie Y N Y N Y
MBuilder Y N N N Y
JHipster N Y N N Y
pwTOSCA Y Y N Y Y
Komponents Y N N N Y
Compose Y N N N Y
K8s Y N N N Y

Table 3.1: Comparison of components (microservices) description in Microservices ADLs.

The "Interface" column determines if the ADLs explicitly define the interfaces of their
components. We immediately notice that it is a shared feature for all the languages
but one. Only JHipster does not indicate precise connection points. Connection to
and through the database is either generated automatically at compile time using a
default configuration or specified through configuration files. The communication between
microservices inside the system is generated automatically based on the databases and
their relationships that are explicitly indicated in the system description.

The others ADLs allow to explicitly define the microservices’ interfaces. All of them
allow to determine the exposed port for the microservice which we have considered a
sufficient condition to check the interface description box as it is the point of entry into
the application while endpoints indicate which functionality is solicited. Despite that
indicating the endpoints gives a much more precise vision of what the microservice is
through their names, that usually fit the functionalities, and the possibility to establish
more sophisticated dependency links.

Apart from JHipster and Compose, all the ADLs allow to specify the endpoints. For
LEMMA, Silvera, Jolie and MicroBuilder, an endpoint signature corresponding to a
functionality provided by the microservice is writable inline in the microservice description
that indicates the expected parameter and the returned datatype. Component wise
Kubernetes only allows to express the port number of the exposed ports of the pod and
associated service but a structure called Ingress allows to list the endpoints and their
destinations.

Components are the base material of any ADL and interface description being a
prerequisite to describe the architecture, it is fairly natural that we observed components’

interfaces as an important focus of almost every ADL.

The "Types" column refers to the presence of types of microservices. As discussed in

the Criteria Section (3.3), the main distinction in microservices types is made between
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functional and infrastructural microservices. It is possible to expand on the latter with
subtypes matching infrastructural microservices commonly found in applications.

As shown by the table it is an uncommon feature of ADLs to provide typing for
microservices which can be surprising as it is a distinction that is commonly made
when describing microservices applications and that multiple technologies dedicated to a
particular aspect of microservice infrastructure are available and widely used.

The reasons for the lack of this important feature is that it doesn’t align with most ADLs
purpose.

LEMMA, Jolie and MicroBuilder are focused on describing the functional microservices,
having infrastructural microservices being either implicit and added at compile
(MicroBuilder) or added as a supplementary layer (LEMMA). Some of those languages
(LEMMA, Jolie) produce deployment files either in Docker Compose or Kubernetes format
so they can rely on the fundamental infrastructural microservices those technologies
provide. About functional microservices, they are by essence hard to generalise as they
are developed for a specific purpose. It is then reasonable to assume that adding types in
those languages seemed irrelevant, useless or even harmful to their creators.

In LEMMA, infrastructural microservices can be defined in the "technology viewpoint"
and then integrated in the system but only in the "operation viewpoint" limiting their
architectural presence in the system description. While it is a de facto type distinction,
it also sets aside those microservices considering they are somewhat secondary in the
architecture relegating them to the technology aspect of things. Because of that and the
absence of typing on LEMMA main focus (i.e. functional microservices), we considered
the language to be in an intermediate situation relatively to typing.

Compose and Kubernetes are focused on the configuration of the environment. Part
of what would be considered infrastructural is already considered as taken care off in
the settings they describe (discovery, routing) and for the particular infrastructural
microservices used by an application, there is no obvious reason from an operation
standpoint to consider them differently than any other microservice. Kubernetes possesses
the Ingress resource that acts as a gateway but is more akin to a specific microservice
than a type.

The languages having a concept of type are Silvera and JHipster. JHipster distinguishes
only one type from functional microservices which is the "gateway" type. That distinction
is driven by the aim of JHipster as a whole that is to produce an advanced prototype of a
web application where the user can define the technology stack associated with functional
microservices. The application always has a gateway that produces a different code than
the other microservices. Silvera also contains a gateway type in which, to the difference of
JHipster, the path routing can be specified. Silvera also has a registry type acting as a
wrapper for a specific register technology that is specified in a field.

MicroArt has no concrete syntax but a metamodel used to make a model of the application

through the online analysis of the application. Its metamodel contains a notion of type
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which is effectively unused so we tend to consider that it does not provide typing for
microservices.

In summary, typing is almost non existent in the ADLs we have investigated, the reasons
we have identified is the difficulty of determining useful and relevant types for functional
microservices, the implicit presence of infrastructural microservices or the absence of a

need to identify them as specific microservices.

The "Semantics" column determines if the language allows for a description of the
behavior of the component from the outside (see discussion in the "Classification Criteria'
Section 3.3). To the exception of Jolie, it is a missing feature of all ADLs we have
considered. The closest feature to semantics description that some languages provide
(LEMMA, Silvera, MicroBuilder) is the indication of the data type transmitted when
responding to a specific functionality call. However we regard that as insufficient to affirm
that those languages provide semantics descriptions as it belongs to endpoints interface
description and that it does not give information to the induced state of the microservice
i.e. the change it implies on offered functionalities.

Jolie on the other hand has a specific, simple and appropriate syntax allowing to
describe the impact of interactions with the microservice on its subsequent provided
functionalities[39]. Using the keywords "provide" and "until" it describes the behavior of
the microservice as a machine state.

Compose provides a dependency configuration feature that indicates the order in
which the system must be deployed and through online analysis MicroArt is able to
express dependencies between endpoints. Those two approaches cover some elementary
parts of what describing the semantics in the system in the sense of describing the
communicational impact would be. However, we consider that to properly express that
acceptation of semantics it is necessary to establish the link between incoming and
outgoing communications. Because of that we consider that no language describes the
communicational behavior of microservices. In summary, semantics description is a largely
unexplored aspect of microservice applications architecture description. We presume that
it comes from the difficulty of establishing an appropriate model and syntax for it but
also because most of the ADLs we have looked at are oriented toward code generation
and thus leave that aspect of microservice applications to their concrete implementation.
We consider that as a deficiency as semantics are a considerable part of what makes a
language architectural. Moreover, in the context of code generation, semantics description
could make the generated much closer to the architect intent thus reducing the manual
refinement process. Jolie being a dedicated microservice programming language does not

have that discrepancy and pertinently cover that aspect.

The "Constraints" field determines if it is possible to express statements that microser-

vices must respect. Coupled with the appropriate tool, it allows the architect to be sure
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that its component description does not break those general rules. It is also a way to
ensure that it won’t happen in future modifications of the system and even if there is no
verification it has the merit of explicitly stating the imperatives relative to a particular
component.

We consider that a language would be able to describe constraints if it can do so in a direct
manner and not as a consequence of another description. For instance, LEMMA allows to
specify the protocol of an endpoint. We consider this as a description of the endpoint and
not a proper case of constraint that should be expressed for the whole component. For
instance, a statement establishing that all endpoints of a component must be used only
with a particular protocol would be a valid case of constraint.

While those concerns are properly architectural, only pTOSCA, thought inheritance of the
TOSCA specification, allows to express them for instance by setting ranges for values of
numerical attributes, or imposing elements of certain types in groups thus transmitting the
service constraints to architectural gatherings. We see that as a deficiency as constraints
give a proper architectural information on components. Some simple constraints could
be easily expressed such as a rules on the number of connections, on usable technologies,
on communication protocols, on position in larger configurations or on the execution
environment. Executional constraints such as response time or connection limit are also

possible to express and couple with monitoring tools.

The "Implementation” column refers to the ability to give indications about how the
described component should translate into an program. For the languages that provide
such a possibility, we must distinguish tree categories.

The first category consists of the executable languages. Jolie, Compose (through Docker
Compose) and Kubernetes have an execution tool that allows to immediately execute
the system. ' TOSCA and Kompose have tools to compile their application descriptions
files into Docker Compose files and Kubernetes manifest and provide means to directly
set properties in resulting files. Obviously the implementation category becomes either
irrelevant or validated by default for them. We can note, that even if executables, the
expressive power of the language sometimes excess the executional power of the related
execution tool. For instance, it is possible to express a number of replica in Compose
while the Docker Compose platform does not have a mean to use that information [23].

The second category are the languages that allow to associate technologies with
components. In LEMMA it is possible to define technologies in a particular viewpoint
that can the be placed as an additional layer upon described microservices. This applied
technology then implies some precisions to be added to the microservice description for
the description to be correct and the code generation to be performed. Other technologies,
such as infrastructural microservices or databases can also be defined in the technology
viewpoint files and then only referred to in the deployment section of the application.
JHipster does not let the user define custom technologies but includes them in the

description of microservices. Some arguably infrastructural responsibilities (e.g. data
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storage, authentication...) are then taken care of by resulting microservices invoked at
execution time.

The last category includes the languages that allows to directly write target code
which is obviously some sort of implementation indication. MicroBuilder demands
the user to precise the Java code of non implicitly generated methods and LEMMA
in its deployment section allow the user to introduce some Docker code. The aim of
an architectural language is to provide an higher level view of the system and since
procedural code often needs deep analysis to understand its ramifications its introduction
in architectural description is not to be generally considered desirable. However in the
case of those languages that are directed toward code generation and use the introduction
of executable code in a limited and well-defined manner it limits the discrepancy between
the architectural description and the target executable code that is generated. Moreover
those precisions limit the ulterior refinement work.

Silvera does not includes concepts dedicated to implementation and MicroArt being used
as a language to only describe existing architectures has no need for it.

In summary, we have seen that most languages are either directly executable or provide
some way of giving implementation directives. The fact that this area is well covered is
to be put in touch with the fact that most of these languages aim to be used for code

generation.

3.4.2 Connectors and Configurations

Connectors and configurations are considered essential parts of an ADL (see Section
3.1) however they are absent from most ADLs and when not, their presence is limited.

Table 3.2 shows their presence in the presented languages.

Language | Connectors | Configurations
LEMMA N N
Silvera

MicroArt Y N
Jolie N Y
MBuilder N N
JHipster N N
uwTOSCA ~ ~
Komponents Y N
Compose N Y
K8s N Y

Table 3.2: Presence of connectors and architectural configurations in in microservice
ADLs.
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The "Connector" column indicates whether the language has a notion of connector or
not. As discussed before, interfaces are to be distinguished from connectors as they define
the points on which the connectors are meant to connect to. Through that specification
they can give limitations about which kind of connectors can be used but connectors must
be independent entities representing a communicational link between two components or
more. Because of that, explicit dependencies written in components descriptions are also
not connectors. In a fully and well described system they would imply the existence of a
connector that could render their specification unnecessary.

That being clarified we now consider the presence of the connector concept in existing
ADLs and remark that it is almost non-existent. MicroArt provides a rudimentary concept
of connector under the name of "Link" that is created by offline and online analysis
of the system and consisting only in the source and destination of the connection. As
MicroArt does not have a concrete syntax it serves only as an intermediary to produce the
dependency graph of the application. The only example of a connector independent from
service definition in a concrete syntax is found in Komponents description with a separate
section of the description allowing for connectors of different cardinality for source and
target.

pwTOSCA comes close to having a satisfying implementation of connectors through inheri-
tance of the relationship type from TOSCA and its sub-typing capabilities but does
not make them first class citizens of the language. Jolie has a concept named Aggregator,
discussed in the next paragraph, that comprises some parts of what a connector is such
as having input and output ports corresponding to other microservices as well as protocol
specification. However a Jolie aggregator does much more than what a connector is
expected to do such as protocol transformation, and unified response construction from
different microservices. It also manifests itself as an independent process at runtime and so
we fell that it did not fit into the connector category that is meant to represent immaterial
relations between components.

Connectors not being addressed independently can be considered an important defi-
ciency in existing microservice ADLs as without them the description of the application
tends to be a collection of unorganized elements and thus miss the exhibition of the
architecture. On the other hand, explicit sections dedicated to them tend to be difficult

to make sense of, and considerably weight on application description length.

The "Configuration" column refers to the possibility to express architectural
configurations in the language. As it is the case with connectors configurations are an
uncommon feature of microservices ADLs.

LEMMA Silvera, MicroBuilder and Jhipster have no concepts that can be considered as
configurations. MicroArt has a notion of "cluster" in its metamodel but makes no use
of it as no information extracted from the offline or online analysis of the application
is mapped to the concept. We then considered that it did not provide architectural

configurations.
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uwTOSCA allows the gathering of services in groups, a concept inherited from TOSCA.
It is a reasonable way to highlight policies and even patterns through the use of type
constraints. However it lacks a proper set of attributes, does not add logic to the services
it contains and does little more than applying the constraints defined for services. Because
of that we do not consider them a fully satisfying implementation of configurations.
Komposes comes close to having a real concept of configuration through the composite
concept that allows to make reusable composition of microservices. However parametriza-
tion of composite objects is difficult, as it is done indirectly through importation in a
newly defined object. The composite concept has much of what a configuration concept
needs but we consider that it cannot considered as such because each service can only
be part of one composite making impossible to express different patterns affecting a
single service. Jolie has two concepts that can be considered architectural configurations:
aggregation and embedding.

Aggregation is used to orchestrate groups of services that produce different responses
and produce a single composed response to the caller. It describes a composition
of microservices but has an existence of its own, both logically and at runtime as
an independent process, as it performs actions that are not limited to the piping of
microservices communications. However its primary function is to organise the workflow
of existing microservices describing, the logic tying them together and can thus provides a
higher level of abstraction in which the aggregator is seen as a component to its immediate
environment. Because of that we consider aggregators to be architectural configurations.
Embedding is a concept in Jolie that allows to combine, from an execution point of view,
existing services into a new, bigger one. Embedded services are then parts of a larger
service and not existing anymore as independent processes but as part of a new service
that usually add unifying logic on top of them. That part can make it arguable that
embedding is not an architectural configuration since it does more than describing the
system. We consider that if we dissociate the language from its implementation (i.e.
current interpreter) the added logic can be seen as a description of what’s happening
in its parts as the embedding concept can be used as a wrapper around the contained
services. Because of that the embedding concept is not only fitted to be considered a
configuration but also the more advanced example of configuration we have encountered
as it allows to define a custom logic for services interactions. Compose proposes a series
of keywords that affect the entirety of the system. The "networks" keyword creates a
communicational space shared by default by all the services of the system or by a selected
number of them that register to it in their description. Multiple networks can be defined
creating communicational cluster of services. In the same manner, the "volumes" keyword
defines a cluster of services sharing a data storage location. That ability of clustering
given by Compose makes it so that it can be considered as featuring builtin specific
architectural configurations.

Kubernetes offers resources such as Ingress, Services, Deployments and Pods can
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be seen as architectural configurations as they allow to cluster services. Ingress
allows to route incoming communications toward different kinds of pods depend-
ing on the path, it thus defines a cluster of pods accessible from the outside of
the application. Deployments are usually used to manage one kind of pod but
can refer to multiple pods. Services create a communicational cluster for different
pods. Pods can be constituted of multiple pods, in practice usually a main service and

its dedicated services such as a database or an initializer. Doing so it produces a composite.

Surprisingly enough, the executable languages, whose main purpose is not the
description of the architecture, are those that contain architectural configurations that are
arguably the highest degree of architecture description. That is partly explainable by the
fact that architectural configurations are essential for those languages to perform while it
appears as superfluous to other ADLs. We consider that as a deficiency, even more than
we did with connectors, since the architectural configurations are a condition to make
sense of the system in a global manner regardless of the viewpoint (e.g. communicational,

logic, resources...).

3.4.3 Other Aspects

Table 3.3 gathers other aspects of microservices systems that can be found in multiple
ADLs in different forms.

Language | Design Patterns | Data Structures | Deployment
LEMMA N Y Y
Silvera Y N Y
MicroArt N N N
Jolie N N ~
MBuilder Y Y N
JHipster Y Y Y
uwTOSCA N N Y
Komponents Y N Y
Compose N N Y
K8s N N Y

Table 3.3: Presence of other microservices systems aspects in microservice ADLs

The column "Design Patterns" indicates whether or not design patterns appear in
one form or another in the language. An extensive list of design patterns and their

descriptions can be found in Section A.
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Compose and Kubernetes do not have a notion of design patterns although some of their
structures suppose implicitly the presence of tools whose functioning implements some of
the more usual patterns. The "network" concept in Compose and the "service" concept in
Kubernetes for example imply the presence of the "registry pattern" and of the presence
of service discovery through DNS. However these languages do not refer explicitly to
those patterns which is what is expected of an architecture language representing them.
The Ingress component of Kubernetes can be seen as acting like a gateway but describes
rather a microservice than the architectural impact of a gateway pattern as it does not
encompass microservices indirectly accessible. Lastly if the Pod structure allows to create
some topologies which correspond to design pattern (e.g. database per service), it does so
implicitly, by having a description that happens to correspond to the pattern but is not

identifiable as such in itself and is no reusable.

Jolie happens to fall in the same category as its topological structures are not
parametrizable enough to express a design pattern in different applications. It is possible
to express a particular topology in an application that would fit a given design pattern but
it is necessary to include all the possible services that can be used and apply conditionals
to determine which one of them is used in this particular instance of the composite
structure.

Kompose, LEMMA and MicroArt have no structures or keywords to indicate the
usage of a design pattern. However Kompose presents multiple example of pattern
implementations. The composite type is used to create reusable structures composed
of multiple elements but the limitation of having services defined exclusively in one
composite make it impossible to represent their interconnections.

Silvera, MicroBuilder, JHipster and pTOSCA all provide references to well known design
patterns in their components’ descriptions. In Silvera, when describing a microservice
you have to explicitly reference its registry, implementing de facto the 'registry
pattern'. MicroBuilder and JHipster both couple databases with functional microservices
implementing de facto the "database per service" pattern but do not give the option to
opt for a "shared database" pattern. pTOSCA has tree keywords (dynamic_discovery,
circuit_breaker and timeout) used in the relationship section of service definition
signifying the use relational patterns between two services. The Edge group gathering
the services with ports open outside of the application can also be considered a pattern.
Through groups new patterns and policies can also be added.

In summary design patterns are not widely used in existing ADLs for description of
microservice applications. Most of the languages use design patterns implicitly in
the sense that their toolboxes either generate applications with fixed patterns or that
the tools used to execute the code, in the case of executable languages, rely on them.
That situation can be seen as pragmatic but is also a loss in generality as it limits the

range of architectures those languages can describe. The best situation would be to
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dispose of structures allowing for the creation of reusable, parametrizable architectural
configurations whose particular forms would match design patterns. Unfortunately no

existing microservice ADL provide such a concept in its concrete syntax.

The column "Data Structures" indicates if a language allows to describe the data
structures existing in the application.
As Compose and Kubernetes are not involved with the functional code, they have no mean
of describing data structures linked with microservices. yTOSCA and Komponents being
also deployment oriented they do not provide ways to represent data structure although
#wTOSCA has a DataStore microservice type. Jolie possesses a series of inbuilt methods
that allow to communicate with a number of database technologies in a standardized
way but do not allow to define persistent data structures owned by microservices. Being
a programming language it allows for 'runtime' data structures to be defined in the
microservices code.
LEMMA, MicroBuilder and JHipster have a strong focus on data structures used in the
system and are the only languages we studied that allow to explicitly define them. All
three languages allow to define databases owned by microservices de facto implementing
the "database per service pattern" and not giving the possibility to describe architectures
with shared databases.
Microbuilder does it in the most straightforward manner by simply having the data
structures defined in microservices’ descriptions. It provides a distinction between data
structures stored in an independent database whose persistence does not depend on the
microservices life as a program and data structures that exist for the lifetime of the
microservice and that are lost when it stops its execution.
JHipster defines data structures separately from microservices. The microservices can
refer to a number of data structures. Each microservice referring to a data structure has
to be considered as having its own instance of the data structure, effectively existing as a
dedicated database whose particular technology implementation is determined in the
description of the microservice. A specificity of JHipster regarding databases is that it
allows to describe relationships between databases.
LEMMA is the language where the data concern is the most developed. Data structures
are described in their own section section of the language named "data viewpoint". The
main distinction is made using the domain-driven design of "entities" and "value object'
who represent respectively persistent data structures and transient data structures. The
data structures’ definitions can then be used in the microservice viewpoint. Entities are
typically objects in databases dedicated to a microservice which implements the "database
per service" pattern. Where LEMMA stands out is in allowing do define precisely through
value objects the volatile data structures used for requesting and answering requests.
Through its data viewpoint, LEMMA addresses the data communication concern in the

most precise way we have encountered.
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In summary, there are different examples of data structure representation in microservices’

ADLs focussed on defining the databases dedicated to specific microservices. While it is
not as specific to microservices as the "database per service" pattern is, "shared database"
pattern is not specifically describable in any of the languages which is a limitation in

terms of architectural description.

The column "Deployment" indicates whether or not the language allows to insert
descriptions relative to the deployment of the system.
Compose and Kubernetes are runtime environment configuration oriented so they do this
by design. Although yTOSCA and Komponents are technology agnostic, they compile
toward Compose and Kuberetes and some of their properties are directly mapped on
those target languages properties. They also offer possibilities to directly set properties of
any deployment language they could be compile to.
Jolie and Microbuilder have not a deployment section anywhere in the architecture
description. The closest indication relative to deployment is that in both of those language
the exposed port is specified in the microservice description. Jolie adds the location (url
or ip address) and couples deployment configuration files to the main system description.
JHipster and Silvera both have a "deployment" keyword used in the scope of the
architecture description to parametrize the deployment. JHipster uses either Docker
Compose, Kubernetes or Open Shift for deployment and it uses its "deployment'
description to choose between those three technologies and configure them using specific
fields for each of them. Some technology agnostic keywords such as "number of replicas’,
deciding between "ephemeral" or "persistent" storage allow to indicate some general
notions about how the system should be deployed. In JHipster, multiple deployment
blocks, for different technologies, can be defined at the architecture description root, with
each of them ultimately producing deployment for the whole system. Silvera can only
produce a Docker Compose files at generation time but defines the deployment block
inside microservices description, allowing to have specific instructions for each of them. It
expresses the deployment in a more technology agnostic manner making no references to
the particular technology it uses in the deployment block. The most determining fields
that can be defined are "port", "replicas" and "restart policy". It is to be noted that it is
possible to specify in the "host" field if the application is intended to run in a "physical
machine, virtual machine or container".
LEMMA as for the data concern, dedicates a whole viewpoint to the deployment concern
named "operation viewpoint" that is a part of the architecture description expressed in
dedicated files. Services are imported either from the "service viewpoint" for functional
microservices, or defined directly as infrastructural services using technologies defined
in the "technology viewpoint" files. Each of these kinds of deployment units specify
exposed ports and use a deployment technology defined in the "technology viewpoint" files
that allows to specify specific fields to fill (e.g. image, dockerfile). The infrastructural
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deployment units have specific fields allowing to express on which infrastructural nodes
they are depending and which functional services depend on them. They also permit to
specify some technology specific fields (e.g. database password).

In summary, set aside deployment configuration languages, deployment is a common
feature in microservices ADLs but stays on the surface leaving the specificities to be

modified in the necessarily existing or generated deployment files.

3.4.4 Decomposition

Languages have fundamental elements of decomposition as defined in Section 4.2.2.

Table 3.4 compare identified microservice ADLs in that regard.

Language Decomposition Focus
LEMMA microservice interface, data
Silvera microservice interface
MicroArt microservice interface, dependencies
Jolie microservice interface, logic
MBuilder microservice interface, data
JHipster microservice data, technology
uwTOSCA microservice configuration
Komponents | microservice/composite configuration
Compose microservice/container configuration
K8s workload configuration

Table 3.4: Main decomposition and focus of microservice ADLs

The "Decomposition" column represents the kind of components the different ADLs use
to decompose the application and the "Focus" column indicates the main axis of description
of that component. Unsurprisingly in most of the cases the base system brick is the
microservice. Here we distinguish microservice from container or pod, respectively the unit
of decomposition for Compose and Kubernetes. "Microservice" designates the program
and in all cases but JHipster, the microservice is first described through its interface and
without any technology specification. Under that aspect of component description which
is necessary to any architectural description, different focuses are brought by the different
languages. Data description provided by LEMMA, MicroBuilder and JHipster is a key
aspect of microservices as it poses specific challenges to preserve their independence. Jolie
being a programming language has as a main focus to describe the microservice logic
which is entirely contained in its description.

JHipster is a particular case as it does not explicitly provide endpoints. The "application"

structure, that in a microservice context refers to a microservice, acts as a blueprint,
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gathering and configuring different technologies taking part in the final program. We
considered that it is core to JHipster as it constitutes the microservice description. On
the other hand in LEMMA the technology model applies as an overlay to the technology
agnostic service description.

While to some extent the container and the program executing can both coincide as
being the "microservice" the distinction is to be made when considering the focus of a
language. Indeed ' TOSCA, Komponents, Compose and Kubernetes use as base element
not the program but the environment in which it is executed. In accordance with that
decomposition the description sets the properties of the inside of the components, where
the program is just a particular attribute among other such a environment variables, and

the edges of the components with properties such as ports or allocated resources.

3.4.5 Aims and Targets

Listing 3.5 shows that the presented languages have different aims and target different
stakeholders. Most of the languages have for ultimate aim to produce the application
executable code or at least a code base to expend in order to make the application
executable. They offer a global view which is of interest for architect and produce code
that is of interest for developers. However, as we've seen before, because they do not
offer abstraction to express and abstract the architecture,they are more suited for small
applications where those two roles have a good chance of being assumed by the same
persons. MicroArt can be put aside as an original proposition targeted purely toward
architects aiming at understanding an application architecture. yTOSCA, Komponents,
Compose and Kubernetes are not following the same aim as they are closely linked to
deployment and operation technologies thus having the advantage of being immediately
useful the last two being immediately interpreted by their related execution software and
the first two being mapped to them through their toolbox in a direct manner needing no

further modification.
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Language Aim Target
LEMMA code generation architects/developers
Silvera code generation architects/developers
MicroBuilder code generation architects/developers
MicroArt dependencies reconstruction | architects/developers
Jolie development architects/developers
JHipster technology blueprint architects/developers
uwTOSCA operation configuration architects/operators
Komponents operation configuration operators
Compose operation configuration operators
K8s operation configuration operators

Table 3.5: Principal aims and stakeholders targets of the identified solutions

3.5 Studied Microservice ADLs : Toolboxes

Toolboxes are fundamentally linked to the languages that describe an architecture, often

they are the reason the language was created in the first place. It is particularly obvious

for Compose (through Docker Compose, its main implementation) and Kubernetes for

which the language and supporting tool are so perfectly aligned that in practice users

make little difference between the two.

The tools provided can be of very different natures. We grouped tools that are relative

to implementation, analysis and visualization as these categories appeared as the most

important.

3.5.1 Implementation Tools

Table 3.6 presents the tools that are relative to execution in the studied ADLs.
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Language | Executable | Generation
LEMMA N Y
Silvera N Y
MicroArt N N
Jolie Y Y
MBuilder N Y
JHipster N Y
uwTOSCA N Y
Komponents N Y
Compose Y Y
K8s Y N

Table 3.6: Presence of implementation tools for identified solutions

The column "Executable" refers to the existence of a tool to directly run described
architecture without compiling it to an existing, executable, target language. Three
languages fit that categorization: Jolie, Compose and Kubernetes.

Jolie is a procedural programming language dedicated to create microservices systems
and so it comes with a specific interpreter that has been realized to run instructions
(e.g. parallelism) or producing behavior (e.g. message transmission error) designed to be
particularly relevant for microservices architectures. Whether the system is run using a
container technology or the jolie command, each service is a different process running a
different instances of the Jolie interpreter. The Jolie interpreter is written in Java so it
relies on the Java Virtual Machine to run.

pwTOSCA and Komponents are not directly executable but have compiler to both
Compose and Kubernetes allowing exact execution of their description files without
modification.

Compose files are executable with the docker-compose tool that translate those declarative
files in a docker application that meets the described properties. In the end, the tool
associated with the compose description is then docker and from a point of view compose
acts as a wrapper around docker, avoiding the pains of scripting or command typing to
obtain the desired system. As Compose relies ultimately on Docker, it benefits from all
its features such as service discovery, network communication and isolation or security
features. It also adds functionalities on the system such as scaling.

Kubernetes’ files, known as manifests, are intended to be used to interact with a
Kubernetes running system that manages resources, taking away the infrastructural
concern of deciding where and how to set up the modifications, from the user. Setting
up the Kubernetes system has a relatively high initial cost but once its done the
infrastructure is made completely abstract. What is left for the user to do is simply to
describe what it desires and transmit it to the Kubernetes interface that will take the

appropriate measures to make so that the real state of the running application match
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the description. Kubernetes is often refered as an orchestrator, which is appropriate if
we think of orchestration as dealing "with how different services are composed into a
coherent whole"[3]. Kubernetes fits that broad and blurry definition by taking charge of a
multiplicity of strong requirements for a microservice application such as service discovery,
scaling (both vertical and horizontal), message routing and many other aspects. It also
fits the more precise definition of an orchestrator specifying that "in particular, it specifies
the order in which the services are invoked, and the conditions under which a certain
service may or may not be invoked[3]. It is to be precised though that Kubernetes does
take charge of that aspect from the infrastructural point of view, for instance through
load-balancing and routing, but does not get into the control flow of application logic
which was historically the initial subject of orchestration. However, to be effective the

described Kubernetes system description must match the application logic.

The column "Generation" refers to whether or not the corresponding microservice
ADL is coupled with a tool that can generate code in a language that already disposes of
the tools needed for it to be executable (e.g. an interpreter, a compiler to machine code).
MicroArt and Kubernetes have no tool for generating code in an executable target
language. MicroArt is intended to be used in architecture reconstruction and provide
information about microservices dependencies in the system; converting the extracted
information in an existing executable language would have been a totally different purpose
and challenge. Kubernetes relies heavily on its own specific structures and is designed to
be coupled to its particular platform which makes it difficult to translate. Also it is fairly
recent and arguably still the last major deployment and operation technology that has
arisen so the need for translation might not exist yet.

Jolie and Compose are executable languages (meaning that they dispose of a tool to
directly run the code) but can also be translated respectively to Java and Kubernetes.
Jolie furnishes a tool named "jolie2java" that permits to convert a Jolie service to Java.
Jolie furnishes Java libraries to allow easy compatibility between Jolie and Java services,
when using jolie2java, the Java services produced are then able to directly invoke the Jolie
services’ operations. Compose has a tool named "Kompose'[58] used to convert Docker
Compose files to container orchestrators, and in particular to Kubernetes. It is an official
Kubernetes project. It generally requires little modification to the produced files to have
a working application and allows to complete the Docker Compose file with custom
labels to obtain the desired output and limit manual refinement. It is to be note that as
Kubernetes implements more functionalities than Docker Compose, some microservices
might have been initially designed to take care of task that are native to Kubernetes and
thus resulting in a non optimal architecture where specific Kubernetes resources are not
taken advantage of and even acting as redundant parts of the system.

LEMMA, Silvera, MicroBuilder and JHipster are mainly oriented toward code generation.

They all provide means to generate Java code either through a command line compiler
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tool (Silvera, MicroBuilder, JHipster) or as an Eclipse plugin (LEMMA). Silvera,
JHipster generate code using templates in a model-to-text transformation, while
MicroBuilder compiler named "MicroGenerator" transforms the system description in a
direct model-to-text transformation. To clarify, the description of the system is the model
that is transformed to text, that transformation is done either directly or disposes of a
modular component, a template, that will determine through place holders replaced at
compile time what the final code will be. LEMMA has an additional initial step to this
process, converting the system description in instances of builtin metamodels (mapped
on the different viewpoints in the language) that can then be used in a model to model
transformation (effectively toward a general object oriented language metamodel) before
being transformed to code. That supplementary step allows for a lot more flexibility and
possibilities such as model analysis and permitting the creation of transformations tools
to other programming paradigms metamodels. Ultimately in each of these solutions, a
refinement phase is needed after code generation.

pwTOSCA and Komponents provide compilers, respectively pFreshener and Deployer,
producing exact mappings of their description in Compose and Kubernetes, allowing
deployment without modifications.

3.5.2 Analysis

Table 3.7 represents the tools available for the different languages we studied. It is largely

an unexplored territory as only Silvera and MicroArt have some analysis capabilities.

Language Offline Online
Constraints | Metrics | Constraints | Metrics
LEMMA N N N N
Silvera N Y N N
MicroArt N N N ~
Jolie N N N N
MBuilder N N N N
JHipster N N N ~
pwTOSCA Y N N ~
Komponents N N N N
Compose N N N ~
K8s N N N ~

Table 3.7: Presence of architectural analysis tools for identified solutions

Silvera is the only language having a tool to establish an offline evaluation of

the system; it does so by calculating metrics at compile time, in a phase preceding
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code generation. The six metrics evaluate mainly the independence of microservices
in order to draw attention on potentially critical or problematic parts of the system.
Each microservice is subject to evaluation for each metric, this process resulting in an
application score (i.e. average of all microservices scores) for a particular metric.
uTOSCA benefits from the existing TOSCA engines, e.g., Cloudify [10], xOpera TOSCA
orchestrator [108], to enforce the constraints expressed in the application descriptions.
MicroArt through online analysis is able to extract microservices dependencies. However
it does not provide a comprehensive way of presenting the gathered info, leaving the real
analysis part and deduction making to the user.

Online analysis is relatively unexploited. Kubernetes natively produces metrics about
resources used by pods on the underlying infrastructure hosting them, resources used
by the kubernetes system itself and custom metrics exported by applications. In the
same manner, Docker produces resources metrics accessible through the API. Since
those platforms control the execution of the application it is not surprising that they
produce metrics about resource usage. However these raw metrics are not correlated to
the architecture of the microservice application and thus do not produce an evaluation of
the system.

A surprising observation is that, apart from JHipster, generation oriented ADL do
not automatically integrate technologies to produce metrics. JHipster at compile
time integrates components to produce resources usage metrics (Prometheus), ways to
exports application specific metrics (Logstash) and to produce a graphical representation
(Grafana).

Analysis is a particularly untouched territory which is explainable by different factors.
Before thinking about having a tool to verify constraints it would be desirable to
dispose of ways to express constraints about a microservice system. If such an
expression capacity was existing in a language, matching this syntax with an existing, gen-

eral, model analysing tool (e.g. Alloy [2]) could prove less tedious than one could anticipate.

3.5.3 Visualization

Visualization is the most effective tool to represent high level informations. It is useful to
share informations between different domains, but also for domains specialists to have an
easy reminder of the system and its environment. Table 3.8 presents the visualization
tools present in the identified ADLs toolboxes.
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Language | Representation | Abstraction | Views
LEMMA N N N
Silvera N N N
MicroArt Y N N
Jolie N N N
MBuilder N N N
JHipster Y N N
uTOSCA Y Y Y
Komponents N N N
Compose N N N
K8s N N N

Table 3.8: Presence of visualization tools for identified solutions

MicroArt is oriented toward architecture reconstruction and uses a graphical
representation to represent the system it analysed. In the representation, microservices
are represented as a collection of boxes, one for each identified endpoint with a section for
exposed endpoints and another for required microservices. Those boxes are connected
with lines indicating a dependency. As MicroArt does not provide a concrete syntax, it is
fair to say that the graphical representation is the actual language and not a graphical
representation of it. MicroArt does not provide different levels of abstractions or views of
different aspects of the system.

JHipster provides a very simple representation of the different microservices as boxes
containing the different "entities" and their relations. The visualization is generated
directly as the description is being written and even though it is rudimentary is shows the
power of a graphical representation as local modifications appear immediately and clearly
in their relation with other preexisting elements. The visualization provided by JHipster
could be considered a view as it describes only the data structures. Through its IntelliJ
plugin, JHipster also generates UML representation.

Komponents has a modeler tool to represent descriptions with a graphical syntax mapped
to the language. It allows to import Komponents files to view their representation and
then modify the application before producing the corresponding text description.
pwTOSCA, through pFreshener, provides the most complete graphical tool of the toolboxes
associated with the languages studied in this thesis. It is able to show different levels
of abstractions, from detected patterns to components descriptions, and view such as
communication view and deployment view. Its main goal being the identification of
anti-patterns, if also highlights, proposes modifications presented in a graphical way that
can be interactively compared to the original architecture.

The usefulness of those examples shows that visual representation is a missing feature in
many ADLs that could be an important and relatively easy tool to integrate. Producing

a mapping from the ADLs to existing technologies, such as the C4 model[98] that already
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provides a way to represent different abstractions level, could be an effective way to do so.

3.5.4 Other Tools

Table 3.9 reassembles different tools used to help developers and architects understand

and improve the system.

Language | IDE | Active Specification | Architecture Reconstruction
LEMMA Y N N
Silvera N N N
MicroArt N N Y
Jolie Y N N
MBuilder N N N
JHipster Y N N
puTOSCA N Y Y
Komponents | N N N
Compose N N N
K8s N N N

Table 3.9: Presence of other tools for identified solutions

The column IDE indicates if a microservice language either provides a dedicated IDE
or plugins for existing IDEs.
The most usual way to provide IDE support for ADLs is to furnish a plugin for an existing
IDE. The languages that do so are JHipster (IntelliJ), LEMMA (Eclipse) and Jolie
(Visual Studio Code) with all of them providing syntax highlighting and text completion.
JHipster is the only language to propose a dedicated IDE accessible through its website.
Apart from pTOSCA, active specification is not part of any toolbox which is to be
expected since static analysis is almost non existent. Most of the systems we have
identified make strong decisions that can be considered as good practice for the type of
application they aim but it cannot be considered active specification as it does not adapt
to the particular architecture being described. Positive active specification is particularly
challenging as it needs not only to understand the described architecture but also know of
the relevant architectural compositions through either an exhaustive list or general rules.
The tool must then be able to correctly identify an unsatisfying architecture and a better
proposition to present the user with.
Active specification can be seen as the pinnacle of user support, but its implementation
as a positive proposition is difficult to achieve. An easier implementation is the detection
of anti-patterns and the proposition of a solution. We note an article presenting a proof

of concept using LEMMA to identify and correct architectural anti-patterns has been
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published[105] that could lead to a future implementation.

Architecture reconstruction is the main focus of MicroArt which focuses particularly
on endpoints dependencies through static and online analysis. MicroArt architecture
reconstruction tool first analyses the source code then performs an online analysis to
ultimately ask the user for a refinement phase where the service discovery microservice
is identified manually and removed. As it acts as an intermediary the tool links the
identified calls to the service discovery microservice to the corresponding calls from the
service discovery microservice and reveal the logical dependencies in the system.

Both of those tools are the main focus of pTOSCA. Its toolchain is constituted of
two mains tools. pMiner automatically reconstructs the application architecture from
Kubernetes manifests by static analysis and optionally online monitoring. From there it
produces uyTOSCA descriptionof the application instantiating the patterns implemented
in the language. Other information such as non implemented patterns or anti-pattern are
stored in side files. Those files are transmitted to the second tool pFreshener, the active
specification tool, that provides a graphical representation of the application and suggests
modifications to improve the application architecture.

Different techniques have been explored in academic papers to reconstruct the architecture
such as log collection, packet interception and code analysis. It is also a large area of
interest in the industry due to the ever growing complexity of Microservice applications|8].
However they focus on the particular concern of microservice dependencies representation

and are not coupled with a language allowing to describe the system in its different aspects.

3.6 Synthesis and Research Challenges

Through the analysis of existing microservices ADLs, we have identified several limitations
that are not covered and that motivate the research questions introduced in Section 1.2.

One of the main conclusions is that existing solutions, having as first objective to
produce or be runnable code, are not oriented toward describing the underlying structures
and patterns that are properly architectural. This limitation is particularly perceptible in
the lack of structures to describe architectural configurations. When such structures exist,
they are either tied to fundamental necessities of an application execution environment, as
in Compose, or specific to the tools to which the language is destined, as in Kubernetes.
Jolie constitutes a partial exception, but the architectural configurations it provides are
thought as executional units, adding logic instead of describing the one that is already
present, and they lack flexibility in terms of reuse.

As a consequence, microservice applications are still described primarily as lists of
microservices, with architectural logic remaining implicit. This situation limits under-

standability and hinders the expression of global concerns, as concerns are scattered
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among multiple elements of the system description, making modification and evolution
error prone.

Another major challenge concerns the alignment between architectural descriptions
and existing systems. Maintaining a distinct architectural language introduces a constant
workload and increases the risk of discrepancy between the description and the actual
state of the application. While existing ADLs address this issue through executability or
code generation, these approaches generally imply manual refinement phases that rapidly
render the initial description outdated. Executable languages further face adoption issues
due to the maturity of existing microservice ecosystems, which limits their architectural
reach in practice.

These observations highlight the need for architectural description approaches capable
of expressing meaningful architectural structures while remaining applicable to existing
systems, ideally through the extraction of architectural information using static and
dynamic analysis or at least through simple but powerful concepts and syntax reaching

the fundamental architecture structure of applications with minimal verboseness.

3.7 Conclusion

Microservice architecture brings solutions to limitations of earlier software architecture
styles by promoting autonomy, technological diversity, and fine-grained scaling. These
benefits stem from the independence of microservices, but this same independence also
increases application complexity, leading to difficulties in understanding the system and
managing its evolution.

Architectural decisions therefore play a determining role throughout the application
lifecycle. However, the distributed and heterogeneous nature of microservice-based devel-
opment increases concern scattering and makes it difficult to obtain a unified view of the
system.

Architecture Description Languages aim to address these difficulties by providing
a unified vision of a microservice architecture through the description of components,
their relations, and architectural configurations, supported by analysis and visualization
tools. Nevertheless, the state of the art reviewed in this chapter shows that most existing
microservice ADLs remain oriented toward component description rather than architectural
structure. This approach constitutes the sharing of a common underlying model limiting
architecture description that is described in the next section.

These limitation show the unsatisfying state of Microservices ADL, answering the first
research question described in Section 1.2 and motivating the proposal for an alternative

model.



Chapter 4

A concern oriented architecture
description language for microservice

applications

Having established the shortcommings of existing ADLs in Chapter 3 we dedicate this
Chapter to first examplify those findings with well known use case. We then propose our
solution consisting in the extension of the microservice architecture description paradigm
with the Concern concept resulting in the COMSA language. We use literate programming

[57] to present the Concern concept as well as the constructions of the COMSA language.

4.1 MSA common metamodel shortcomings

4.1.1 Compose: a relevant example of the MSA common meta-

model

Figure 4.1 represents the identified tacitely accepted common model for existing microser-
vice ADLs and is a limiting factor in the gains induced by the adoption of MSA. Those
shortcomings are rooted in the base component for a microservice application description
that is the microservice itself.
The model represents a Microservice application that is composed of microservices. The
microservices are the base components of the system and the main first class citizen of the
language. Those microservices are composed of properties that can be of different natures
depending on the overarching aspects of software architecture the language focuses on.
The Compose specification[22] is a good example of the common MSA model. Tt
falls in the category of configuration languages for microservices and in particular
in the deployment configuration category. Although other entities than microser-
vices can be defined such as networks, or volumes, those are not necessary as they

can be defined directly in the microservices descriptions to obtain an equivalent
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Figure 4.1: MSA classical metamodel [70)]

description. The only required section is the "services" section that covers all the
configuration capabilities of the language and thus we are justified in considering that the

metamodel that underlies the Compose language strictly fits the one pictured in Figure 4.1.

It is to be noted that the properties that constitute a service description in Compose
are relative to deployment and resource allocation for a particular execution technology
that is the container technology. However the Compose properties are largely the same
or equivalent of those of other execution technologies such as virtual machines or simple
executables on a host.

In the same way, while some Compose concepts are relative to the natural execution
software target (i.e. Docker) they are either not central or particular instances of a more
general concept.

The most obvious contrary example would be the Kubernetes manifest language, who'’s
structured around technology specific concepts that while translatable have not equivalent
in other languages.

The high generality of the Compose language, its weak ties to a target execution
software and its established popularity through its yaml implementation make it a prime

candidate for investigating the common MSA model.

4.1.2 MSA common metamodel shortcomings through an exam-

ple: the Teastore application

The Teastore application [56] has been developed for benchmarking, testing and more
generally to demonstrate microservice architecture. It follows best practices on a minimal
example, has been referenced over than 100 times in scientific papers [100] and therefore

is an obvious choice to exemplify the consequences of adopting the common MSA
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metamodel for a microservice ADL.

Listing 4.1 is the Docker Compose file found in the Teastore repository. Considering
the services keyword (Line 2) as the application root, we can observe the adequacy
with the common metamodel schematized in Figure 4.1 having the microservices at the
application base level (Lines 3, 7, 13, 22, 29, 36, and 43). Their respective properties

can then be found under them.

4.1.3 Understandability

Lack of understandability is the first impression when looking at the file. The listing of
microservices does not provide any insight about the architecture of the application. In
the same way, the properties are simply listed under them in no particular order.

To make sense of the application expressed in Compose it is needed to rely mainly on the
custom names decided by the developers of the application. Most of them are explicit to
some degree, for instance the registry service can be immediately associated with a well
known and widely used technical service of the same name whose core function is to keep
track and inform microservices about other microservices addresses. In Docker Compose

files, the availability of such basic information relies only on the diligence of the developer.

Impossibility of associating properties listed in microservices related to other
microservices is a parallel phenomenon also clouding comprehension.
Among the properties that constitute the description of microservices in a language based
on the common metamodel, two groups can be distinguished. First are properties that
are architecturally attached to one and only one microservice. A clear example is the
image property such as image: descartesresearch/teastore-registry at Line 4 of
Listing 4.1. This property is distinct from any other microservice. Should it change, for
instance because the microservice image was migrated to another repository or because of
a version change, no other modification in the file would be needed, assuming that the
new target is accessible and equivalent system-wide. It is then a local decision.
The second group however are properties that while located in a given microservice descrip-
tion actually refer to another microservice. An obvious example is the REGISTRY HOST:
"registry" at Lines 19, 28, 35, 42 and 49 of Listing 4.1. The property being located
in the environment section of the microservices that contain it, understanding of how
containers function and of the role of a registry microservice, allow to infer that it refers
to the registry microservice, evidently being a hardcoding of its designated name for
online access to it. Modifying the value is not a local decision as it would necessitate
global adjustments, here the modification of the registry identifier, for the application to
function.
It is to be noted that this dichotomy is not deductible from the nature of the attributes.



0w NN

74 A concern oriented architecture description language for microservice applications

version: ’3°
services:
registry:

image: descartesresearch/teastore-registry

expose:
- "8080"
db:

image: descartesresearch/teastore-db

expose:
- N 3306 n
ports:
- "3306:3306"
persistence:

image: descartesresearch/teastore-persistence

expose:
= Il8080”

environment:
HOST_NAME: "persistence"
REGISTRY_HOST: "registry"
DB_HOST: "db"
DB_PORT: "3306"

auth:

image: descartesresearch/teastore-auth

expose:
—_ II8080II
environment:
HOST_NAME: "auth"
REGISTRY_HOST: "registry"
image:

image: descartesresearch/teastore-image

expose:
—_ "8080"
environment:
HOST_NAME: "image"
REGISTRY_HOST: "registry"
recommender :

image: descartesresearch/teastore-recommender

expose:
- "8080"
environment:
HOST_NAME: "recommender"
REGISTRY_HOST: "registry"
webui:

image: descartesresearch/teastore-webui

expose:
—_ II8080H
environment:
HOST_NAME: "webui"
REGISTRY_HOST: "registry"
ports:
- "8080:8080"

Listing 4.1: TeaStore’s Docker Compose file [19]




4.1 MSA common metamodel shortcomings 75

For instance an environment variable could also be a local decision. Here the environment
variable HOST_NAME located at Lines 19, 28, 34, 41 and 48 in Listing 4.1 do not imply

any other modification as a consequence.

Linked properties found in microservice architecture description files are often indicative

of communication patterns applications that can be extracted with thorough analysis,
coupled with a general understanding of the concepts upon which microservice execution
relies on and an extensive knowledge of the specific language used.
That realisation however highlights the fact that while the structure of the application is,
at least partly, contained in descriptive files of applications expressed in languages using
the common metamodel, its understanding is reserved to experts who need to
allocate considerable amount of time to extract the structure from the text
without guaranteeing complete or even correct results.

Explanatory documentation such as diagrams are then needed to avoid mistakes and
to communicate an high-level and simple view to other stakeholders. In [56] the Teastore

developers provided Figure 4.2 to give a simple architectural view of the application.

Registry

Image-
Provider

Figure 4.2: Teastore architecture diagram provided in the related article [56].

While it gives a quick and informative view of the application, it brings a number of
problems.
Firstly, it is a second document that accompanies the descriptive code. It requires time
at creation, but more importantly, it must be updated synchronically to the application
evolution. Factually architectural diagrams are not commonly found in application
repository, for instance the Teastore diagram is not present in the github repository of
the application.
Secondly there is no assurance that the diagram is correct or exhaustive. In Figure 4.2,
the db microservice that is listed in Listing 4.1 at Line 7 is not present. Looking at what

can be deduced from Listing 4.1, the diagram in Figure 4.3 can be produced. It includes
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the link missing in Figure 4.2 but misses other links particularly the link between the

frontend and the backend microservices.

Registry

Image-
Provider

Persistence

Figure 4.3: Teastore architecture extracted from Compose properties

4.1.4 Coherence and Redundancy

The high degree of redundancy is revealed by merely looking at the Compose file presented
in Listing 4.1 and is simply quantifiable.

The expose attribute is present and entirely identical in six out of seven microservices,
consisting of two lines it represent 23.5 percent of the file. The REGISTRY_HOST:
"registry" property that is part of the environment attribute of five out of seven
microservices is also a strict repetition and represents 9.8 percent of the file bringing the
total of strictly redundant properties to a third of the file.

But entirely repeated properties do not cover the total domain of redundancy. In
Listing 4.1, image, and HOST_NAME properties differ only in the microservice identifier
part. Those two properties make up for 27.45 percent of the file bringing the redundant
properties in the file to more that 60 percent of the file.

Even though we pointed out how it is not the case for the Compose language in
Section 4.1.3, the length of the file is not necessarily proportional to how easy it is to
understand. Additional writing could as well be obscuring the meaning as it could clarify
it, and describing the system in the most frugal way can either be straight to the point of
absolutely incomprehensible.

Because of that, from an architectural point of view, it makes sense to consider only the
microservice properties and not the specific way they are expressed in the particular

language we are using. Using that approach, Listing 4.1 contains 28 microservices
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properties. Keeping only one instance of the repeated properties, 19 of them, i.e., a third
of properties are redundant and thus possibly unnecessary if the language allowed for
factorisation. Listing 4.2 provides a view of Listing 4.1 with the possibly superfluous
properties greyed out.

The consequences of such a high degree of redundancy are well known. They include

notably error-proneness maintenance difficulties and hindering understandability.

As a symptom, redundancy also indicates a lack of coherence. REGISTRY_HOST:

"registry" is repeated 5 times Lines 19, 28, 35, 42 and 49 and as such must be
considered as 5 different properties as they configure 5 microservices independently.
Indeed modifying the value in one those lines do not affect the others.
For some properties the redundancy can be a deliberate choice as their value is not
determined by the architecture. The expose attribute for instance is highly redundant
in Listing 4.1 but its value could be different for each microservice. We note that its
factorisation could also be a sensible architectural choice to indicate a policy of having
the same exposed port, materialized as the same property value, for all the microservices.
However, this is not the case for the REGISTRY_HOST: "registry" property that is
indicative of a microservice being part of a service registry pattern and having the
identifier of the registry service fixed to allow for communication. That value is necessarily
the same for all the microservices that belong to this pattern, it is thus a unique property
that is shared by the microservices which in Listing 4.1 is split in multiple properties only
as a consequence of the language limitation.

The absence of composite construction in the common metamodel is what makes the
language structurally incapable of handling shared properties. Since every microservice
has to be defined in only one place, it is completely distinct from the others.

Expressing interdependence requires a specific syntactical construct which is the proposi-

tion we will make in the next section.
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version: ’3’
services:
registry:
image: descartesresearch/teastore-registry
expose:
— "8080"
db:
image: descartesresearch/teastore-db
expose:
- I|3306ll
ports:
- "3306:3306"
persistence:
image: descartesresearch/teastore-persistence
expose:
= II8080II
environment:
HOST_NAME: "persistence"
REGISTRY_HOST: "registry"
DB_HOST: "db"
DB_PORT: "3306"
auth:
image: descartesresearch/teastore-auth
expose:
— II8080"
environment:
HOST_NAME: "auth"
REGISTRY_HOST: "registry"
image:
image: descartesresearch/teastore-image
expose:
— II8080H
environment:
HOST_NAME: "image"
REGISTRY_HOST: "registry"
recommender:
image: descartesresearch/teastore-recommender
expose:
— II8080II
environment:
HOST_NAME: "recommender"
REGISTRY_HOST: "registry"
webui:
image: descartesresearch/teastore-webui
expose:
= II8080II
environment:
HOST_NAME: "webui"
REGISTRY_HOST: "registry"
ports:
- "8080:8080"

Listing 4.2: TeaStore’s Docker Compose file with redundant properties grayed out
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4.2 The Concern Concept

4.2.1 The need of a new model: Syntactical approach

Sharing a single property among multiple microservices requires an additional element
in the metamodel for describing microservice architecture. As shown in Figure 4.4 the
proposed model for an ADL allowing shared properties rely on a structure, named
Concern here, that puts in relation sets of microservices with sets of properties. In that

design microservices are defined partially in each Concern.

Application

1..n

Concern Microservice

1.m 1.m Property

[Microservice set] [ Property set ]

Figure 4.4: The concern-based metamodel for microservices ADLs.
In white the elements added to the common metamodel for microservices ADLs.

The new model is legacy-compatible as it offers the possibility to declare individual
microservices without them being part of a concern. It is preferable as encapsulating
properties of a concern that are not share with any other microservice would be
superfluous and hinder writing as well as understandability. It also provides the users
with the ability to use the concern concept at their convenience, not imposing the feature

on them.

The two models are ultimately functionally equivalent. The Concern concept is
abstract in the sense that it does not translate in an executable element, merging the
different concerns produces a description matching the common model. As files describing
microservice applications architecture are declarative the order of microservice and
properties in the produced recomposition is inconsequential and thus any recomposition

from the proposed model to the common model is equivalent.

Applied to the REGISTRY_HOST: "registry" property, that is part of the list
environment attribute of services persistence, auth, image, recommender and webui in

Listing 4.1, it produces an equivalent description as shown in Listing 4.3.
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new Concern {

services{
[Set("persistence", "auth", "image", "recommender", "webui")]{
environment{ ["REGISTRY_HOST"] = "registry" }
}
}

}

Listing 4.3: Shared property expressed with the concern concept.

At Line 1 a new Concern is declared. The services Concern attribute at Line2
contains the relation between sets of microservices and sets of properties. The relation
is materialized in the example as a map where the keys are sets of microservices and
the values sets of properties. The map contains a single pair with a set of microservices
declared at Line 3 attached to a set containing a single property defined at Line 4.

The syntax of COMSA, the language we propose in this thesis, an therefore examples such
as Listing 4.3, illustrating the Concern concept in a concrete syntax, are based on the Pkl
syntax. Pkl [79] is a recent programming language developed by Apple aimed at configu-

ration which blends aspects of Object Oriented Programming and functional programming.

Most of the aforementioned issues have been addressed. There is no more redundancy
and the property is shared among multiple microservices in an evident manner that allows
the reader to immediately understand the relation.

Modifying the value, would affect all the microservices located in the key part of the
relation which makes the maintainability easy and much more resilient to error since it is

not possible to overlook a microservice.

Architecturally the solution is still unsatisfactory as while it indicates correctly the
link of multiple microservices to a number of properties, it does not express the structure
of the application. Doing so requires to expand on the meaning of the Concern concept
in a way that allows developers to not only capture the functional architecture of an

application but also to express their intent and decisions when designing the system.

4.2.2 The adequate semantic approach: Concern
Definition of the Concept of Concern

While it is widely used in software development, the concept of "concern" does not have a
clear definition. Tarr and Osser give a fitting description of that situation: "’Concern’ is a
concept of which most software engineers have an intuitive grasp, but no precise definition.
This is largely because there is such a variety of concerns of interest" [96]. A concern is
then something defined through its "relevance to a particular stakeholder' [47] and then,

identifying that concern and which parts of a system are relevant is done, as Dijkstra




4.2 The Concern Concept 81

puts it,by "focussing one’s attention upon some aspect". Once the aspect is identified the
concern is "a predicate on units that indicates whether or not a given unit pertains to
that concern'[96].

But if the concept of concern seems too large so that its particular instance could be
encapsulated in a definition, [47] gives an interested perspective on the domain it covers
as it considers ultimately a concern as a matter of relevance relatively to the "subject
of an architecture description". Then a concern is essentially a particular view on an
architecture.

To give an idea of the broadness of what can fall under that definition in a microservice
context, we can first think of common matter such as logging, security, scalability,
maintainability, monitoring or design patterns. But then any of these large domain of
interest can contain more precise concerns. For instance, any design pattern such as
"registry pattern" or "single database per microservice' is in itself a concern, a point of view
on the system where the relevant elements are the microservices and their connections
participating to this particular design pattern.

Another concern of a different nature from the other listed before could be particular
naming conventions where the elements relevant to them are particular properties of
microservices or connectors on which the naming convention is applied.

Those are aspects of the architecture in the sense that they express "the fundamen-
tal concepts or properties" as well as "the governing principles for the realization and
evolution"[47] of the system.

The notion of concern was first explicitly formalized in the context of Aspect-Oriented
Programming (AOP). AOP was introduced to address the limitations of dominant de-
composition in programming languages by making cross-cutting concerns such as logging,
security, or transaction management explicit and modularizable. In this context, a concern
denotes a particular interest or responsibility that may span multiple program modules

and cannot be cleanly encapsulated using traditional abstraction mechanisms [55, 54].

Crosscutting concerns

General definition A cross-cutting concern is a concern that affects several components
of a system and intersects other concerns in some of them. The first phenomenon is called

"scattering', the second "tangling"[95].

Theoretical situation A program can have multiple functions that read and write
into files. We can then consider "reading' and "writing" as concerns of that program
with the functions being the components of the system. Since multiple functions read
and write into files, the concerns are scattered and since some functions do both of those
actions they are also tangled together. In other words, the "read" concern crosscuts the
"write" concern in some points and reciprocally. The "read" and "write" concerns are thus

crosscutting concerns.
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Scattering For a given concern, there are a number of components that participate
in a given system. If that number is strictly superior to one, the concern is said to be
scattered. The metric for quantifying the scattering of a concern or a system relies on
proportionality between the number of components affected by a concern and the total

number of components in a system[12].

Tangling For a given component, there are a number of concerns to which it is partici-
pating. If that number is strictly superior to one, the component is said to be tangled.
The metric for quantifying the tangling of a component or a system relies on proportion-
ality between the number of concerns affecting the component and the total number of

concerns|12].

Dominant decomposition Languages used to describe (or implement) a system is the
main determinant regarding the dominant concern around which the system is decomposed.
A language provides fundamental concepts that allow for certain - usually one - ways of
modularizing the system around the dominant concern. That has been called the "tyranny
of the dominant decomposition" [95] and has as a consequence to relegate others concerns
to sub-descriptions, thus producing scattering among and tangling in the components. For
instance, the description of a program through a language whose concepts allow for data
modularization would relegate code elements such as functions affecting data structures at
an inferior level of relevance producing their scattering among described data structures.
Reciprocally in a procedural programming language, references to data structures are
scattered among and tangled in procedural structures.

In the context of microservice architectures, architectural patterns such as service
discovery, dedicated databases, API gateways, or externalized configuration naturally
qualify as architectural cross-cutting concerns. These patterns define constraints, shared
properties, and interaction rules that apply to multiple microservices simultaneously,
independently of their business responsibilities. As such, they are scattered across
microservice descriptions and tangled with other architectural and technical concerns
when expressed using microservice-centric languages. Policies such as restart, logging or

monitoring policy qualify as architectural cross-cutting concerns for the same reasons.

Concerns applied to Microservices Applications

Microservices applications have specific cross-concerns. Some of them are largely im-
material such as team ownership of microservices and are not identifiable in code and
description files. Others are scattered among the microservice description and require
analysis to be exposed. The following Docker Compose code used to deploy the well

known TeaStore microservice application [56][20] is a good example of that phenomenon.
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4.2.3 Concerns Identification in the Teastore Application

The Teastore application provides a representative illustration of how classical microservice
architectural patterns manifest as cross-cutting concerns. Each identified pattern corre-
sponds to a distinct architectural decision whose realization spans several microservices
and whose expression is fragmented across the description file. The reason for the high
level of scattering in the description of microservices’ applications is a consequence of the
widely shared microservice application base metamodel where "each Application owns a
none-empty set of microservices. Each Microservice has a unique distinct identity msid
(e.g. registry) and owns a non-empty set of properties. Each Property has a unique
distinct name (e.g. image) and a value (e.g. descartesresearch/teastore-registry)"[70].
The system’s unit of decomposition being the microservices, each cross-cutting concern is

scattered among the microservices description blocks. In mirror of that, microservices

description blocks are subjects of a high level of tangling.

Examples of Concerns in Microservice architecture Listing 4.4 shows a variety
of cross-cutting concerns that are identifiable from the analysis of the properties of the
system. Others could be and are probably existent in the system but are not detectable
in the system description. Some cross-cutting concerns could be specific to a particular
application while others are frequently found in applications. Examples would be logging,
monitoring, security, fault-tolerance, naming conventions or design patterns.

Each of those concerns are rather large and can be developed into more specific concerns.
Design patterns, i.e. identified architectural solution, for instance are applied over all
areas of microservice application development. Because of that they appear as a good
starting point for cross-cutting concern identification.

The concern concept versatility makes it adequate to describe a microservice
application. The different points of view that can be taken are of different natures.
For instance, a naming template for a property can be as relevant to identify as a
communicational pattern.

Also, any single system can be described in a number of different manners. Pushed to
the extreme, each property can by itself be seen as a particular concern. The process of
grouping them to form meaningful concerns is not self evident and thus reconstructing
the intended architecture can prove a challenge.

In addition key informations could be hidden in files that are not necessarily accessible to
the reader and even when they are, looking for the relevant architectural informations is a
tedious and time consuming process. In Listing 4.1 only the name of the services and the
image attribute is necessarily expressed in the file as all the others could be located in the
services Dockerfile. The reader can then only rely on the arbitrary names decided by the
developers that can make sense to them without that being the case for another person.
That’s particularly obvious when considering the technology used for a microservice

which is a fairly natural and common choice for a microservice identifier. A specialised
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technology can be analogous to another relying on another, the name would differ and

the architectural function be lost for a reader lacking the appropriate knowledge.

An example of obscure role for a microservice is the persistence microservice in
Listing 4.1 at Line 15.
The persistence service acts as an intermediary between the database and the
microservices using it. The name that was chosen for it comes from a specific Java
technology named Jakarta Persistence whose main function is to be an Object Relational
Mapper, i.e., making the connection between objects in Object Oriented Programming
and corresponding data structures in relational databases.
The way this technology is used in the Teastore application is uncommon as the Jakarta
Persistence library is usually directly integrated into the Java code of the business
microservices using the database and not made an independent microservice. However it
is consistent with the microservice style as it provides better options in terms of future
technological freedom of choice than it being embedded in business code.
A first hindrance to architectural understanding is the choice of he name of the technology
for identifier instead of the architectural role of the microservice. In the same way, the db
microservice has an identifier that describes its function, distinguished from the particular
technology used to instanciate it, persistence has at best an unclear name.
A second problem lies in the properties only indicating the connection between the
persistence and db microservices. The DB_HOST: "db" property at Line 20 of
persistence points to the db service name at Line 7 and the DB_PORT: "3306"
property at Line 21 points to the expose: - "3306" property at Lines 9 and 10 of the
db service.
The exclusive relation between the microservices image and recommender to persistence
cannot be deduced from the properties and without a specific structure in the language

to describe it, parallel documents are needed such as the diagram in Figure 4.2.
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version: ’3’
services:
registry:

expose:
-"8080"
db:

expose:
- n 3306 n
ports:
- "3306:3306"

expose:
— "8080"

environment:
HOST_NAME: "persistence"
REGISTRY_HOST: "registry"
DB_HOST: "db"
DB_PORT: "3306"

expose:
— I|8080ll

environment:
HOST_NAME: "auth"
REGISTRY_HOST: "registry"

expose:
— "8080"

environment:
HOST_NAME: "image"
REGISTRY_HOST: "registry"

expose:
— "8080"

environment:
HOST_NAME: "recommender"
REGISTRY_HOST: "registry"

expose:
— "8080"
environment :
HOST_NAME: "webui"
REGISTRY_HOST: "registry"
ports:
-"8080:8080"

Listing 4.4: TeaStore’s Concerns highlighted in the Compose file

B Technical Services Business Services

B Registry Pattern B Single Database Pattern
B Open Ports Image Naming Pattern
B Language Specific (not a concern)
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Such uncertainties make difficult after the fact concern attribution, but reasonable,
and most importantly, correct decisions can be made based on static analysis and
sometimes with the help of additional informations.

Listing 4.4 shows concern division of the file in Listing 4.1 file through coloring the

different properties.

Distinguishing technical from business services is central in architectural description
although it is not an always a clear-cut choice since technical microservices often include
some business aspects and vice versa. The choice to consider registry and db as
technical services whereas the others are considered business services comes from the fact
that they are to only two to which related properties can be identified outside their own

description.

Service registry pattern is an architectural cross-cutting concern that can be identified
through multiple properties scattered among microservices in the Teastore application.
In the environment attribute of persistence, auth, image, recommender and webui we
can identify the central properties being part of service registry pattern.

HOST_NAME : associated with the service identifier (Lines 18, 27, 34, 41 and 48 of
Listing 4.4) is designed to transmit the microservice identifier to the registry service.
It is to be noted that here again there is an inconsistency as the service identifier is
hard-coded and is at risk of being erroneous because a typographical error. The better
option would be to indicate that the value is the service identifier but YAML, the concrete
syntax used for Compose in this example offers no means to do so.

REGISTRY_HOST: "registry" (Lines 18, 27, 34, 41 and 48 of Listing /.4 ) is the identifier
of the registry service being hard-coded in the environment variables of microservices
belonging to the pattern. It is used as a means of connection to the registry service and
ultimately to the other connected microservices. The remark made about the HOST _NAME
property is also relevant here as regarding consistency, error avoidance and maintainability
it would be preferable to indicate the relation between the identifier and the environment
variable value.

The expose: -"8080" property is not as obviously part of the service registry pattern.
However it indicates a point of connection shared by all the microservices belonging to
the pattern that permits communication which justifies the decision of including it to the
concern.

Aside from pointing out the properties related to the service registry pattern in Listing 4.4
offers by contrast an important insight which is that the db service is not part of it.

A dedicated database is a database that is used by a single microservice. It follows
a microservice architectural pattern named 'Single Database per Service' [68]. It is
considered a good practice as it keeps microservices independent [73] [77] but, while

largely adopted, its usage implies a tradeoff between indepedence and data consistency
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[60].

Through static analysis we, can identify that db is only connected to persistence. db
exposes a different port to the application network than the other microservices signified
through the property exposes: -"3306". persistence is the only microservice
connecting to it through the properties DB_HOST: "db" and DB_PORT: "3306" contained

in its environment attribute.

Entry points identification is not a structural pattern but a accessibility and security
concern of importance.
Having the open ports scattered among the application is a risk of overlooking and thus
risking giving a mean of entry to a malevolent actor. This is the case here with the
properties ports: - "3306:3306" being tangled with other properties of db at Lines
11 and 12 and ports: - "8080:8080" at the very end of the file at (Lines 50 and 51)

in webui description.

Naming patterns don’t have an effect on the behavior of the application. However they

impact maintainability and understanding by systematizing how to write and analyse the
description. To the difference of property values contrained by their intrinsic significa-
tion, the naming patterns apply to properties whose values are determined through the
judiciousness of the developer. The ability to factorize is also one of the pros of naming
patterns.
In Listing 4.4, we can identify a consistent naming pattern as the image attribute at Lines
4, 8, 14, 23, 30, 37 and 44 has a value of descartesresearch/teastore- concatenated
with the service identifier. Unfortunately, the Compose language as it follows the common
metamodel is unable to to represent this commonality between the different values that
can be considered as a shared value that is actually a function parametrised by the
service identifier. A consequence of that inability is populating the description file with
redundancy, hindering understandability, maintainability and increasing the risk of error.
Electing the image naming pattern as a structuring concern is an example of a choice made
in the presentation of the application. In Listing 4.4, the image property of registry
and db could have easily been integrated into the concerns representing the architectural
patterns they are at the center of.

Scattering of the identified concerns is significant. The Single Database and Open
Ports concerns are the least spread, each of them reaching 2 out of 7 microservices.
On the other end, the Image Naming concerns is maximally spread out with all seven
microservices pertaining to it. The Registry Pattern concern contains six out of seven

microservice leaving only the db microservice being not part of it.

Important missing concerns are to be considered. The web frontend concern observable

in the diagram in Figure 4.2 is of importance as it indicates the way the application is
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meant to be used and the communicational structure of the application from a business
point of view. Also the limited sharing of persistence is not expressible through

the properties but is significant to the understanding of how the persistent data is managed.

This perspective shows how the Concern abstraction which is the cornerstone of
COMSA as the fundamental first-class architectural construct specifically designed to
capture microservice architectural patterns and policies as explicit, modular, and reusable

cross-cutting concerns.

4.3 Concrete Syntax

4.3.1 Fundamental properties of the Language and implementa-

tion needs

The implementation of COMSA relies on a limited set of necessary concepts that define
the scope and expressive power of the language. The Concern is the main addition in
terms of first-class architectural element, as it captures architectural decisions that span
multiple microservices. Microservices themselves remain first-class citizens of the language,
primarily to ensure retrocompatibility with the common microservice ADL model and to
allow partial or concern-independent service descriptions.

The model also requires explicit notions of collections, in particular lists and sets, as
concerns are defined through relations between sets of microservices and sets of properties.
In addition, the ability to assign functions to properties, at least parameterized by the
microservice identifier, is necessary to express a large class of concerns in a concise and
semantically meaningful way, such as naming patterns or derived configuration values.

Architectural constraints are at time of writing tied to Concerns definition. A few are
already implemented, adding others would require modifications to the COMSA module
and are not directly expressible in description files. Constraint verification is delegated
to dedicated analysis tool described in Appendices B.2.1 B.2.2. Finally, the language
allows the definition of behavioral rules associated with architectural patterns, enabling

the derivation of implicit properties from the use of design patterns expressed as concerns.

4.3.2 Rationale for the choice of Pkl

The concrete syntax of COMSA is based on the Pkl language[79]. The choice of Pkl
is motivated by its positioning as a configuration language that combines a declarative
nature with the expressiveness of a general-purpose programming language. Pkl has been
designed specifically to define configuration formats while providing an interpreter capable
of evaluating non-literal values, functions, and compositions, which makes it particularly

suited for architecture description. This combination makes it possible to define concise
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and readable architecture description files, usable as configuration files, while retaining
strong abstraction and reuse mechanisms. In particular, the object-oriented aspects of
Pkl provide a structurally sound basis to implement extensible metamodels. COMSA is
implemented as an extension to the Pkl language. The inheritance mechanism allows
COMSA to introduce the Concern concept as a new architectural abstraction while reusing
and extending existing structures. This design choice makes it possible to define libraries
of reusable concerns in a natural and type-consistent manner. The Compose model has
been chosen as the basis for describing microservice properties. Although Compose is
commonly associated with container-based deployment, its service description model
provides a large set of properties that are largely technology-agnostic and correspond to
widely shared microservice concepts. This makes it a suitable intermediate representation,
facilitating compilation toward existing execution technologies while remaining sufficiently

abstract to allow for any compilation target.

4.3.3 Teastore expressed with the concern concept

Reorganising the file through concerns in accordance to the concern model illustrated
in Figure 4.4 removes both scattering and tangling and produces benefits in terms of
understanding, coherence, maintanability and error avoidance. That can be seen throught
the Teastore example, rewriting the application description using the concern concept

and the concerns we have identified in Listing 4.4.

// Registry global settings

const REGISTRY = "registry"

const REGISTRY_PORT = "8080"

// Database global settings

const DB = "db"

const DB_PORT = "3306"

const BusinessServices = Set("persistence", "auth", "image", "recommender", "
webui")

const TechnicalServices = Set(REGISTRY, DB)

const AllServices = BusinessServices + TechnicalServices

function publish(port: String): String = "\(port):\(port)"

version = "3"

Listing 4.5: Teastore expressed in concerns (partl)

Global variables and significant sets of microservices can be isolated from the rest of
the file as shown in Listing 4.5.
The concrete syntax is based on the Pkl syntax upon which a dedicated module has been
developed. The keywords that belong to Pkl are highlighted with the same color.
Through Lines 1 to 6 of Listing 4.5, two kinds of variable are defined. At Lines 3 and 6,

ports values are encapsulated into variables. More interestingly, at Lines 4 and 7, the
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identifiers of respectively registry and db are encapsulated into variables. An interesting
opportunity given by Pkl is that those identifiers will be usable to define properties of
those services as well as in other services properties to refer to them.

Sets of services can be defined to identify relevant groups. In accordance to the useful
distinction between business and technical services, corresponding sets of identifiers are
established through constants BusinessServices at Line 8§ and TechnicalServices at
Line 9, the latter containing the constants to which registry and db have been assigned.
As this division is exhaustive relatively to the services constituting an application, their
union is used to set the Al1Services variable at Line 12 for clarity.

Finally, using the possibilities offered by Pkl, the underlying descriptive language that is
also a programming language, a function named publish is declared at Line 14 only for
easiness of writing, avoiding repetition and in some way clarifying the effect of the port

compose attribute.

concerns {
// Technical Patterns
["Service Registry Pattern"]
= new Concern{
services {
[BusinessServices] {
environment {
["REGISTRY _HOST"] = REGISTRY
["HOST_NAME"] = module.SID
}
}
[BusinessServices.add (REGISTRY)] {
expose { REGISTRY_PORT }
}

Listing 4.6: Teastore expressed in concerns (part2)

The registry pattern is expressed in Listing 4.6 using only the concern concept.

The beginning of the application description is signaled at Line 15 with the concerns
keyword that is specific to the COMSA module. It is a Mapping, a data structure
specific to Pkl analoguous to a map, i.e., a set of key-value couples, and the core of the
concern-based application description.

In Listing 4.6, ["Service Registry Pattern"] at Line 17 is the identifier of the
Registry pattern with the concern object description being located between Lines 18 and
30. The Pkl keyword new is used to declare the Concern object at Line 18. The main
section of a concern describes a relation between sets of services and sets of properties
assigned to them. That relation is located in the services attribute of the Concern
object beginning at Line 19 in the form of a Mapping where keys are sets of microservices
and values are partial Compose services whose properties are attributed to all of the

microservices of the key set.
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The first services-properties relations is located between Lines 20 and 25. At Line
20, the designated set of microservices is BusinessServices that has previously been
defined at Line 8 of Listing 4.5. The environment Compose service attribute is
modified for that all the services in the service set with two properties added to it. At
Line 22, ["REGISTRY HOST"] = REGISTRY combines the property scattered among five
microservices in Listing 4.1 making it effectively one property. The environment property
is set with the REGISTRY variable defined at Line 2 of Listing 4.5.

At Line 23 the ["HOST NAME"] = module.SID sets the environment variable of each
of the microservices in BusinessServices with its own identifier in the application
description file. To the difference of the previous property, it does not factorize multiple
identical properties but expresses an implicit relation in Listing 4.1.

Those two properties are the heart of the Service Registry Pattern as they permit the
communication between microservices to happen. However as the expose attribute
documents the internal communication port for all microservices in the application we
made the choice of including in the Service Registry Pattern with it being set at Line 27.
As this property is also shared by the registry microservice, it is added to the associated
microservice set at Line 26 with using the Pkl add set method. In accordance with the
functional and declarative nature of pkl, BusinessServices is not modified, instead a
new set containing the elements of BusinessServices and the value of the REGISTRY
variable, i.e., the registry identifier, is returned.

In summary, the Registry Pattern expressed through a concern is a prime example
of how the concern concept permits architectural clarity and that while adding new
language entities it actually diminishes the number of properties in a description.
This description is nonetheless equivalent but more coherent, and has removed all

scattering of the concern in the file making it more easily maintainable and less error prone.

["Database Per Service Pattern"]
= new Concern {
services {
[DB] {
expose {DB_PORT}

["persistence"] {
environment {
["DB_HOST"]
["DB_PORT"]
}
}
}

DB
DB_PORT

}

Listing 4.7: Teastore expressed in concerns (part 3)

The Dedicated Database pattern presented in Listing 4.7 is the second concern

expressed in the file. To the difference of the Service Registry pattern in Listing 4.6, it
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does not factorize identical properties of Listing 4.1 but serves only for clarity in the
description of the architecture. For ease of usage, it is possible to use single microservices
identifiers as key in the mapping as shown in Lines 34 and 37.

This concern encapsulates the database pattern with clarity and removes the scattering

that clouded its delimitations an pertaining properties in Listing 4.1.

// Naming Patterns
["Image Template"]
= new Concern {

services {
[AllServices] { image = "descartesresearch/teastore-" + module.SID }

}
¥

Listing 4.8: Teastore expressed in concerns (part 4)

The image naming pattern that is scattered among all microservices in Listing 4.4 is
captured in a single concern and property wise in the sole Line 49 of Listing 4.8.
The total commonality of the property is expressed through the Al1Service identifier
defined for ease and clarity in Listing 4.5. The associated property set contains only the
image template expressed as a function whose return value is the concatenation of a

shared prefix and the service identifier.

// Security
["Public Ports"]
= new Concern {
services {
[Ildbn] {
ports {
publish(DB_PORT)
}
}
["webui"] {
ports {
publish (REGISTRY_PORT)

Listing 4.9: Teastore expressed in concerns (part 5)

Identifying publicly exposed ports can be seen as the most obvious concerns when
thinking about security. The ports attribute that indicates the entry points is nonetheless
mixed up with all other properties in Listing 4.1. In particular the more frequent, less
significant and closely looking expose attribute makes it difficult to spot all of the open

ports in the application.
The "Public Ports" concern presented in Listing 4.9 emphasize the entry points by
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groupings relevant services and ports in the same code block.

// Patterns without related properties
["Web Frontend"]
= new Concern {
services {
["webui"]l{}
[Set("persistence", "auth", "image", "recommender")] {}

}

"Shared Service'"]
new Concern {
services {
["persistence"]{}
[Set("image", "recommender", "auth")]{}

[ e R

}
¥

Listing 4.10: Teastore expressed in concerns (part 6)

Invisible architectural patterns are those have no related properties in the application
description. Figure 4.2, which is documentation provided by the application developers,
indicates two sets of connections between microservices that are not detectable through
analysis of Listing 4.1.

The first one is the relation between the frontend of the application, webui and the other
business services. The second one is the sharing of the persistence service between
image, recommender and auth that ultimately indicates the use of the database.

The Concern concept allows for expression of patterns empty of all properties. In that
case, it only serves as architectural information and permits to not rely on external

documentation.

Concern based expression of the Teastore application has entirely removed property
scattering and service tangling. The factoring of identical properties made the number of
properties needed to describe the architecture less than a third of what it was in the
original file, going from 28 to 9. The concern based description remains equivalent to
the one following the common model and does not factorize with the intent of being
economical in its expression but to increase coherence and highlight the patterns lying in
the application. Through the usage of the Concern, we have shown that it is possible to
express any kind of concerns as long as it materialize in the form of sets of microservices
linked to sets of properties which are the substance of any description.

However that unconstrained field of expression is limited in terms of standardisation and
thus makes the identification of concerns difficult though multiple applications. To that
effect it is desirable to establish a library of reusable concerns to provide architectural
guidelines and standardize the descriptions of microservices applications to which we

dedicate the next chapter.
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4.3.4 Implementation: File Structure and Concern Class

The concrete syntax of the COMSA model presented in this thesis is encoded with the Pkl
language, which provides a declarative format for the end user as done with the teastore
application in Section 4.3.3. The declared application architecture is then processed using
the structures declared in the COMSA module through the Pkl program which definitely
determines the non litteral values of variables. Ultimately the resolved system can be
rendered in the Pkl syntax or converted to other formats such as YAML or JSON.

open module comsa
extends "./compose.pkl"
//...

concerns: Mapping<String, Concern>?

Listing 4.11: concerns module property in the comsa module (simplified)

The comsa module is actually an extension of the compose module as shown at
Line 2 of Listing 4.11. The motivation for choosing the compose representation of
microservices is that even though it assumes an underlying container technology, most
of the attributes are not specific to it. They appear as a limited extension of a general
concept of independent processes whose inputs and outputs are connected to a network

which is the mainstream characterization of microservices and the one we have adopted.

The structure of comsa files is described at Line 4, declaring a module property named
concerns that is a Mapping of Strings to Concern. The question mark sign, 7, indicates
that concerns can be null, which is equivalent to being empty. As the COMSA model is
an extension of the common model (see Listing 4.1) of microservice ADLs, and in the
present concrete syntax of the Compose language, microservices can be declared outside
of concerns. The module property services shown in Listing 4.12 imported from the

compose module can be used to that effect.

services: Mapping<String, Service>?

Listing 4.12: services module property in the compose module (simplified)

The object oriented aspect of Pkl provides the ability to declare classes as illustrated
in Listing 4.13 with the Concern class. The core of the Concern class lies in the class
property services. It captures the relations between Collections (either Set or List)
of services Identifiers (Id), that are Strings constrained by a regular expression, and a
Service that act as a partial description of the associated microservices. For ease of use

the Mapping keys can also be a single Id but are ultimately treated as a Collection
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containing a single element.

open class Concern {
services: Mapping<Id|Collection<Id>, Service>?
//...

}

Listing 4.13: Concern class in comsa module (simplified)

The definition similarity between the Concern class property services and the
compose module property of the same name is only syntactic. While they both associates
Service objects, that as shown in Listing 4.14 are a Pkl implementation of Compose
services, to service identifiers, the semantical implications are very different. On one
hand, the Compose association between identifier and properties implies, respectfully
to the common model, and functionally by using a single Mapping, that each service is
defined exhaustively in a single place, with very limited contingent exceptions. On the
other hand, the Concern class property spreads the definitions in the different instances
of the Concern class, allowing for a distributed definition that are meant to be unified at

compile time.

open class Service {
/...
image: String?
/...
environment: ListOrDict?
//...
ports: Listing<Number|String>?
//...
}

services: Mapping<String, Service>?

Listing 4.14: Service class in the compose module (simplified)







Chapter 5

Library of Concerns for microservice

applications

Having presented the Concern concept and construction as the basis of the COMSA
language, we dedicate this chapter to the establishment of a library of specific reusable
Concerns. Through them we provide ready to use architectural types making the ap-
plications architecture explicit by design. We also introduce a fundamental distinction
between property centric concerns and service centric concerns. The later type allows us
to simplify the applications descriptions as some properties can be deduced from the use

of particular concerns and can be therefore made implicit.

5.1 The need for a concern library

We have established through the Teastore application example that the use of the concern
concept can greatly reduce the proliferation of properties in a file by of having the system
"dominant decomposition” [95] on concerns instead of microservices .
Through that approach property instances are reduced to their minimum, that is, one.
Also the unification of different properties around a designated common concern not only
increases the architectural structure of the system description but actually provides a
lacking one by focusing "on the high-level structure of the overall application rather than
the implementation details of any specific source module” [medvidovic2000] which was
the state of microservices ADLs. Microservices and properties are not discarded but
subordonnated in the description to the architecture of the system.
From an architect point of view, the concern concept allows to express its vision of the
application without being constrained by the predefined categories of the language. That
freedom permits to have application-specific point of views by not being limited by built-in
structures of the language.

However the absence of specific predefined reusable concerns makes it harder to

express the commonly found concerns that are, by definition, the basis of most of existing
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applications.

For instance, Listing 4.6 instanciates the Service Registry pattern that, while not being
an absolute necessity for a microservice application, is so central to the majority of them
that it is exists de facto in Docker-hosted application through Docker Networks[24]
allowing microservices to communicate seemlessly using only microservices identifiers.
While the patterns are well captured in Listing 4.5 to Listing 4.10, their identification to a
reader depends greatly on the naming choice of the developer since they are all Concern

objects.

Microservices roles in concerns are also not made explicit by design. In Listing 4.7,
the distinction between the database and the client service is made clear contingently by
the custom names decided by the developer, which is a gamble relatively to the reader
understanding and an unnecessary workload.

Finally properties essential to a pattern could be made implicit with specified patterns,
which would at a minimum reduce the amount of properties in a file or inject missing but
desirable properties. For instance in Listing 4.10, the gateway pattern does not have any
properties. However we understand that in a deployment the public entrypoint of the
application is meant to be deployed last to not provide an unstable experience to the user.

Such properties could be automatically derived from a specific pattern.

5.2 Revisiting the Teastore Example

Listing 5.1 modifies the concerns section given in Section 4.3.3 by using specified concern
classes. While the description is largely similar to the previous version notable differences

can be spotted.

Specialized Concerns objects are declared for each identified concern (Lines 3, 19,
33, 38, 45, 50), which makes the identification of the concerns nature not dependant on

the concerns identifiers. Among the concerns, we can differentiate two sets:

« Property Centric Concerns: The concerns ImageConcern (Line 33) and
PublicPortsConcerns (Line 38) define the values of a service property in a central-
ized manner. That is particularly true of the PublicPortsConcerns that merely
act as a gatherer of identifier-value associations to highlight a particularly critical
aspect of the application, here being the entry points of the application for external
agents.

The ImageConcern however contains more than a signal for attention but captures
the common repository and naming pattern of all the services of the application
in their image form. To that effect it possesses the image class specific related
property that can either contain a literal value or, as it it the case here, a function

parametrized by the service identifier.
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The sids class property is conceptually more impactful as it traverses most
Concern derived classes. It captures the identifiers of services to which the properties

are to be affected to, conveniently distinguishing the two for clarity.

« Service Centric Concerns: The patterns ServiceRegistryPattern (Line
3), DatabasePerServicePattern (Line 19), ApiGatewayPattern (Line 45) and
SharedPattern (Line 50) are structured around a microservice that gives its name

to the pattern and determines its function.

The msid class property at Lines 4, 20, 46 and 51 is destined to receive the
identifier of the central service and distinguish it from the services encompassed in
the pattern, which identifiers are contained in the sids attribute.

The msid and sids class properties are associated to the optional service_template
(Lines 6 and 25) and main_template (Line 22) class properties that are Pkl

Compose Service objects acting as templates for partial definition of the services.

Since all of those classes derive directly or indirectly from the Concern class, supple-
mentary properties that appear to be attachable to the concern can still be added to the

declaration through the services class property (Lines 12-15).
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concerns {
["Registry"]
= new ServiceRegistryPattern {
msid = "registry"
5 sids = BusinessServices
6 service_template {
7 environment {
8 ["REGISTRY_HOST"] = msid
9 ["HOST_NAME"] = module.SID
10 }
11 }
12 services {
13 [BusinessServices + Set("registry")] {
14 expose { REGISTRY_PORT }
15 }
16 }
17 }
18 ["Database Per Service Pattern"]
19 = new DatabasePerServicePattern {
20 msid = "db"
sid = "persistence"
main_service_template {
expose { DB_PORT }
}
service_template {
environment {
["DB_HOST"]
["DB_PORT"]
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["DescartesresearchTeastore Images"]
= new ImageConcern {
sids = BusinessServices + Set('"registry", "db")
image = "descartesresearch/teastore" + module.SID

dOR » L R O ©

}
["Public Ports"]
= new PublicPortsConcern {
ports {
["db"] { publish(DB_PORT) }
["webui"] { publish(REGISTRY_PORT) }

A A W oW W W
= o © ® 3 &

42 }

43 }

44 ["WebUI"]

45 = new ApiGatewayPattern {

46 msid = "webui"

17 sids = Set("persistence", "auth", "image", "recommender")
18 }

["Persistence"]
= new SharedService {
msid = "persistence"
sids = Set("image", "recommender", "auth")

}

[
© = O ©

he

-

Listing 5.1: Teastore with concern library

Using the topology tool described in Section B.3.1 we can produce the graph in
Figure 5.1 using only its COMSA descrtion presented in Listing 5.1. The topology of the
application is represented with the same graph by the Teastore developers and shown in
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Figure 4.2 adding architecture information but distinguishing patterns and indicating open
ports. The more important point is that it is entirely contained in the COMSA description
showing the ability of the language to accurately describe the intended architecture.
Through usage of a concern-based language we then have a single reference for deployment

and architecture description, text-based or graphical leaving no room for inconsistencies.

3306:3306

recommender

Bl ApiGatewayPattern HE DatabasePerServicePattern
SharedService EEm ServiceRegistryPattern

Figure 5.1: Topology of the Teastore application generated from its COMSA description.

5.3 Concern Library Architecture

In accordance to the reasons given in Section 5.1, we have established a Concern library.
As shown in Figure 5.2, all classes derive from the Concern class.

The ClusterConcern and ServiceCentricConcern classes, along with their derived
classes, serve as general purpose classes representing patterns that are either not imple-
mented in the library or specific to a particular application. A ClusterConcern indicates
a group of microservices whose grouping is relevant in representing the application online
mechanism. The ServiceCentricConcern has the same signification but adds a distinc-
tion between a particular service, central to the pattern, and the others that belong to

the pattern by their connection to the central service.
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

SharedService

Concern

ClusterConcern H TemplatedClusterConcern

Figure 5.2: Classes derived from the Concern class.
Concrete classes are green, abstract classes are grey.

5.3.1 PropertyCentricConcern

Properties shared among a large number of services are frequent in application descriptions.
It usually represent, an architectural decision that can be of different nature such as a nam-
ing pattern, a common attribution, or system-wide policy. Those concerns are highlighted
and factorized by Concern objects whose type derived from the PropertyCentricConcern
class that are graphically presented in Figure 5.3. Property centric concerns are of the
smallest granularity for a concern as they define only one property for a set of services. To
the difference of service centric concerns, their architectural relevance is not guaranteed
by the simple fact that they are usable or even have an important factorizing effect. To
be used appropriately, they must capture an architectural decision that is fully contained
in a single property.

The sids class property introduced by the PropertyCentricConcern class, is central
to all the property centric classes as it designates the services to which the property
is assigned. In relation to the sids property, the property centric concerns possess a
property to set the value defining the concern. For instance, the ImageConcern that is
used to define the value of the image attribute of designated services has a mandatory

class property of the same name as shown in Listing 5.2.

["image_concern_example"]
= new ImageConcern {
sids = Set("service_1", "service_2")
image = "image_location"

¥

Listing 5.2: ImageConcern example

Functions parametrized by the service identifier can be used to define any property
using module.SID. They are particularly useful for property centric concerns as Listing 5.3

shows.
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— SinglePropertyCentricConcern

LoggingConcern
VolumesConcern
HostnameConcern
EntrypointConcern
ImageConcern — PrefixedImages
BuildConcern 1 MappedBuilds
EnvironmentConcern
ContainerNameConcern
Restart AlwaysConcern
RestartConcern
RestartOnFailureConcern
DeployConcern t— DeployResourcesLimitsMemoryConcern

CapDropConcern

CapAddConcern

ReadOnlyConcern

TmpfsConcern

ExposeConcern

CommandConcern

HealthcheckConcern

SharedNetworkConcern

PublicPortsConcern

Figure 5.3: Classes derived from the PropertyCentricConcern class.
Concrete classes are green, abstract classes are grey.
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1 | ["image_concern_example"]

2 = new ImageConcern {

3 sids = Set("service_1", "service_2")

4 image = "image_repository/" + module.SID
s ¥

Listing 5.3: ImageConcern example with function

5.3.2 MicroserviceArchitecturePattern

Identified microservice patterns are by definition insightful and practical. In COMSA,
they are derived from the MicroserviceArchitecturePattern class and grouped around
intermediate classes distinguishing large area of interest. Figure 5.4 gives an overview of

the patterns implemented in the library.

4{ Aggregator

4{ SharedDatabasePattern ‘
[ —— 4{ DatabasePerServicePattern ‘

! QueringPattern H CQRS_ Pattern ‘

— SecurityPattern —{ AccessTokenPattern ‘
————————————————————————————— 4{ Distributed TracingPattern ‘
— ObservabilityPattern 164{ LogAggregationPattern ‘

4{ ApplicationMetricsPattern ‘

% DiscoveryPattern H ServiceRegistryPattern ‘

4{ ProxyServerPattern ‘

% ExternalApiPattern H ApiGatewayPattern

Figure 5.4: Classes derived from the MicroserviceArchitecturePattern class.
Concrete classes are green, abstract classes are grey.
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A large majority of microservice architectural patterns are centered around a particular
service that carries the technical aspect of the pattern. The msid class property captures
the identifier of this specific service. A distinct group of services are related to it as they per-
tain to the pattern and are captured in a set assigned as a value to the sids class property.
The patterns usually encompass a number of properties that are either specific to the main
service or the related services. To capture them, the MicroserviceArchitecturePattern
introduces respectively the main service and service class properties. Listing 5.4 il-
lustrates a declaration of one of the most common patterns, service regitry, through the

declaration of ServiceRegistryPattern concern.

["Registry"]
= new ServiceRegistryPattern {

msid = "registry_service"
sids = Set("service_1", "service_2", "service_3")
main_service {

image = "image_location_of_the_registry"

expose = 1234

service {
image = "image_location_of_the_services"
environment{

["REGISTRY PORT"] = 1234
}
}
services {
["service 1"] {
port = "80:80"

Listing 5.4: ServiceRegistryPattern example

As shown at line 17 of Listing 5.4, the services property class is inherited from the
Concern class and can be used to define properties for subsets of services contained in
sids. Here we can think of service 1 as the web frontend of the application whose

public port is defined in the concern.

5.3.3 Service Centric vs Property Centric Concerns

The dichotomy between property and service centric concern is universal
according to our observations. Whatever the aim of the architect, it falls in one or the
other.

Service centric patterns fall by nature in the pattern category whether because they are
an identified pattern or at least as a pattern specific to a particular application. Moreover,
although it is not seemingly a necessity, all of the patterns that we integrated in the library,
and that are to different extents well identified and shared by multiple applications, are

service centric patterns.




106 Library of Concerns for microservice applications

Isolated property centric concerns have somewhat of an unsatisfying nature. Some
of their instances make sense as they constitute a legitimate concern that profits from being
isolated from the rest of the applications. It is for intance the case of the ImageConcern
in Listing 5.1 where the design choice of naming the images through a common pattern is
perfectly encapsulated and would be diluted if mixed with any other property. However
the danger of designing, or rewriting, an application around property centric concerns
is obvious when realizing that any application described using the common meta-model
shown in Figure 4.1 can be factorized through property centric concerns, providing limited
to zero architectural clarification.

An exemplar is the expose property, part of the ServiceRegistryPattern, in Listing 5.1
line 14. The decision to have it being part of the ServiceRegistryPattern is, although
architecturally relevant, non-obvious as discussed in Section 4.2.2 but in any case undoubt-
edly better than to have it being a concern of its own as it would hold no architectural
value.

This exemplifies a rule of thumb when writing a concern oriented description of a declar-
ative system, that is that unless they have strong architectural value, property centric

concerns should be as much as possible integrated into service centric concerns.

5.3.4 Respective Usefulness of Concerns Types

Both property centric concerns and service centric concerns have the beneficial effect
of unifying scattered properties in architecturally meaningful structure. However, they
represent two different but fundamental aspects of microservice applications. We present
in Section 5.4 many examples of textual concerns implementations using the COMSA
language. Before that we use the Openbgs application [36] to present examples of each
concern type to show their immediate usefulness. The Compose file used to deploy the
application is constituted of 223 unique properties spread without architectural structure
in services descriptions who are in consequence tangled between different architectural

patterns and policies.

Service centric concerns constitute the underlying topology of the application whose
clear representation benefits immediately to understandability. The Openbgs application
has an uncommon structure which is not reflected in the service names making it signifi-
cantly harder to make sense of without relying on extensive knowledge of the application
inner workings. Listing 5.5 shows that using the COMSA language, the topology of the
application is made evident through the instantiation of service centric concerns whose
Figure 5.5 shows in a graphical representation using the topology tool from the COMSA
toolbox described in Section B.3.1 which produces a graph of the topology using only the
COMSA description.
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concerns {
["Around AMF CNF"]
= new Aggregator {
msid = "amf"
sids = Set("ausf", "udm",
// Properties...

n udr n s

["Shared Mongo Database"]
= new SharedDatabasePattern {
msid = "mongo"
sids = Set("scp", "pcf", "pcrf",
// Properties...

["Around NRF CNF"]
= new SharedService {
msid = "nrf"
sids = Set("scp", "amf", "ausf",
udr" s "upf n)
// Properties...

["Around SCP CNF"]
= new SharedService {
msid = "scp"
sids = Set("amf", "ausf", "bsf",
upf ||)
// Properties...

// Other concerns...

}

"pCf" s “be")

"udr" s "webui" )

IIbeII , ||nssfll s “pCf” s IISmf n , IIudmll , n

IInSSf n s IIPCf n s IISmf n s IIudmll s IIudrll , n

Listing 5.5: ServiceCentricConcerns in the Openbgs application encapsulating the
topology.
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SharedService  EEE SharedDatabasePattern
= Aggregator

Figure 5.5: Representation of the topology of the Openbgs application.
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Property centric concerns isolate the different policies enforced in the application.
An interesting observation in the original Compose file is that the property restart :
on-failure is present in all the microservices’ descriptions but mongodb which is the
only database in the application. The consequence of this possible oversight is a single
point of failure making the application unusable without manual intervention if mongodb
fails. Listing 5.6 shows the restart on failure policy implemented in COMSA through the
declaration of a RestartOnFailureConcern object listing exhaustively the incorporated

microservices.

["Restart On Failure"]
= new RestartOnFailureConcern {
sids = Set("webui", "upf", "amf", "ausf", "scp", "bsf", "smf", "udr",
nssfll , Hudmll , Hpcf n , Hnrf n , Ilpcrfll)
}

Listing 5.6: Restart policy expressed through a RestartOnFailureConcern in the
Openbgs application exhaustively listing incorporated microservices.

Even though the unification of the scattered property has been done through the use
of the Concern object, the extension of the restart policy in the application is difficult
to apprehend because of the large number of listed microservices (line 3). However,
Figure 5.6 using the hypergraph-policies tool from the COMSA toolbox described in
Section 7?7 which produces an hypergraph of the policies in the application using only the
COMSA description, we can immediately identify the mongodb microservice not being

integrated in the pattern.

f_——ff—*_’7_7_7 @ amf

@ mongo

@ ausf

@ scp
\.pcf @ bsf
@ udm /
@ smf
@ nssf .“d'/

Figure 5.6: Representation of the policies in the Openbgs application.




110 Library of Concerns for microservice applications

Listing 5.7 shows an equally evident COMSA implementation through the use of the
ALL_SERVICES keyword and Pkl Set method difference, highlighting that mongodb is
not part of the policy. We can safely assume that had the application been written using
a concern-based language that last part would not have been specified and the single

point of failure avoided.

["Restart On Failure"]
= new RestartOnFailureConcern {
sids = ALL_SERVICES.difference("mongodb")
}

Listing 5.7: Restart policy expressed through a RestartOnFailureConcern in the
Openbgs application using the ALL_SERVICES keyword and difference Pkl method.

5.4 Overview of the library with examples from the

dataset

5.4.1 Property Centric Concern examples

Property centric concerns are heterogeneous which is understandable since they
are by definition the complete extension of microservice configuration for a given language.
The following sections present architecturally concerns of different natures expressible
through the instantiation of PropertyCentricConcern classes from Figure 5.3. They are
accompanied by examples from the concern oriented dataset discussed in Section 6.1.

It is to be noted that a PropertyCentricConcern is not by essence tied to a particular
concern except to the concern of focusing on that particular property. Because of that a
PropertyCentricConcern derived class can be used to express a concern of one nature
in an application description and of another in another description. It can be pertaining
to both concerns in a third and to neither in a fourth.

A fabricated example could be made using the ImageConcern class that is often used
to describe a naming pattern, can be part of a security concern, by gathering services
having their images in a secure repository, or be part of both if the secure images have a
common naming pattern or of neither while still being relevant for instance if multiple

images simply have the same value.

Naming patterns

Naming patterns are considered good practice [1] [99] and are very frequent when describing
microservices applications. Encapsulating naming patterns in concerns, especially using a
function, allows to express the precise intent of the architect, removes a significant number
of redundancies thus increasing readability and limitating error-proneness. Properties

whose values are String and not limited to a number of language specific predefined options
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are the most natural candidates. Some concerns commonly capturing naming patterns are

ImageConcern, EnvironmentConcern, ContainerNameConcern or HostnameConcern.

["hostnameTemplate"]

= new HostnameConcern {
sids = AllServices.difference(Set("nginx-web-server"))
hostname = module.SID

}

Listing 5.8: HostnameConcern encapsulating a naming pattern.
source: Deathstarbench Media Microservices

Listing 5.8, extracted from the COMSA description of the Deathstarbench Media
Microservices application [15] [33], shows the encapsulation of a naming pattern defining
the hostname property for all but one service assigning the service identifier to the property.
The Concern effectively merges 32 identically formated but scattered properties in the

original file into one, and undoubtedly highlights the intent of the architect.

Runtime Policies

Some properties are meant to have a system wide functional effect, as such they are
runtime policies. Policies can themselves be of different natures e.g., security policies,
deployment policies, but specify those concerns in being universal to the services in the
application, to the tolerance of a few justified exceptions. Properties having an effect on
ressources or on runtime behavior of services are candidates for being policies concerns

expressed through a PropertyCentricConcern derived class instance.

["Restart Always"]
= new RestartAlwaysConcern {
sids = ALL_SERVICES
}

Listing 5.9: Runtime policy of restarting any service on faillure captured by a
RestartAlwaysConcern instance.
source: Piggy Metrics

Listing 5.9, extracted from the COMSA description of the Piggy Metrics application
[78], shows the encapsulation of the restart policy decided for the whole application
through the usage of the macro ALL_SERVICES. The concern effectively merges identical
scattered properties of 14 services in the original file into one, revealing explicitly the

architect intent.

Security Concerns

Security concerns are less useful for factorizing or even expressing an architectural design
that they are for providing awareness of critical points in the system. The factorizing effect

and consequent increase in coherence can exist, particularly when the security concern is
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also a policy, with PropertyCentricConcern derived classes such as ReadOnlyConcern

or SharedNetworkConcern.

["PublicPorts"]
= new PublicPortsConcern {
ports {

["ts-avatar-service"] {"17001:17001"}
["ts-admin-user-service"] {"16115:16115"}
["ts-admin-travel-service"] {"16114:16114"}
["ts-admin-route-service"] {"16113:16113"}
["ts—admin-order-service"] {"16112:16112"}
["ts—admin-basic-info-service"] {"18767:18767"}
["ts-consign-price-service"] {"16110:16110"}
["ts-consign-service"] {"16111:16111"}
["ts-food-service"] {"18856:18856"}
["ts-route-plan-service"] {"14578:14578"}
["ts-food-map-service"] {"18855:18855"}
["ts-voucher-service"] {"16101:16101"}
["ts—news-service"] {"12862:12862"}
["ts-ticket-office-service"] {"16108:16108"}
["ts-travel-plan-service"] {"14322:14322"}
["ts-seat-service"] {"18898:18898"}
["ts-assurance-service"] {"18888:18888"}
["ts-cancel-service"] {"18885:18885"}
["ts-rebook-service"] {"18886:18886"}
["ts-payment-service"] {"19001:19001"}
["ts—execute-service"] {"12386:12386"}
["ts-inside-payment-service"] {"18673:18673"}
["ts-security-service"] {"11188:11188"}
["ts-notification-service"] {"17853:17853"}
["ts-price-service"] {"16579:16579"}
["ts-ticketinfo-service"] {"15681:15681"}
["ts-basic-service"] {"15680:15680"}
["ts-preserve-other-service"] {"14569:14569"}
["ts-preserve-service"] {"14568:14568"}
["ts-travel2-service"] {"16346:16346"}
["ts-travel-service"] {"12346:12346"}
["ts-train-service"] {"14567:14567"}
["ts-station-service"] {"12345:12345"}
["ts-config-service"] {"15679:15679"}
["ts-order-other-service"] {"12032:12032"%}
["ts-order-service"] {"12031:12031"}
["ts-contacts-service"] {"12347:12347"}
["ts-route-service"] {"11178:11178"}
["ts-verification-code-service"] {"15678:15678"}
["ts-user-service"] {"12342:12342"}
["ts-auth-service"] {"12340:12340"}
[Dashboard] {"8080:8080"}
[RabbitMQ] { "5672:5672" "15672:15672" }

Listing 5.10: Public ports gathered in a single concern.
source: Train Ticket

Listing 5.10, extracted from the COMSA description of the Train Ticket application[32],
does not aim at reducting the number of properties in the file but rather to gather all
points of entry on the transport layer for the application. While it remains a challenge

so sort through the different open ports, it is a significant improvement in readability
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to have the 48 properties located consecutively in the same block, readable on a single
screen, compared to the original file where those properties where scattered among the 272
properties of 68 services. The use of the PublicPortsConcerns to improve readability
and focus on this critical matter can be fully exploited in combination with graphical
tools such as the Hypergraph representation funished in the toolbox dand described in

Section B.3.2, allowing to distinguish at a glance if a service has an open port or not.

Connection Concerns

The fundamental characterization of microservice applications that we adopted is that
they are sets of units of executions communicating through the network to function as a
whole. The latter however is observable through properties defined in a deployment file
to allow for communication at runtime. Certain properties capture wide area of allowed
communication that provides a high level understanding of the application architecture.
Connection concerns can be considered security concern from another viewpoint as they

characterize reachability and by contrast isolation.

["Robotshop Network"]
= new SharedNetworkConcern {
sids = ALL_SERVICES
network_name = "robot-shop"

}

Listing 5.11: Network sharing among all microservices expressed through a
SharedNetworkConcern instance.
source: Robot Shop

Listing 5.11, extracted from the COMSA description of the Robot Shop application
[46], shows the application network being shared by all the services in the application
implying that communication is possible between any two services. Would it be the case
that some services were meant to be isolated, the inadequacy of the description would
be immediately identifiable when the original description would have demanded to go

through all 12 services properties to spot an intendedly absent one.

Procedural Concerns

While COMSA is a declarative language, as are most microservices ADLs, some microser-
vices properties consist of procedural elements. For most properties of collection types,
i.e., meant to contain multiple values, e.g., lists, sets, dictionaries, the order of elements
has no impact on the functional value. Because of that any construction of services done
by merging their partial definition in different concerns poses no difficulty. For instance, a
service can have multiple environment variables defined in different Concern instances and
any order for the ultimate real world service description produced through compilation to

an execution language is equivalent to another - as long as there is no erroneous declaration
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such as double declaration.
With the major factor of independence of properties, this secondary factor makes the
breakpoint problem non existent for concern oriented languages as long as they compile to
other declarative languages.
While properties with procedural values are still independent from other properties, their

elements are not independent from one another.

["Healthcheck"]
= new HealthcheckConcern {
healthcheck = (sid) ->
let (url =
if(sid == "ratings")
"http://localhost/_health"
else if(sid == "web")
"http://localhost:8080/"
else // Regularity
"http://localhost:8080/health"

)
new Healthcheck {
test {
IICMDH
n Curl n
n _Hll
"X-INSTANA-SYNTHETIC: 1"
n _f n
url
}
interval = "10s"
timeout = "10s"
retries = 3
}
sids = Set("catalogue", "user", "cart", "shipping", "payment", "ratings
n , "web" )

Listing 5.12: Heathcheck concern with procedural property.
source: Robot Shop

Listing 5.11, extracted from the COMSA description of the Robot Shop application[46],
shows a HealthcheckConcern instance meant to represent a commong pattern for multiple
services in the application. The functional effect is to periodically execute a command in
the container encompassing the service to determine, on the basis of the command return
value, if the service is "healthy" or not. A particular usage of that process is to inform
the deployment tool if it can start other services that depend on the "heath" of another
service or if it should wait for it to finish starting up.

The healthcheck attribute of the HeathcheckConcern instance, is assigned an
Healthckeck instance, defined in the compose.pkl module, that has multiple class
properties and among them the test class property lines 13-20. That attribute receives a
List of String as value that is the command to be executed split around spaces making
each continous series of characters an element. The order of elements being possibly

determinant to the command execution, the list cannot be split among different Concern
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objects without indicating their order for reconstruction, which brings back the breakpoint
problem.

Instead of engaging in that direction, we chose to impose that properties whose values
are collections with a non equivalent element order are to be considered as atomic and
thus not splitted among different Concern instances. Aside from the practical aspect of
that decision, it appears justified to set aside those properties as they conflict with the
intended declarative nature of ADLs, which is illustrated by the fact that they constitute

less that 2% of properties in our dataset.

5.4.2 Service Centric Concerns examples

Apart from the more general ServiceCentricConcern that is meant to capture service
centric concerns that have not been identified and implemented in the library, service
centric concerns are identified microservice architecture patterns that as shown in Fig-
ure 5.4 derive in the library from the MicroserviceArchitecturePattern class. Their
structure is identical, allowing for generalization in the attributes names. The msid
attribute designs the identifier of the pattern’s central microservice and the main_service
(alternatively main_service_template) attribute receives its properties that participate
to the pattern. The same mechanics are used for the sids attribute, that receives a set of
identifier designating the microservices in relation with the main service, and the service
(alternatively service_template) receives the properties participating to the pattern
which are assigned to each service.

The main service in identified patterns is always a technical service whose behavior is
the core of the pattern that often implies certain relations between it and the client
services and sometimes constrains. It allows tools from the COMSA toolbox, described in
Chapter B, such as compilers and error checker to respectively inject properties in the
executable code that are implicit in COMSA description and to check for inconsistencies

between the application description and the use of the pattern.

ServiceRegistryPattern

A service registry[87] is a service to which services register in order to allow other services
to discover them. The mechanism makes it not necessary for microservices to know the
addresses of services they connect to. It thus allows for dynamic addressing resulting from
failure or scaling. In addition to the discovery aspect, the service registry often effectuates
health checks on registered services, then having the ability to inform other services of
unavailabilities. The principal drawbacks are the increased development cost and the
fact that it introduces a single point of failure in the infrastructure thought the former
is largely compensated by the benefits resulting from implementation and the latter is
still a better solution that the multiple single points of failure existing in a system where

required addresses are hard coded in the program. Popular execution platforms such as
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Docker or Kubernetes implement de facto system registry, allowing services to reach each

other using only their identifiers, making service registry an implicit pattern.

["Consul"]
= new ServiceRegistryPattern {
msid = "consul"
main_service {
image = "consul:1.8.4"
command = "consul agent -dev -client 0.0.0.0"
b

sids = BusinessServicelds + Set("apache")

}

Listing 5.13: ServiceRegistryPattern example.
source: Consul

Listing 5.13, extracted from the COMSA description of the Consul application [107]
[106], shows a ServiceRegistryPattern instance representing the relation between the
service registry whose identifier, i.e., consul is defined in the msid field and its associated
properties in the main_service section. It is to be noted that its image and starting
command are relevantly defined in this block. The client services are declared in the
sids attribute as a Set of identifiers making use of Pkl set operations to add the apache

service to the already defined BusinessServicelds service identifiers set.

ApiGatewayPattern

An API gateway service[87] acts as the entry point in the application for all client
connections. It thus provides all the endpoints reachable from outside the application.
On reception of a client request, it has the responsibility to resolve it and answer. The
resolution can be done by simple routing of the request to the appropriate back end service
or more complex mechanism such as composition[76]. To the difference of service registry
pattern, all services are not meant to be connected to the API gateway service but only

those to which it transmits requests or interrogates to resolve clients requests.
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["API Gateway"]
= new ApiGatewayPattern {
msid = "ftgo-api-gateway"
main_service_template {
environment {
["ORDER_DESTINATIONS_ORDERSERVICEURL"] = "http://ftgo-order-service
:8080"
["ORDER_DESTINATIONS_ORDERHISTORYSERVICEURL"] = "http://ftgo-order-
history-service:8080"
["CONSUMER_DESTINATIONS_CONSUMERSERVICEURL"] = "http://ftgo-consumer
-service:8080"
}

X
sids = Set("ftgo-order-service", "ftgo-order-history-service", "ftgo-
consumer-service")

Listing 5.14: APIGatewayPattern example.
source: Food To Go

Listing 5.14, extracted from the COMSA description of the Food To Go application [86]
[87], shows an ApiGatewayPattern using the msid field to designate ftgo-api-gateway
as the gateway service, and sids field to designate client services using a set of identifiers.
The field main_service_template is used to define environment variables for the API

gateway service.

DistributedTracingPattern

A tracing service[87] is a service that gathers tracks of requests through the application.
It is an observation pattern that aims at understanding for specific requests which
microservices are sollicited what is their actions. This pattern is particularly useful for
large applications where the independant nature of microservices, in their functionning
as well as in their development, makes the static analysis factually impossible. Though
useful, this pattern is invasive and requires instrumentation of every microservice in order
for them to transmit to the tracker service the relevant informations, that also have to be
defined by the developper. At minimum each request has to be marked with an identifier

that is transmitted in all messages, those being numbered to keep track of order.
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["Distributed Tracing Pattern"]
= new DistributedTracingPattern {
msid = "tracing-server"
main_service_template {
image = "openzipkin/zipkin"
environment = new Listing {
"JAVA_OPTS=-XX:+UnlockExperimentalVMOptions -Djava.security.egd=
file:/dev/./urandom" }
}
sids = ServiceSids + Set("api-gateway")
service_template {
environment = new Listing {
"SPRING_ZIPKIN_BASEURL=http://" + msid + ":9411"
b

}
}

Listing 5.15: DistributedTracingPattern example.
source: Pet Clinic

Listing 5.15, extracted from the COMSA description of the Pet Clinic application[91],
shows a DistributedTracingPattern using the msid field to designate tracing-server
as the tracer service, and the sids field to designate traced services using a set of identifiers.
The field main_service_template is used to define the image of the tracer service as well
as an environment variable indicating options for the Java Virtual Machine that executes
it. The field service_template is used to define an environment variable indicating the
address where to send the data about treated queries. As the application also uses a
service registry pattern, services can communicate using services identifiers and so the

tracer address is a function of the main service identifier (msid).

MessagingPattern

A message broker is a microservice that handles messages in a centralized manner to allow
for asynchronous communication between microservices. Without implementation of a
messaging pattern communication between microservices is generally done in a one-to-one
synchronous manner between microservices where a requester microservice sends a message
to another microservice and waits for response. A messaging paradigm is asynchronous, it
allows also for a request/response model but permits also simple notifications without
responses as well as one-to-many transmissions either with notifications (publish/subscribe)

or asynchronous responses.




5.4 Overview of the library with examples from the dataset 119

["Messaging Pattern"]
= new MessagingPattern {
msid = "rabbit"
main_service_template {
image = "rabbitmq:3-management"
hostname = "rabbit"
environment {
["RABBITMQ_ERLANG_COOKIE"] = "SWQOKODSQALRPCLNMEQG"
["RABBITMQ_DEFAULT_USER"] "guest"
["RABBITMQ_DEFAULT_PASS"] "guest"
["RABBITMQ_DEFAULT_VHOST"] = "/"

}
labels {
["NAME"] = "rabbitmq"
}
}
sids = Set("uc", "intention", "position", "order", "api-gateway", "
zipkin")

service_template {
environment = new Listing {
"RABBIT=rabbit"
b
b
b

Listing 5.16: MessagingPattern example.
source: ()Bike

Listing 5.16, extracted from the COMSA description of the Q Bike application|[7],
shows a MessagingPattern using the msid field to designate rabbit as the message
broker service, and the sids field to designate its client services using a set of identifiers.
The field main_service_template is used to define environment variables relative to
manage main service, i.e., the message broker. The field service_template is used to set
an environment variable for all client services that indicates the identifier of the message

broker which is sufficient since the application uses a service registry pattern.

CircuitBreakerPattern

The resilience of microservice applications comes from the independent and often stateless
nature of business microservices that permits redundancy and inconsequential restarting of
services. Although entire unavailability of the entire system is less probable than it is with
monolithic applications, partial failures are still a non negligible hazard. For applications
using synchronous communications, aside from the immediate consequences in terms of
functionalities of the application, the risk of a cascading effect on healthy services comes
from them blocking in wait of a response. The circuit breaker pattern mitigates that effect
by enforcing a timeout on connection directed toward unresponsive microservices during
which it denies all requests that would imply a request to them. That mechanism, is a
simple mean to contain failures and keep the functionalities not impacted by the local

failures available.
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["Circuit Breaker"]
= new CircuitBreakerPattern {
msid = "turbine-stream-service"

}

Listing 5.17: CircuitBreaker example.
source: Piggy Metrics

Listing 5.17, extracted from the COMSA description of the Piggy Metrics ap-
plication [78], shows a CircuitBreakerPattern instance using the msid field to
designate turbine-steam-service as implementing the CircuitBreakerPattern. As

the sids field is not set, it implies that the pattern is applied to every service it connects to.

SharedDatabasePattern

The ideal structure to preserve independence and statelessness between microservices is
to have separate dedicated databases for each microservice. However it comes at least
with greater cost in architecting the application and happens to be outwright impossible
in some cases where data managed by different services is too tightly coupled to not have
shared databases. It is then important to identify which microservices are linked to a

particular database.
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["Shared Mongo Database"]
= new SharedDatabasePattern {
msid = "mongo"
main_service_template {
image = "mongo"
environment f{
["MONGO_INITDB_DATABASE"] = DATABASE_NAME
}
expose {
"27017/udp"
"27017/tcp"
}
healthcheck {
test {
IICMDH
"mongosh"
n __eval n
"db.adminCommand (’ping’)"
}
interval = "b5g"
timeout "5s"
retries 3
}
}
sids = Set("scp", "pcf", "pcrf",
service_template {
environment {
["DB_URI"] = "mongodb://\(msid)/\(DATABASE_NAME)"
}
}
}

udr", "webui")

Listing 5.18: SharedDatabasePattern example.
source: Open 5gs

Listing 5.18, extracted from the COMSA description of the Open 5gs application [36],
shows a SharedDatabasePattern instance using the msid field to designate mongo as the
shared database. The field main_service_template is used to document the database
exposed port and set an healthcheck to inform other services of the database status. The
sids fields determines the services among which the database is shared using a set of
identifiers. The field service_template is used to set an environment variable for all

services using the database providing the access point to it.

DatabasePerServicePattern

If a microservice can isolate its managed data from other microservices, it is advisable to
dedicate a database to it as it makes it completly independent from other services from
development and execution standpoints. However if the patterm is consistently applied to
an application composed of many services, managing the service-database couples can
be a source of confusion. The DatabasePerServicePattern makes it simple to identify

couples and configure them as a unit.
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["userSQLDB"]

= new DatabasePerServicePattern {
sid = "user-service"
msid = "user-mongodb"

¥

Listing 5.19: DatabasePerServicePattern example.
source: Deathstarbench Social Network

Listing 5.19, extracted from the COMSA description of the Deathstarbench So-
cial Network application [16] [33], shows a DatabasePerServicePattern instance us-
ing the msid field to designate user-mongodb as the dedicated database to the ser-
vice user-service designated in the sid field. While using the more general sids =
Set ("user-service") is still possible, as, by design, only one service can be assignated
to the database, a more natural singular field has been defined for this particular Concern.
The DatabasePerServicePattern instance highlights the connection between the two
services and and could be used to configure both the business service and database using

the main_service, service or services fields.

5.4.3 Multiconcerns

Certain applications are characterized by the repetition of a specific pattern. In the same
manner that concerns capture the commonality in property settings through the Concern
class in the presented implementation of the COMSA language, we thought of proposing

an higher order concern to capture repeating concerns in an application.
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1 ["homeTimelineNoSQLDB"]

2 = new DatabasePerServicePattern {
3 sid = "home-timeline-service"

4 msid = "home-timeline-redis"

5 }

6 ["socialGraphSQLDB"]

7 = new DatabasePerServicePattern {

8 sid = "social-graph-service"

9 msid = "social-graph-mongodb"

10

by

11 ["socialGraphNoSQLDB"]
12 = new DatabasePerServicePattern {
13 sid = "social-graph-service"

14 msid = "social-graph-redis"

15 }

16 ["postStorageSQLDB"]

17 = new DatabasePerServicePattern {
18 sid = "post-storage-service"

19 msid = "post-storage-mongodb"
20 }
21 ["userTimelineSQLDB"]
22 = new DatabasePerServicePattern {
3 sid = "user-timeline-service"

4 msid = "user-timeline-mongodb"
s |k

["userTimelineNoSQLDB"]

= new DatabasePerServicePattern {
sid = "user-timeline-service"
msid = "user-timeline-redis"

}

["urlShortenSQLDB"]

= new DatabasePerServicePattern {
sid = "url-shorten-service"
msid = "url-shorten-mongodb"

}

["userSQLDB"]

37 = new DatabasePerServicePattern {
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38 sid = "user-service"
39 msid = "user-mongodb"
40 }
41 ["mediaSQLDB"]
42 = new DatabasePerServicePattern {
43 sid = "media-service"
44 msid = "media-mongodb"
45 }
46 ["mediaMemcached"]
47 = new DatabasePerServicePattern {
48 sid = "media-service"
49 msid = "media-memcached"
50 }
51 ["userMemcached"]
52 = new DatabasePerServicePattern {
53 sid = "user-service"
54 msid = "user—memcached"
5
}

o ["urlShortenMemcached"]
57 = new DatabasePerServicePattern {

58 sid = "url-shorten-service"

59 msid = "url-shorten-memcached"
60 }

61 ["postStorageMemcached"]

62 = new DatabasePerServicePattern {
63 sid = "post-storage-service"

64 msid = "post-storage-memcached"
65 }

Listing 5.20: DatabasePerServicePattern repeated multiple times in an application.
source: DeathstarBench Social Network
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Listing 5.19 shows an instance of a DatabasePerServicePattern that only one of
many present the COMSA description of the Deathstarbench Social Network application
as shown in Listing 5.20. While it is a considerable improvement from the original Docker
Compose file describing the application that suffered from the scattering of properties and

absence of architectural informations, the repetitiveness of this section can be reduced.

["DatabasePerServicePatterns"]
= new MultiDatabasePerServicePattern{
attributes = {"msid" "sid"}

values {
"post-storage-memcached" "post-storage-service"
"url-shorten-memcached" "url-shorten-service"
"user-memcached" "user—service"
"media-memcached" "media-service"
"media-mongodb" "media-service"
"user-mongodb" "user-service"
"url-shorten-mongodb" "url-shorten-service"
"user-timeline-redis" "user-timeline-service"
"user-timeline-mongodb" '"user-timeline-service"
"post-storage-mongodb" "post-storage-service"
"social-graph-redis" "social-graph-service"
"social-graph-mongodb" "social-graph-service"
"home-timeline-redis" "home-timeline-service"

X

Listing 5.21: MultiDatabasePerServicePattern example.
source: Deathstarbench Social Network

Listing 5.21 shows all the DatabasePerServicePattern instances of Listing 5.20

gathered into a single MultiConcern instance. Here the nature of the Concern of which
multiple instances are defined in a single declaration is implicit as the object instantiated
is a specific class, MultiDatabasePerServicePattern, derived from the MultiConcern
clags. The attributes field could also be omitted as it is by default defined this way in
the derived class but it’s explicit indication of the order of the services provides better
readability.
MultiConcern can be used for any type of concern in a simple manner, even without a
derived class. Listing 5.22 instantiation is equivalent to the one in Listing 5.21 but uses
only the Multiconcern class, showing how to use it for any concern when useful to the
description.




= W N =

5.5 Implementation 125

["DatabasePerServicePatterns"]
= new MultiConcern{
concern = module.DatabasePerServicePattern
attributes = {"msid" "sid"}

values {
"post-storage-memcached" "post-storage-service"
"url-shorten-memcached" "url-shorten-service"
"user-memcached" "user-service"
"media-memcached" "media-service"
"media-mongodb" "media-service"
"user-mongodb" "user-service"
"url-shorten-mongodb" "url-shorten-service"
"user-timeline-redis" "user-timeline-service"
"user-timeline-mongodb" '"user-timeline-service"
"post-storage-mongodb" "post-storage-service"
"social-graph-redis" "social-graph-service"
"social-graph-mongodb" "social-graph-service"
"home-timeline-redis" "home-timeline-service"

3

}

Listing 5.22: MultiConcern example defining multiple DatabasePerServicePattern in
a single instantiation.
source: Deathstarbench Social Network

5.5 Implementation

This sections builds on Section 4.3.4 to delve into the Pkl implementation of the COMSA

language.

5.5.1 PropertyCentricConcern

The PropertycentricConcern class definition simply adds the sids property class to
the Concern class as it at the heart of the concern to designate a group of service sharing

sets of coherent properties. Listing 5.23 shows that simple definition.

abstract class PropertyCentricConcern extends Concern {
sids: Set<Id>?
+

Listing 5.23: Pkl implementation of the PropertyCentricConcern class

The actual mechanism of property assignation is done in the
SinglePropertyCentricConcern class that derives from the PropertyCentricConcern
class. The reason for that intermediate class is that it is dedicated to defining a single
property for multiple services. Property centric concerns are not by nature limited to
one property although we found it to be the most relevant usage as multiple properties

defined for a set of microservices tend to be more relevant in functional pattern.
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abstract class SinglePropertyCentricConcern extends PropertyCentricConcern {
hidden property_name: String
hidden property_value: Any
services {
when (sids == ALL_SERVICES) {
[sids] = Map(property_name, property_value).toTyped(module.Service)
}
when (sids != ALL_SERVICES) {
for (sid in sids 77 Set()) {
[sid] =
if (property_value is Function)
Map (property_name, property_value.apply(sid)).toTyped(module.Service)
else
Map (property_name, property_value).toTyped(module.Service)

Listing 5.24: Pkl implementation of the SinglePropertyCentricConcern class

Listing 5.24 shows the definition of the class used in all the examples presented in
Section 5.4.1. To generalise the mechanics of property assignation to the individual services
in the mother class, the specific targeted property is given in the "property_name" field.
The value affected to the property is located in the property_value field. Its type is not
restricted not to presume on the possible values of thereby set properties. The attribution
logic makes use of the services inherited from the Concern class. It distinguishes between
the property value being a function and any other type. In the latter case it simply assigns
the value by creating an entry in the services mapping using the service identifier as
key and as value a Compose Pkl Service with only the specific value set. In the former
case, it applies the function on the service identifier in order to produce the property
value. At time of writing, the function can only be instantiated with the service identifier
as it happens to cover all the cases of the dataset. Both of those cases make use of the
toTyped Pkl function that creates an instance of a class implementing the method from a

map whose keys are attributes names and keys attributes values.

open class ImageConcern extends SinglePropertyCentricConcern {
hidden property_name: "image"
hidden property_value = this.image
hidden image: (String|Function)?

¥

Listing 5.25: Pkl implementation of the ImageConcern class

Listing 5.25 shows the definition of the ImageConcern concrete class used to instantiate
property centric concerns setting the image property for sets of concerns. A new attribute
image is declared to make the use of the concern intuitive and its possible value is restricted
to either string or a function. The property name and value are respectively copied in the

property_name and property_value for instantiating the service in the mother class.
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5.5.2 ServiceCentricConcern

The service centric concerns shown in Section 5.4.2 are all of the
MicroserviceArchitecturePattern class, meaning that they are all patterns

identified as being commonly used in microservice applications.

abstract class MicroserviceArchitecturePattern extends Concern {
sids: Set<Id>
msid: Id
behaviors: Listing<Behavior>
service_template: Service = apply_behaviors(this, behaviors.toList()) [sids]
main_service_template: Service = apply_behaviors(this, behaviors.toList())[
msid]
services {
when (!sids.isEmpty) {
[sids] = service_template
}
when (!(msid is Null)){
[msid] = main_service_template
}
}
}

Listing 5.26: Pkl implementation of the MicroserviceArchitecturePattern class
(simplified)

Listing 5.26 shows the implementation of the MicroserviceArchitecturePattern
class which is the common mother class for all the identified patterns presented in Sec-
tion 5.4.2. The class has two analogous mechanisms, one for the main service and another
for the other services connected to it. The identifier is assigned in the msid, respectively
sids, class property and the properties are contained in the main_service_template,
respectively service_template attribute. A list of behaviors can be added to the concern
that are applied on top of the properties defined in the concrete class definition of a
pattern and on those defined at instantiation in an application description. A mechanism
to permit alternative names for the main or other services exists but has been omited
in Listing 5.26 for clarity. The apply behavior function applies each Behavior object
to the Service object that represents the main service, respectively related services,
properties pertaining to the concern. The action of the apply function of Behavior is
to add properties to services considered as being implied by the use of the concern. For
instance, it is implied by the use of the ServiceRegistryPattern that for deployment,
registered services depend on the service registry thus the ServiceRegistryPattern class

definition has the corresponding behavior by default as shown is Listing 5.27.

class ServiceRegistryPattern extends DiscoveryPattern {
msid: Id
behaviors {sids_depend_on_msid}

¥

Listing 5.27: ServiceRegistryPattern class definition.
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The default behavior of the pattern can however be modified by explicitly assigning
an alternative value to the behavior attribute. For instance, to not have any implicit
dependency, adding the line behavior = new Listing{} in the instance declaration will
make it so that no behavior is applied. Alternative behaviors can be declared instead.

The list of available behaviors is given in Listing 5.28.

sids_depends_on_msid // alternatively sids_depend_on_msid
sids_depends_on_started_msid // alternatively sids_depend_on_started_msid
sids_depends_on_healthy_msid // alternatively sids_depend_on_healthy_msid

msid_depends_on_sids // alternatively msid_depend_on_sids

msid_depends_on_started_sids // alternatively msid_depend_on_started_sids
msid_depends_on_healthy_sids // alternatively msid_depend_on_healthy_sids
sids_connect_to_msid // indicates relation, no functional effect,

used for graphical representation

Listing 5.28: List of available behaviors for MicroserviceArchitecturePattern classes.

5.5.3 Multiconcern

The MultiConcern class gathers separate collections of data used to create a series of of

instances of a particular Concern class.

open class MultiConcernf{
hidden concern: Class
attributes: Listing<String>
values: Listing<Listing | Dynamic | List<Id|Set<Id>> | Id | Set<Id> > | List<
List<Id|Set<Id>>> | Set<List<Id|Set<Id>>> = new Listing{}
main_service: Service = new Service{}
service: Service = new Service{}

function compute_concerns(): Mapping<String, Concern> =

//

Listing 5.29: Pkl implementation of the MultiConcerns class (simplified)

The central mechanism of the class is located in the compute_concerns that resolves
MultiConcern instances into a Mapping of String-Concern pairs, making them seamlessly
integrable into otherwise declared concerns. The value attribute accepts any collection
type for declaring the identifiers of participating services. The additional properties for
the main and related services are assumed to be identical for all concerns and can be
declared respectively in the main_service and service in the same manner as in single

Concern declarations.
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5.6 Conclusion

We have established a library of reusable concerns in the COMSA language, allowing
explicit architectural description by design. Doing so we highlighted a fundamental
distinction between property centric concerns and service centric concerns. The former
covers concerns of different natures such as application policies, security concerns or
naming patterns but have in common to relate to the application as a whole. The later
characterizes architectural patterns and introduces a characterization of technical (or
infrastructural) microservices as being at the center of a pattern. Because those patterns
have an identified behavior they allow to make some of the properties implicit, symplifying
the description.

An ADL is only as practically useful as its associated toolbox allows it to be and so we
dedicate Chapter B to the presentation of the tools we developed to support the COMSA
language. We rhen go on with the evaluation of the COMSA language in Chapter 6,
to show that having an explicit architectural description by design provides gains in
limiting greatly redundancy thus reducing error proneness by making the description more
sound through unification of duplicated properties produced by the commonly shared

metamodel.






Chapter 6
Evaluation

This chapter presents the quantitative evaluation of the COMSA language and more
generally of the Concern concept through the rewriting of microservice applications

initially written in the Compose language and the analysis of subsequent data.

6.1 Dataset presentation

The established dataset is a selection of 21 out of 61 applications from Davide Taibi’s
Curated Dataset of Microservice-Based Systems [81] [94]. We added to this selection the
three finished applications from the DeathStarBench benchmark suite [17] [33].

Table 6.1 shows for each application the number of microservices as well its popularity
through the number of stars and forks on Github. It shows the wide range of application
complexity going from having only 5 microservices for the smallest (consul) to 68 for the
largest (train-ticket) and from begin a personal project (ex: blog-microservices) to having
55 contributors (sockshop). In both the aspects of microservice number and contributor
number, the dataset is evenly distributed with average values of respectively 15.4 and 14.4
and corresponding standard deviations of 13.8 and 14.4. Those attributes of the dataset
coupled with the median of microservice number being 11 and the median of contributor
number being 13 indicates that the core of the dataset is composed of middle sized projects
that are in that regard representative of realworld applications. The total number of
microservices being 324 and contributors to these applications being 303 indicate that the
following analyses are applied on a wide range of types of microservices and preferences
in terms of possible development approaches.

Although microservice applications quality cannot be assessed through their popularity,
the median values for stars and forks being respectively 658 and 294, indicate that the
dataset is not composed of niche or irrelevant projects and are considered worthy of

attention by the microservice community.
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Application Microservice Number | Contributors | Stars | Forks
blog-microservices [27] 11 1| 407 | 303
blogpost [6] 9 1 14 14
consul [106] 5 4| 106 58
CQRS [104] 7 1] 658 | 204
hotelreservation [14] 19 34| 819 | 449
mediamicroservices [15] 33 18 | 819 | 449
socialnetwork [16] 27 28 | 819 | 449
ftgo-application [86] 16 3.6k | 1.4k
graphprocessing [4] 17 14
LakesideMutual [69] 178 110
microcompany [26] 11 351 139
openbgs [36] 14 17 64 27
PetClinic [91] 10 38 | 1.8k | 2.4k
PiggyMetrics [78§] 14 13 | 13.5k | 6.2k
Pitstop [103] 13 18] 1.1k | 481
gbike [7] 10 1| 506 | 176
robot-shop [46] 12 16 | 921 | 4.8k
sockshop [18] 15 55| 3.7k | 2.9k
TapAndEat [31] 5 1 8 8
teastore [20] 7 19 | 132 156
train-ticket [32] 68 23| 769 | 265
Total 324 303 30k 21k
Min 5 1 8 8
Max 68 55 | 13.5k | 6.2k
Average 154 144 | 1.4k 1k
Median 11 13 658 294
Standard Deviation 13.8 14.4 | 2.8k | 1.6k

Table 6.1: Dataset Composition and Base Data
stars and forks updated on 17-06-2025

6.2 Unique Properties

Section 4 and Section 5 present the qualitative improvement that the COMSA language

provides in comparison to the common model of other microservice application’s ADLs.

These qualitative attributes we pretend to ameliorate are by nature hard to capture in a

quantitative manner. One approach is to look at the number of lines of code generated

from the new language and compare that value to the number of lines to be added for

the application to function. Since one of the imperatives we imposed on ourselves in
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the creation of the COMSA language was that it would be immediatly executable after
compilation, so that there wouldn’t be a discrepancy between source code and generated
code, and that we achieved that goal, that approach is not applicable. Another approach
is to ask a group of people to use the language and rate it in different aspects. It brings
multiple difficulties relative to the sample of people chosen to perform the test for it to
be representative of a larger scale. The possibility to gather a sufficiently large group of
willing participants is in itself a challenge, then dealing with the variability in competence
also poses a complex difficulty. Ultimately even assuming the previously mentioned
difficulties have been overcome, the analysis resulting from such a survey objectify the
qualitative attributes of a language but do not give a quantitative measure for it. One
simple approach could have been to merely compare the number of lines between the
original Compose files and the COMSA files. However that comparison would rely for
the most part on the specific writing style of the author of the original file as well as
on ours. Moreover the shortness of the file does not indicate a gain in the aspects we're
aiming for which are understandability, error resilience, maintainability and coherence, as
the possibility of transforming description files into one liners obviously shows. Counting
characters does not offer a better alternative since having every user decided variable be of
minimal length would negatively affect understandability, maintainability, error resilience
and have no effect on coherence.

We chose to compare the number of unique properties between original Compose files
and COMSA files as an objective measurement of qualitative improvement. We define an
unique property in a microservice application description as the independent affectation of
an attribute-value couple for one or multiple microservices. The affectation is independent
in the sense that modifying the value in one place has no effect on any other affectation
as exemplified on the Teastore application in Section 4.1.4. For instance Listing 6.1 shows
two identical properties that are not one unique property since modifying the value of one
does not affect the other.

service_1:

image: my_image
service_2:

image: my_image

Listing 6.1: Compose identical but independent properties.

Using variable instead of hard coded values does not create more coherence but only
provides a mean to change multiple independent properties in a single place. While
that mechanism increases maintainability, it also tends to harm understandability as it
becomes necessary to look in a different place to consult the assigned value. It also does
not differentiates services sharing the common value from those who do not and thus
necessitate to exhaustively check each microservice definition in the file, thus limiting

improvement in error resiliency.
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On the other hand, the COMSA language allows for complete coherence effectively
associating multiple microservices to a single property as shown in Listing 6.2. Modifying
the Image attribute value affects all of the microservices that are explicitly listed in the
sids attribute. Thus there is no need to look anywhere else in the file to ensure the range

of the modification.

["Image Concern"]

= new ImageConcern{
sids= Set{"service 1", "service 2"}
image= "my_image"

}

Listing 6.2: COMSA unique property shared among multiple services.

The reduction of unique properties is a direct measurement of the gain in coherence
but also indicates gains in harder to quantify values. Maintainability gains can be
immediately deduced as there is less places to modify, from the reduction of entities
comes the reduction in error-proneness as there is less places to check for and to make
mistakes at. In the same manner, even without considering the arguments presented
in Section 4 and Section 5 and the conceptual relevance of Concerns for microservice
architecture, eliminating superfluous properties asks for less information to be considered
thus increasing the ease of understanding.

Table 6.2 shows values for each applications for properties in original Compose files,
similarities between properties in those files, unique properties in original Compose files
and properties in COMSA descriptions of the same applications.

"Compose Properties Number" is the count of properties in Compose files considered
in the sense defined earlier. Intuitively a property is any occurrence of an attribute-value
assigned in a microservice description. Two properties are considered similar if they are
identical modulo the service identifier thus each property that can be associated with
another through that definition is added to the count of "Property similarities". "Unique
properties" are then the count of each distinct property in the sense that for each group of
similar properties count as one property. "COMSA Properties' is the count of properties
in COMSA files. For "Compose Property Similarities", "Unique Properties" and "COMSA
Properties", values are expressed absolutely and as a percentage of the corresponding
value in the "Compose Property Number" column. Conversely the proportion of properties
in the original Compose files relatively to "Unique Properties" and "COMSA Properties"
is expressed in the gain column of those sections and give a metric for respectively the
theoretical possible gain and actual gain through writing of the application description in
the COMSA language. The "Diff" column indicates the difference between the number of
unique properties and the number of properties in COMSA files.
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Compose ,
Unique COMSA
Application Compose P.rol.)ert‘y. Properties Properties Diff
Property | Similarities
Number #1 % # % | gain # % | gain
blog-microservices 61 42 | 68,85 24 | 39,34 | 2,54 24 | 39,34 | 2,54 0
blogpost 63 40 | 63,49 32 | 50,79 | 1,97 2213492286 | -10
consul 14 7 150,00 9 164,29 | 1,56 7 150,00 | 2,00 -2
CQRS 38 22 | 57,89 23 | 60,53 | 1,65 19 | 50,00 | 2,00 -4
hotelreservation 157 | 119 | 75,80 56 | 35,67 | 2,80 47 129,94 | 3,34 -9
mediamicroservices 119 92 | 77,31 33 | 27,73 | 3,61 23 119,33 | 5,17 | -10
socialnetwork 134 | 101 | 75,37 | 41 | 30,60 | 3,27 24 | 1791 | 5,58 | -17
ftgo-application 192 92 |1 4792 | 120 | 62,50 | 1,60 93 | 48,44 | 2,06 | -27
graphprocessing 50 17 | 34,00 39 | 78,00 | 1,28 35 (70,00 | 1,43 -4
LakesideMutual 46 29 | 63,04 25 | 54,35 | 1,84 22 | 4783 | 2,09 -3
microcompany 47 28 | 59,57 23 | 48,94 | 2,04 23 | 48,94 | 2,04 0
openbgs 183 | 147 | 80,33 56 | 30,60 | 3,27 56 | 30,60 | 3,27 0
PetClinic 60 42 | 70,00 26 | 43,33 | 2,31 24 | 40,00 | 2,50 -2
PiggyMetrics 79 72 | 91,14 17 | 21,52 | 4,65 17 | 21,52 | 4,65 0
Pitstop 78 46 | 58,97 | 40 | 51,28 | 1,95 34 | 43,59 | 2,29 -6
gbike 80 50 | 62,50 40 | 50,00 | 2,00 35 | 43,75 | 2,29 -5
robot-shop 102 88 | 86,27 | 27 | 26,47 | 3,78 19 | 18,63 | 5,37 -8
sockshop 133 | 105 | 78,95 43 | 32,33 | 3,09 43 | 32,33 | 3,09 0
TapAndEat 10 4 140,00 7 170,00 | 1,43 60,00 | 1,67 -1
teastore 28 23 | 82,14 932,14 | 3,11 32,14 | 3,11 0
train-ticket 272 | 222 | 81,62 57 | 20,96 | 4,77 56 | 20,59 | 4,86 -1
Total 1946 | 1388 | 71,33 | 747 | 38,39 | 2,61 | 638 | 32,79 | 3,05 | -109
Min 10 4 | 34,00 712096 | 1,28 6| 17,91 | 1,43 | -27
Max 272 | 222 191,14 | 120 | 78,00 | 4,77 93 | 70,00 | 5,58 0
Average 92,7 | 66,1 | 66,91 | 35,6 | 44,35 | 2,60 | 30,4 | 38,09 | 3,06 | -5,2
Median 78 46 | 68,85 32| 43,33 | 2,31 24 | 39,34 | 2,54 -3
Standard Deviation 66,4 | 53,4 | 15,34 | 244 | 16,52 | 1,02 | 20,2 | 14,30 | 1,30 | 6,7

Table 6.2: Comparison of unique properties between original Compose files and COMSA

files.

Table 6.2 confirms the size diversity of microservice applications in the dataset

through number of properties as Table 6.1 did through numbers of microservices and

collaborators. The dataset is well distributed in that regard as shown by the average

number of properties being 92.7 and the standard deviation being 66.4 with the range of

properties going from 10 to 272. The median number of properties being 78 gives an
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idea of the number of properties in a middle sized microservice application written in

Compose.

The "Compose Property Similarities" column indicates an high similarity even for
the base value of 34% (application: graphprocessing) and shows extreme redundancy
in the most severe case with 91.14% of properties being similar to another (application:
PiggyMetrics). We can note that the application showing with the highest value is also by
large the most popular of the dataset with 13k stars and 6.2k forks, thus highly reviewed,
which hints toward a situation that is not a developper mishaps but a model ingrained
problem. The median and the average are close to each other respectively 66.91% and
68.85% with a moderate standard deviation of 15.34 points indicating that on average

only a third of the properties do not suffer from unecessary redundancy.
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Figure 6.1: Relationship between number of properties and property similarities (%).

We observe a correlation between property number and property similarity occurences
proportion in Table 6.2 that is shown in Figure 6.1 which puts in relation number of
properties as the absissa and as the ordinate percentage of properties similar to at least

another in the sense defined earlier.

The "Unique Property" column indicates considerable variability between Compose
application descriptions with a minimum of only 20.96% of the properties being unique and
a maximum of 78% unique properties with close average and median value of respectively
44.35% and 43,33% and a considerable standard deviation of 16.52 points.

On a global scale comparing the total properties present in the dataset and the total
unique properties, we find that a gain of 2.61 is theoritically achievable, meaning that

the dataset is expressed using 2.61 times the strictly necessary properties to produce an
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equivalent global set of properties. That figure is conforted by the close values of average
and median gain, respectively of 2.6 and 2.3 and a considerable but reasonable standard
deviation of 1.02. From those values we conclude that it is reasonable to expect that
Compose files can be expressed using only half the properties they’re using by adopting a

model allowing for assignation of properties to multiple services at once.
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Figure 6.2: Relationship between number of properties and unique properties (%).

We observe an inverse correlation between property number and unique properties
proportion in Table 6.2 that is shown in Figure 6.2 which puts in relation number of
properties as the abcissa and as the ordinate percentage of unique properties in the sense
defined earlier.

The "COMSA Properties" column presents the values relative to the COMSA written
description of the original application describded in Compose. Each of the COMSA
description is at least equivalent to the Compose description, meaning that if a unique
property is expressed in the Compose file it is expressed explicitely or implicitely in the
COMSA file and that it is explicitely observable in a generated Compose description
through the use of the comsa2compose or comsa2compose-yaml compilers presented in
Section B. The properties are counted in absolute values as well as proportionaly, as
a percentage, to the original Compose property number for the same application. The
'gain" column represents the inverse relation and gives a metric to estimate the gain
accomplished by using the COMSA language instead of the Compose language.

On a global scale, expressing the whole of the properties of the dataset using the
COMSA language is done expressing only 32.79% of the number of properties expressed
in the Compose dataset. Seen from another angle, we obtain a gain of 3.05, meaning that

looking at the Compose properties of the dataset as one set, it is expressed using more that
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tree time the properties used to express an at least equivalent set of properties using the
COMSA language for description. The average gain is quasi identical with a value of 3.06.
The average proportion of properties expressed for a particular application description with
the COMSA language relatively to the number of properties expressed for that application
description using the Compose is slighly higher at 38.09%. The standard deviation for
number of COMSA properties relative to number of Compose properties expressed in
percentage or gain, are respectively of 14.3 points and 1.3 indicating a considerable to
moderate spread. The medians are respectively at 39.34% of the number of Compose
property originally used when describing an application using the COMSA language and
the median gain is at 2.54. Through those values we deduce that it is reasonable to expect
a gain of 2 to 3 when using the COMSA language to describe a microservice application
compared to the use of the Compose language and that conversely we can expect for a
Compose described application to be expressed using the COMSA language with only
50% to 35% of the number of properties.

I
°
° °

5t i °
=
= 4p
@)
S ® °
R=! 31 ° ° *

% P
e
2 ° o9 °
°
°
| | | | | |

I N A A A E— | |
S P O P O DT T TIPS D
R RN N N N A S

Compose Properties Number

Figure 6.3: Relationship between gain achieved through the use of the COMSA language
relatively to the number of properties in the original Compose files.
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Figure 6.4: Relationship between number of properties in COMSA files (%) relatively to
number of properties in original Compose files.

We observe in Table 6.2 an irregular inverse correlation between Compose property
number and COMSA property number shown in Figure 6.4 which puts in relation
number of Compose properties as the abcissa and the percentage of COMSA prop-
erties as the ordinate and symmetrically an irregular correlation between Compose
property number and COMSA gain shown in Figure 6.3 which puts in relation number
of Compose properties as the abcissa and the gain as the ordinate. That correla-

tion indicates that using the COMSA language on larger applications increases its benefits.

A remarkable feat of the COMSA language is expressed in the "Diff" column that
indicates the difference between unique properties and COMSA properties. We note that
the values are never positive, meaning that the COMSA language realises the full extent
of the possible gain for every application, but that it is often negative. On average the
COMSA language uses 5.2 less properties than the unique properties expressed in the
original Compose files. That gain is explained by implicit properties and analysed in the

next section.

6.3 Dependencies

In Section 5 we made the central distinction in Concerns nature between property
centric concerns and service centric concerns. While property centric concerns can be
legitimate we consider that whenever possible the architecture description gains from
them being integrated in service centric concerns, and particularly into architectural

patterns that are by nature significant in describing the architecture. Section B explains
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how those patterns can provide the possibility to make some properties implicit as
they are by default implied by the pattern use. The COMSA language implements
implicit properties through the object oriented pattern Command that allows for
modifying the default behavior, thus leaving flexibility to the user while enforcing good

practive by design in generating those properties when compiling to an execution language.

At the time of writing, deployment dependencies i.e. depends_on in Compose, are the
only properties with online impact that the COMSA language implements. The COMSA
to Compose compiler from the COMSA toolbox also generates properties indicating post
deployment oriented connection and oriented messaging from one microservice to another.
Those properties attribute names are respectively x-connect-to and x-sends-to and
take a Listing of service identifier as value.

Table 6.3 shows the comparison relative to the mentioned properties between the
original Compose files from the dataset and generated Compose files from COMSA files
describing the same applications through the comsa2compose-yaml compiler. For each
application in the dataset the "Original Dependencies" column counts depends_on and
links attributes, the "Generated Dependencies" column counts those same attributes but
for the generated files plus the number of added attributes and the "Generated Hidden"

counts the non impactful properties and their added total.
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Explicit Generated Genrerated
Application Dependencies Dependencies Hidden
depends_on | links | depends on | links | added | x-connects-to | x-sends-to | added
blog-microservices 0 0 8 0 8 0 0 0
blogpost 1] 17 17 0] -11 0 0 0
consul 1 4 0 -1 3 0 3
CQRS 9 0 0 2 2 4
hotelreservation 17 0 25 0 8 ) 0 5
mediamicroservices 0 0 30 0 30 8 0 8
socialnetwork 19 0 24 0 5) 11 0 11
ftgo-application 33 0 37 0 4 3 0 3
graphprocessing 0| 10 9 1 0 8 0 8
LakesideMutual 10 0 15 0 5t 4 0 4
microcompany 0 0 20 0 20 10 4 14
openbgs 31 0 31 0 0 0 0 0
PetClinic 11 0 15 0 4 12 0 12
PiggyMetrics 8 0 18 0 10 4 0 4
Pitstop 19 0 25 0 6 3 4 7
gbike 1 15 21 0 5 0 0 0
robot-shop 12 0 13 0 1 0 1 1
sockshop 0 0 7 0 7 7 1 8
TapAndEat 0 4 4 0 0 0 0 0
teastore 0 0 0 8 4 0 4
train-ticket 1 0 29 0 28 41 0 41
Total 183 | 50 369 1| 137 125 12 | 137
Min 0 0 4 0| -11 0 0 0
Max 33| 17 37 1 30 41 4 41
Average 871 24 176 | 01| 6.5 6.0 0.6 | 6.5
Median 8 0 17 0 5) 4 0 4
Standard Deviation 10.2 | 5.1 9.6 02| 9.5 8.9 1.2 ] 89

Table 6.3: Comparison of expressed dependencies between Compose and COMSA files.

Table 6.3 shows that through compiling COMSA files to Compose files, the resulting
files are stripped of links properties. That comes from the fact that the 1inks attribute

is deprecated in newer versions of Compose, we can see that some of them, such as in the

consul application, were actually expressing dependencies and have been captured by

architectural patterns expressed in COMSA and ultimately converted to depends_on

properties. Others have been simply removed by the COMSA description, such as in the

blogpost application, which is of no consequence since Docker allow for communication
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between containers, which was the function of the 1inks attribute.

Even though some links attributes are lost in the COMSA description and compilation
to Compose, the total of dependency related properties go from 233 in the original files in
the dataset to 370 in the generated files, adding 59% more impactful dependencies with no
presence of the dependency attribute in the COMSA application description. On average,
6.5 dependencies are added for an application written in COMSA with no presence of
the dependency attribute which puts in relation to the average microservice number

of 15.4 shown in Table 6.1 is close to an additional dependency for every other microservice.

6.4 Concern Presence

The main proposition of this thesis is a new ADL dedicate to microservice-based application.
In the process of its making we applied the concern concept to the application in the
presented dataset. As our language is tailored to optimally apply the concern concept
we can step aside from this particular implementation and study concern presence in the
applications of the dataset. Although separation of concern is to some extent equivocal,
we’re confident in saying that the concern we identified are there and relevant which

permits to extract some data to analyse. This is what this section is dedicated to.

6.4.1 Property Centric Concerns

Property centric concerns, to the difference of architectural patterns, have no powerful
architectural meaning by nature. As explained in Chapter 5 it is preferable to integrate
their properties into architectural patterns as much as possible as long as their properties
are justified to be integrated into them. We tried to follow that aim and thus we consider
the data presented in Table 6.4 and Table 6.5 to be relative to standalone property centric
concerns that are to be kept separated from other concerns. For some of them such as the
Restart concern that usually indicates an application wide restart policy the cut is clear.
For others, such as the Image concern it can be more of a description preference but can
also be entirely justified for instance by the usage of a repeating pattern that is a naming
concern worth highlighting.

Table 6.4 shows and count property centric concern repartition by application in the
dataset. Table 6.5 shows the global values in absolute terms by number of instances of each
property centric concern in the dataset (Total) as well as the count of applications having
at least one instance of a particular property centric concern (uc) and the corresponding
proportional coverage of the dataset (uc%) indicating how much the concern crosscuts
the applications in the dataset. Figure 6.5 represents the last value in the form of an

histogram for easier reading.
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Concern blog-microservices | blogpost | consul | CQRS | hotelreservation | mediamicroservices | socialnetwork | ftgo-application | graphprocessing | LakesideMutual
Tmage 2 3 4 4 1 1 1
Build 1 2 1 1 1 1
Environment 1 1 1 3 1 1

ContainerName 1 3 1

Hostname 1 1 1

Restart 1 1 1 1

Deploy

DeployResourcesLimitsMemory

CapDrop

CapAdd

ReadOnly

Tmpfs

Expose 1 3 4 3

Command

EntryPoint 1 1 1

Volumes 1 1

Logging 1

Healthcheck

SharedNetwork

PublicPorts 1 1 1 1 1 1 1 1 1 1
Cluster 2 1 2
Total 6 5 3 5 19 12 12 4 4 5
Concern microcompany | openbgs | PetClinic | PiggyMetrics | Pitstop | gbike | robot-shop | sockshop | TapAndEat | teastore | train-ticket
Image 2 0 1 2 1 1 1 2 1 1 1
Build 0 0 0 0 1 0 1 0 0 0 1
Environment 0 0 0 1 2 0 0 1 0 0 0
ContainerName 0 0 1 0 1 0 0 0 0 0 0
Hostname 0 1 0 0 0 0 0 1 0 0 1
Restart 0 1 0 1 0 0 0 1 0 0 1
Deploy 0 0 0 0 0 0 0 0 0 0 1
DeployResourcesLimitsMemory 0 0 2 0 0 0 0 0 0 0 0
CapDrop 0 0 0 0 0 0 0 1 0 0 0
CapAdd 0 0 0 0 0 0 0 3 0 0 0
ReadOnly 0 0 0 0 0 0 0 1 0 0 0
Tmpfs 0 0 0 0 0 0 0 1 0 0 0
Expose 0 0 0 0 0 0 1 2 0 0 0
Command 1 0 0 0 0 0 0 0 0 0 0
EntryPoint 0 0 0 0 0 0 0 0 0 0 0
Volumes 0 0 0 0 0 0 0 0 0 0 0
Logging 0 0 0 1 0 0 1 0 0 0 0
Healthcheck 0 0 0 0 0 0 1 0 0 0 0
SharedNetwork 0 0 0 0 0 0 1 0 0 0 1
PublicPorts 1 1 1 1 1 1 1 1 1 1 1
Cluster 0 1 2 0 0 0 0 0 0 0 1
Total 4 4 7 6 6 2 7 14 2 2 8

Table 6.4: Property centered concerns distribution in the dataset by application.
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Concern Total | uc | uc(%)
PublicPorts 21 | 21 100
Image 29 | 17 81
Build 10 9 42.9
Environment 121 9 42.9
Restart 8| 8 38.1
Hostname 6| 6 28.6
Expose 14| 6 28.6
ClusterConcerns 91 6 28.6
ContainerName 715 23.8
Logging 31 3 14.3
EntryPoint 31 3 14.3
Volumes 2| 2 9.5
SharedNetwork 2| 2 9.5
Command 17 1 4.8
CapDrop 17 1 4.8
CapAdd 31 1 4.8
ReadOnly 111 4.8
Tmpfs 11 1 4.8
Deploy 1] 1 4.8
DeployResourcesLimitsMemory 2| 1 4.8
Healthcheck 17 1 4.8

Table 6.5: Property centered concerns distribution in the dataset.
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Image [ 181 I
Build l 142.9 5
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Figure 6.5: Property centric concerns usage proportion in the dataset.

The PublicPorts concern has understandably the largest coverage as it is required
for any application that is to be interacted with from outside. Exceptions could exist but
would be extremely marginal and are not covered in the dataset. The PublicPorts is a
particular case of property centric concern as it does not aim to unify multiple identical
properties but to regroup them in a single place to give an easier view of a critical
aspect of the system. The Image concern follows closely with 81% dataset coverage
which is explained by both the fact that the Image attribute is the most common way of
providing the application code and that the microservice images often share a naming
pattern among an application. The Build attribute is a common alternative to the Image
attribute which provokes the creation of the image at system launch. It can also be used

in conjunction to the Image attribute to specify the resulting image name which explains
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that the sum of its 42% coverage and the 81% coverage of the Image is higher that 100%.
The fact that close to half the dataset is covered by the Build concern indicates, as
with the Image concern, the commonality of naming patterns in its related attribute
usage. The Environment concern covers 42% of the dataset, indicating that in close to
half the cases, at least part of the environment variables that were not associable with
an architectural pattern can be unified in common properties shared between multiple
microservices. The Restart concern covers 38.1% of the dataset, indicating a restart
policy applied on the system. That figure can should lead to look at what’s missing
i.e. the 61.9% applications that don’t have restart policies and thus no explicit plan for
service failure. The Hostname concern covers 28.6% of the dataset indicating that in more
than one out of four applications, it is considered useful by the developers to rely on an
explicit name for containers instead of a default one and that when doing so a naming
pattern is used. The Expose concern covers 28.6% of the application indicating that
when documenting the exposed port inside the applications is common for developers to
do so in a systematic manner among microservices. The Cluster concern covers 28.6%
of the applications indicating that in more than one out of four applications we were
able to identify groups of heterogeneous properties that were shared by multiple services,
indicating an architectural intent, but that we couldn’t link to an architectural pattern.
That figures indicates that even through analysis, without the proper syntactic tools to
reveal the architecture, part of it remains obscure to the external reader even if noticeable.
The ContainerName concern covers 23.8% of the dataset and indicates that similarly as
with Hostname concern in around one out of four applications a naming pattern was used
to set an explicit name to the container and not rely on the default one. The Logging
concern covers only 14.3% of the dataset, indicating in contrast that centralized logging is

a largely underused policy.

6.4.2 Architecture Pattern Concerns

Architecture pattern concerns are architecturally significant by nature are as they de-
scribe the architecture not only in a comprehensive conceptual manner but also from a
communicational point of view which allows to augment the determination of services
by automatically affecting properties induced by the pattern as shown previously with
dependencies.

Table 6.6 shows and counts architectural concern repartition by application in the
dataset. Table 6.7 presents for each architectural concern the count of their total occur-
rences and how much they cross-cut the dataset through the count of applications they
are present in and the percentage of applications in the dataset it represents. That last

figure is also represented in Figure 6.5 in the form of an ordered histogram.
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Concern blog-microservices

blogpost

consul hotelreservation

CQRS

mediamicroservices

socialnetwork

ftgo-application

graphprocessing

LakesideMutual

SharedDatabase

2

DatabasePerService

1 9

18

13

CQRS

ExternalConfiguration 1

AccessToken 1

Distributed Tracing 1

LogAggregation

ApplicationMetrics 1

TransactionalOutbox

Messaging 1

CircuitBreaker

ServiceRegistry 1

ApiGateway 1

R N (U

Proxy

Aggregator

SharedService

Total 7

11

-
)
o

21

-

Concern

microcompany

opendgs | PetClinic | PiggyMetrics

Pitstop

gbike

robot-shop

sockshop

TapAndEat

teastore

train-ticket

SharedDatabase

1

1 2

3

DatabasePerService

CQRS

ExternalConfiguration

AccessToken

Distributed Tracing

LogAggregation

ApplicationMetrics

TransactionalOutbox

Messaging

CircuitBreaker

ServiceRegistry

ApiGateway
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[E N (U [

Proxy
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SharedService
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11

27

Table 6.6: Architectural concerns distribution in the dataset by application.
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Table 6.7: Architectural concerns distribution in the dataset.
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ApiGateway | 1 76.2 5
Messaging 157.1 B
ServiceRegistry 157.1 -
DatabasePerService | 138.1 -
ExternalConfiguration -| 138.1 B
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ApplicationMetrics | 133.3 B
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Figure 6.6: Architecture concerns coverage on the dataset.

The most present pattern is the ApiGateway concern, which indicates the will of
provinding a single, or at least a privileged way to access the application. That figure
is to be put in relation with the aforementioned 48.15% of microservices having a port
open for external connection hinting to architectural contradictions. The Messaging and
ServiceRegistry patterns come next being both present in 57.1% of the applications
and cover in conjunction 76.1% of the dataset. Those two patterns can be thought of as
exclusive alternatives for communication but surprisingly their intersection is equal to
their cumulated difference with 38% of the application implementing both patterns and
the same proportion implementing strictly one of them.

The DatabasePerService pattern is canonically considered as the desirable way

for storing permanent data but is only used in 38.1% of the applications showing
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at the same time the will to apply good practice but also the concrete limitations
of distributed data storage. Its distribution in the dataset is strictly distinct to the
28% of applications implementing the SharedDatabase pattern indicating application
wide architectural commitment toward one or the other pattern. Adding applications
implementing the CQRS pattern we identified 71.4% of the applications data access and
storage architectural types thus leaving more than a quarter of applications either using
other types of data management, being entirely stateless or having an original description
unclear enough that we were not able to identify it base on their Docker Compose
description. External-configuration has a high repartition in the dataset with 38.1%
of the applications containing an instance of the pattern, indicating the will to keep
microservices as stateless as possible when deployed which is desirable. The observability
patterns DistributedTracing and ApplicationMetrics each cover one third of the
dataset indicating both commonality but not general adoption with the majority of
developers preferring direct observation than integrating established observational tools.
The SharedService pattern only reaches 14.3% of the applications indicating that
spotted but unidentified patterns are not frequent which puts in relation with the limited
number of microservices being part of the property centric concern Environment and
Cluster indicated that service with leftover properties non assignable to legitimate

concerns are a relatively small minority.

Architectural patterns can be used to characterize applications at an high level
of abstraction independently of its business function. Considered independently they
describe particular aspects of the applications functioning but considered in conjunction
they provide an immediate understanding of the architecture. For instance, without any
information about business aim, knowing that an application has a single entrypoint for
client through the implementation of the Api Gateway pattern, using the service registry
pattern for communication and a shared database provides an immediate high level picture
of the application and outlines the architectural differences with another application that
would have multiple client entrypoints, with asynchronous communication through the
implementation of the messaging pattern and distributed data access and storage with
application wide implementation of the database per service pattern.

ApiGateway pattern being the most spread architectural pattern and because of its
architecturally determining nature, we chose to use it as an anchor for the forthcoming
architectural characterization. Tables 6.8, 6.9 and 6.10 show dataset coverage for sets
of pattern meaning that the value indicated in percentage represents the proportion of

applications implementing at least one instance of each of the associated patterns.
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First Concern

Second Concern

Dataset Coverage (%)

ApiGateway

ServiceRegistry

47.6

52.4

ApiGateway Messenging

Table 6.8: Dataset coverage of ApiGateway coupled with communication patterns.

Table 6.8 shows that the communicational pattern is the second most determining
architectural characterizing factor with dataset coverage for Messaging pattern and
ServiceRegistry pattern in conjunction with ApiGateway pattern of respectively 52.4%
and 47.6%. The conjunction of communicational patterns covers 87.5% of the applications
implementing the ApiGateway pattern indicating that it is almost implied to use at least
one of the two. Among those applications we note that the coexistence of communicational
patterns is of the same proportion as in the general case with half the application

implementing both patterns and half implementing only one of them.

Dataset Coverage (%)
33.3
19.0

First Concern Second Concern

DatabasePerService
SharedDatabase

ApiGateway

ApiGateway

Table 6.9: Dataset coverage of ApiGateway coupled with databases patterns.

Table 6.9 shows dataset coverage of ApiGateway pattern coupled with one of
the two most common data access and storage patterns, DatabasePerService and
SharedDatabase, implemented by respectively 33.3% and 19% of the application, thus
encompassing together more than half of the dataset. We identify from those figures that

those couples of patterns are common fundamental architectural choices.

First Concern | Second Concern Third Concern | Dataset Coverage (%)
ApiGateway ServiceRegistry | DatabasePerService 14.3
ApiGateway ServiceRegistry SharedDatabase 9.5
ApiGateway Messenging | DatabasePerService 19.0
ApiGateway Messenging SharedDatabase 19.0

Table 6.10: Dataset coverage of APIGateway coupled with communication patterns and
data access and storage patterns.

Table 6.10 shows the dataset coverage for the two architectural alternatives we identified
as prominent i.e. an implementation of ApiGateway pattern with either ServiceRegistry
pattern or Messaging pattern and either DatabasePerService pattern or Messaging
pattern. The totality of those combinations covers 38.1% of the dataset, indicating the
relevance of those architectural characterization. We note that the implementation of
Messaging pattern is more commonly associated with at least one data access and storage

pattern.
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6.5 Concern Scattering

Concern Scattering represents the proportion of microservices pertaining to a Concern in

an application. Through it we can assess how much a concern affects an application and

consequently how much the use of a concern oriented description language can improve

the application description compared to a language using the classical model.

6.5.1 Property Centric Concerns

Table 6.11 shows for each application the percentage of microservice pertaining to a

particular concern type.

If a concern is not used in the application description the

corresponding cell is left empty. Table 6.12 shows the average scattering values for each

concern type present multiple times in the dataset. The applications that don’t have an

instance of the concern type are not included in the average calculation.

Concern blog-microservices

blogpost | consul

CQRS

hotelreservation

mediamicroservices

socialnetwork

ftgo-application

graphprocessing

LakesideMutual

Image

71

79

91

89

69

67

100

Build

91

67 80

42

69

100

Environment

91

89

57

74

38

22

ContainerName

71

89

67

Hostname

26

97

96

Restart

100

100

94

100

Deploy

DeployResourcesLimitsMemory

CapDrop

CapAdd

ReadOnly

Tmpfs

Expose

91

48

Command

Entrypoint

36

Volumes

41

Logging

Healthcheck

SharedNetwork

PublicPorts

64

100

88

100

100

Cluster

100

60

67

Concern

microcompany

openbgs | PetClinic

PiggyMetrics

Pitstop

qbike

robot-shop

sockshop | TapAndEat

teastore | train-ticket

Image

91

70

93

69

50

75

93

100

100 62

Build

69

67

62

Environment

=1

ot

69

20

ContainerName

100

7

Hostname

93

100

Restart

100

93

62

Deploy

DeployResourcesLimitsMemory

100

CapDrop

93

CapAdd

80

ReadOnly

93

Tmpfs

47

Expose

67

Command

82

Entrypoint

Volumes

Logging

100

100

Healthcheck

58

SharedNetwork

100

PublicPorts

100

21

100

36

62

100

29 63

Cluster

86

90

Table 6.11: Property centric concerns scattering by applications in the dataset.
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Concern Average
Restart 92.74
Hostname 85.39
ContainerName 80.80
Image 80.53
Cluster 73.00
Logging 72.00
Build 71.85
Expose 62.17
Environment 57.43
PublicPorts 52.42
Entrypoint 39.67
Volumes 36.50

Table 6.12: Property centric concerns scattering average values by concern.

The Restart concern is usually meant to be a global policy which explains its high
average scattering of 92.74%. The reason for which it does not reach 100% is sometimes
explained by a legitimate exception but most of the time it comes from an error of
description that is due to the need in languages of the classical model to repeat for each
service an identical property. The probability of error is then proportional to the size of
the application and then lessen in the same order of magnitude when using a concern
oriented ADL alongside induced redundancy reduction and coherence increase. The
Logging policy is analogous to the Restart policy with a lower average scattering value of
72% explainable by some applications storing only logs of specific microservices or to the
contrary not storing logs of microservices whose purpose is purely functional. The concerns
belonging to the naming pattern overarching concern are by nature highly scattered across
applications with values of 85.39% for Hostname, 80.80% for ContainerName, 80.53%
for Image and 71.85% for the Build concern. The Cluster and Environment concerns
have relatively high scattering with respective values of 73% and 57.43% indicating
the unclearness induced by the classical description model since even through analysis
we were not able to link the contained properties to explicit architectural structures
even though they encompass large portions of the applications and thus must contain
architectural significance for the original architect. The Expose and PublicPort concern
are at respectively 62.17% and 52.42% average scattering. The differ from the previously
mentioned values since their main purpose is not to provide coherence but to gather
sensitive and useful information in a single place. The PublicPort value is surprisingly
high, indicating that on average half of the microservices are reachable from outside
the application. On the other hand the Expose value is surprisingly low, indicating

that applications descriptions documenting the microservices’ reachable ports for other
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microservices in the application don’t do so in a coherent way, leaving more than a third

of microservices undocumented although they necessarily have reachable ports.

6.5.2 Architecture Pattern Concerns

Table 6.13 shows for each application the percentage of microservice pertaining to a

particular concern type.

If a concern is not used in the application description the

corresponding cell is left empty. Table 6.14 shows the average scattering values for each

concern type present multiple times

in the dataset. The applications that don’t have an

instance of the concern type are not included in the average calculation.

Concern blog-microservices | blogpost | consul | CQRS | hotelreservation | mediamicroservices | socialnetwork | ftgo-application | graphprocessing | LakesideMutual
ApiGateway 18.18 44.44 80.0 | 42.86 24.24 40.74 25.0

DatabasePerService 28.57 78.95 84.85 74.07

Distributed Tracing 54.55 47.37 39.39 44.44 25.0

Aggregator 33.33

SharedService 88.89
SharedDatabase 68.75 44.44

Messaging 45.45 33.33 42.86 62.5 22.22

CircuitBreaker 55.56

ExternalizedConfiguration 81.82 88.89 57.14 44.44
ApplicationMetrics 54.55 22.22 100.0 55.56
ServiceRegistry 63.64 77.78 | 100.0 | 57.14 47.37 62.5 33.33

AccessToken 54.55

ProxyServer 6.06

TransactionalOutbox 50.0

CQRS 42.86

LogAggregation

Concern microcompany | opendgs | PetClinic | PiggyMetrics | Pitstop | gbike | robot-shop | sockshop | TapAndEat | teastore | train-ticket
ApiGateway 54.55 40.0 35.71 30.77 | 50.0 41.67 46.67 71.43 61.76
DatabasePerService 57.14 53.33 28.57 73.53
DistributedTracing 50.0 50.0

Aggregator 42.86

SharedService 78.57 57.14
SharedDatabase 42.86 53.85| 70.0 66.67

Messaging 54.55 28.57 76.92 | 70.0 25.0 20.0 7.35
CircuitBreaker 54.55 42.86

ExternalizedConfiguration 90.91 70.0 64.29 100.0

ApplicationMetrics 54.55 70.0 42.86

ServiceRegistry 63.64 60.0 50.0 60.0 85.71
AccessToken 18.18 14.29

ProxyServer 13.33

TransactionalOutbox

CQRS 45.45

LogAggregation 76.92

Table 6.13: Architectural concerns scattering by application.
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Concern Average
LogAggregation 76.92
SharedService 74.87
Externalized Configuration 74.69
ServiceRegistry 63.43
DatabasePerService 59.88
SharedDatabase 57.76
ApplicationMetrics o7.1
CircuitBreaker 50.99
TransactionalOutbox 50.0
Distributed Tracing 44.39
ApiGateway 44.25
CQRS 44.16
Messaging 40.73
Aggregator 38.1
AccessToken 29.0
ProxyServer 9.7

Table 6.14: Architectural concerns scattering average values by concerns.

The ExternalConfiguration pattern has an average scattering value of 76.92% indi-
cating that when used it is implemented for the majority of services in the application
leaving some specific microservices with either local or no particular configuration. The
DatabasePerService reaches an average scattering value of 59.88% indicating that al-
though it is by nature a local pattern it is, when used, widely implemented through
the application leaving around 40% of microservices out of it which is explained not by
architectural inconsistency but simply by the absence of a need for a database. This expla-
nation is comforted by the approximatively same values for the SharedDatabase pattern.
This correlation tends to indicate that the proportion of microservices needing access to a
database is on average between 50% and 60%. The CQRS pattern which is another form of
shared databases reinforces that analysis with an average scattering of 44.16%. Another
deduction can be made about the ServiceRegistry pattern that reaches on average only
63.43% of the services in an application while it is meant to be the central communication
mechanism. That implies that a consequential third of the microservices are not relying
on the pattern to communicate either having communicational data hard coded or using
another centralized communication pattern. The Messaging pattern is an alternative that
is shown not to integrate the majority of microservices in the applications with an average
scattering of 40.73% and thus largely being used as a secondary mean of communication.
The observational patterns, ApplicationMetrics and DistributedTracing have average

scattering values of respectively 57.1% and 44.39% indicating that metrics observation is
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considered significant for a larger number of microservices than communication tracing
is, from which we can infer that the application core is relatively restricted. Ultimately
the SharedService pattern is scattered on average through 74.87% of the microservices.
Since that pattern is a construction meant to fill an identified communication relation
for which we were not able to determine a precise architectural function indicating the

necessity of a language that implements explicit architectural structures by design.

6.6 Service Tangling

Service Tangling represents how much a service is part of the different patterns in a
particular application. Because of that, and to the difference of scattering, it cannot be
directly generalised to a dataset of applications. Instead, and to keep the spirit of what

tangling measures, we decide to look at how much services are part of each concern types.

6.6.1 All Services

Table 6.15 shows the property centric concern coverage but to the difference of Table 6.5
it shows the proportion of microservices in the dataset covered by concerns instead of the

applications.
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Concern %
Image 68.21
Restart 52.78
Hostname 49.07
PublicPorts 48.15
Build 32.72
SharedNetwork | 24.69
Expose 24.07
Environment 19.75
ContainerName | 14.81
Entrypoint 9.57
Logging 8.95
Cluster 8.95
Volumes 5.25
CapDrop 4.32
ReadOnly 4.32
Deploy 4.01
CapAdd 3.7
Command 2.78
Healthcheck 2.16
Tmpfs 2.16

Table 6.15: Property centered concerns microservice coverage.

Unsurprisingly the PublicPorts concern is relegated but still reaches almost half
(48.15%) of the microservices in the dataset indicating that being opened to the exterior
is common which possibly implies unnecessary security risks. The Image concern is still
prevalent with 68.21% of microservices contained compared to the 32.72% of the Build
concern alternative. The Environment and Cluster concerns encompass respectively only
19.75% and 8.95% of the microservices indicating a limited part of remaining configuration
properties that while being shared were not identified as part of a pattern contrary to
their application presence of 42.9% and 28.6%.

However looking at the proportion of microservices participating in architectural
concerns makes less sense. The infrastructure microservices are by definition part of
the concern they are at the center of which makes the data unclear, also they are less
subject to be at the crossroad of other architecture concerns and most importantly there
is no obvious meaning that we can expect from that analysis. On the other hand that
approach applied only to business services can sketch a profile for their abstracted average

composition through the architectural patterns they take part in.
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6.6.2 Business Services

Before looking at the patterns business services are on average entangled in, it is instructive
to look at the repartition of business services in the dataset relatively to infrastructure
services. We consider business services as those not being at the center of an architecture
pattern. We exclude the Shared Service pattern as an appropriate distinction as it
can represent unidentified architecture pattern as well as a particular composition of
business microservices communication. Figure 6.7 puts in relation the proportion of

business services in the application as the absissa and as the ordinate the total number of

microservices.
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Figure 6.7: Relationship between proportion of business services (%) and number of
microservices.

No clear relation can be extracted from Figure 6.7 implying that the proportion
of business services is not dependent of the size of the application but rather of the
implementation choices of the architect. We can still extract the average proportion of
business microservices which in our dataset is of 49.9% thus implying an equal split with
infrastructure services.

Table 6.16 shows the coverage proportion of architecture patterns on business mi-
croservices in the dataset. From it we can extract that the most common business service
profile is constituted above all by being connected to a gateway (61.73%), often not being
connected to a database but if so, having its own dedicated database (35.19%) is two
times more likely that sharing a database (18.52%). Communication means are split
between service discovery through a registry (29.01%) and asynchronous communications
through a message broker (25.93%) with a little advantage for the former. Around half

the business microservices don’t have an explicit communication mechanism thus relying
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in the case of the source files on the integrated Docker DNS. Tracing (26.54%) and metrics
(12.96%) are only applied to a considerable minority.

Concern %
ApiGatewayPattern 61.73
DatabasePerServicePattern 35.19
ServiceRegistryPattern 29.01
Distributed TracingPattern 26.54
MessagingPattern 25.93
SharedDatabasePattern 18.52
ExternalizedConfigurationPattern | 15.43
ApplicationMetricsPattern 12.96
CircuitBreakerPattern 6.17
LogAggregationPattern 4.94
TransactionalOutboxPattern 4.32
CQRS_ Pattern 3.7
AccessTokenPattern 247

Table 6.16: Architecture centered concerns business microservice coverage.

6.7 Conclusion

In this chapter we have established the gain brought by the use of a concern-based language
to describe the architecture of microservice-based applications. Applying the COMSA
language on a dataset of 21 applications written in Compose we needed on average less
that one-third of the number of properties to express an at least equivalent description
of an application. In all cases a gain was observed and tended to be proportional to the
number of properties in the original description. This gain was reinforced by the ability
of a concern-based language to make certain properties implicit. This result directly
shows a gain in coherence as the use of a concern-based language allows to unify identical
properties meant to be unique properties in single places dedicated to the concern the
property pertains to. From it we can expect harder to measure gains such as increased
understandability and reduced error proneness.

Having established a dataset of applications written by applying the concern concept we
went on to analyse concern presence independently from our particular implementation
using our distinction between property centric concern, meant to express the application’s
policies, and architecture pattern concerns, meant to express the application’s topologies.
About property service concerns, we noticed that less than 40% of the applications had
a restart policy, that 42% of the application had multiple services sharing the same

environment properties and that for more than a fourth of the applications we were able
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to identify clusters of properties shared by multiple services without being able to tie them
to an identified concern. About architecture pattern concerns, we noted the prevalence
of the api gateway concern reaching more than tree quarters of the applications, the
equal split in communication pattern between messaging and registry both reaching more
than a half of application thus having a notable intersection and cumulative extension of
data access and storage patterns to 71% of microservices. From those considerations on
architecture pattern concerns repartition we propose the idea of a modular architectural
characterization of applications.

We analysed concern scattering among microservices in applications and observed that
restart policies had an average scattering of 92% hinting toward oversights due to language
limitations. We also noted that more than on average more than half of the microservices
had open ports hinting toward security deficiencies. The high average scatterings of
the cluster concern and the shared service concern indicate fundamental architectural
unclearness in the original descriptions.

While the analysis of concern presence provide insights about the underlying architectural
structures used to model microservice-base applications, it indicated in many cases error-
proneness or obscurity in the description that reinforces our claim for the benefits brought

by using a concern-based language for microservice architecture description.






Chapter 7

Conclusion and Perspectives

7.1 Conclusion

The microservice style has delivered most of its anticipated gains, becoming through its
merits an industry standard. Implementing an application with a microservice architecture
brings unique benefits on many levels among which scalability, fault tolerance, technol-
ogy freedom and continuous integration and deployment coming from independence of
development teams. All those radical improvements find their origin in a technical aspect
which is the independence of execution of microservices each being a distinct process
whose surface of contact with the other parts of the application is defined and limited to
a clear contract, making, from an outside viewpoint, the inner workings a black box.
However those appealing aspects of microservices come at a cost. The segmentation of
traditional monolithic programs into multiple smaller or even capability atomic programs
largely reduces or removes the risk of uncontrolled function coupling. However it transfers
the risk of architectural disarray to microservice organisation with the risk of a self
reinforcing negative loop of unnecessary coupling, unintelligible architecture, proliferation
of entities and unnecessary function calls.

Because no definitive method or tool has resolved this difficulty, architect must rely on
thoughtful prevision at design time in order to anticipate future architectural risks since
the one of the major benefits of microservice architecture is to limit drastically the need
for centralized decision. Indeed, one of the constraints of monolithic architecture was the
need of centralized or at least extensive coordination between teams working on different
parts of the same program, reducing that necessity to the minimum the microservice style
has made the evolutional control largely rely on developers decisions. To decide on local
decision while having the consequences on the entire system in mind it is necessary to first
dispose of a simple view of the application. Architecture Description Languages dedicated
to microservice applications are meant to provide that global abstraction.

The current landscape of microservice ADL is composed of solutions largely sharing the

same underlying model where descriptions consist of a list of microservices focusing more
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on the component composition than on the application topology. From that realization we
proposed in this thesis a new model extending the one we observed in other microservice
ADLs by adding new structure as first class citizen representing the meaningful aspects of
the architecture. With this perspective in mind, we used the Concern concept to give its
semantic to the structure, which has been the subject of a long reflection in informatics
and that aims to group and separate elements in function of architectural appartenance.
To achieve that aim, the structure we propose associates sets of microservices with sets
of properties pertaining to a particular interest effectively removing concern scattering
between microservice descriptions. The corollary is a shift toward coherence happening
by unifying properties meant to be unique but that would appear as distinct identical
redundant properties in the already existing model. One historical difficulty of Concerns
in programming is the non obvious way of merging the elements they contain as part of
lower level, concretely executable, elements. That problem being linked to the importance
of the order of statements in procedural programming we decided that our model was
only relevant in a declarative context.

Having established a new model for microservice application architecture description, we
went on to develop the Concern Oriented Microservice Architecture language out of it
by developing a concrete syntax. We used Pkl, a new programming language oriented
toward configuration to determine file structure and define objects representing the con-
cerns specific to microservice architecture. The central elements of our language are the
Concerns implemented as a tree of classes whose root is the Concern class. To make
our language useful, we established a library of reusable concerns represented as children
classes of the Concern parent class. Besides the principal benefit of expressing clearly the
architectural construct, specific Concerns allow to remove explicit expression of induced
properties, lightening the description. Establishing that hierarchy brought us to further
our reflection and propose a new dichotomy of architectural entities having on one hand
concerns centered on a property and on the other concerns centered on a service. We
then realized that technical services could be distinguished from business services in a
syntactic way, realizing that they were by nature at the center of a pattern.

We then developed a toolbox to support the COMSA language and first and foremost
compilers targeting executable languages. We decided on Compose and Kubernetes, both
declarative deployment languages, to avoid the flaw previously mentioned of other mi-
croservice ADLs whose compilers produce procedural business code needing modification
and restricting technology freedom. We ensured that any description made in COMSA
would be compiled to an equivalent description in target languages and be immediately
executable. That way COMSA can be considered an executable language and a viable
replacement for any deployment language for which a compiler has been developed. Vi-
sualisation is another asset of our toolbox with one representing Concern microservice
extension, allowing to get a quick representation of the system and spot inconsistencies,

another describing the application deployment plan and online connections based on
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the patterns expressed in the textual description. Finally, we propose a set of analytic
tools providing metrics, error checking, and architectural informations about COMSA
application descriptions.

While we were confident in the gains provided by the COMSA language, we needed to
measure it on real world applications. To that effect, we produced COMSA descriptions
of 21 applications from a curated dataset using their Docker Compose description. The
first metric we looked at is the number of properties needed for expressing applications
descriptions in COMSA that were at least equivalent to their original files. We found that
for all applications using COMSA provided substantial gain, with an average of tree times
less properties contained in the COMSA description. That result directly confirms the
coherence gain and hints strongly on consequential qualitative gains namely maintain-
ability, error resilience and most importantly understandability. We used that dataset
of COMSA expressed applications to extract insight relative to spreading of Concerns
in microservice applications. For instance, we observed the limited application of restart
policies or the wide usage of the API gateway pattern. We propose a characterization of
application through sets of implemented patterns showing the widely spread presence of a
modular API gateway application parametrized by the communication type and the data
storage and access mode.

In summary, this thesis proposes a new paradigm to describe the architecture of microser-
vice application, whose semantic revolves around the Concern concept to represent as
first class citizens the chosen structures and intents of the architects, for which a concrete
syntax resulting in COMSA, a new executable deployment language was developed. The
language is completed by a library of reusable Concerns and an extensible toolbox making
it an immediate and viable alternative to existing solutions. The benefits this new ap-
proach have been shown by the substantial gain in needed properties to express equivalent
architectures indicating substantial advantages in terms of coherence, understandability,
maintainability and error resilience. This result has been established through the creation
of a dataset of applications descriptions in COMSA which consequently permitted an
analysis of real world microservice applications relatively to Concerns such as policies and

design pattern.

7.2 Perspectives

In this thesis, we presented COMSA a new language to describe the architecture of
microservices applications. Some improvements and extensions could be made but we are
confident in affirming that at time of writing the language is immediatly usable with solid
theoritical foundations, a coherent concrete syntax, an extensive and easily expandable
concern library and compilers not only adapted to its current state but able to process
any extensions users might find relevant. Less fundamental but useful tools have been

developped and we find that most of the future improvements should revolve around the
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toolbox extension. We categorized this chapter by research orientations, indicating the

perspective they offer in tool realisation.

7.2.1 Architecture Reconstruction

We spent some time trying to develop an offline tool to extract the structure of applications
described in Compose to automatically propose a Concern based description which
would obviously be a detemining factor to obtain adoption of the COMSA language.
Unfortunately our efforts were not successful and we didn’t manage to propose a viable
solution. The major difficulty was that a same pattern, identifiable through human
analysis, can emerge from very different sets of properties. We were not able to extract
enough generality for complex patterns in their related properties accross applications to
be able to detect them in application the detecting algorithm had no prior knowledge of.
Online analysis is more direct in that regard but unsatifying in our view as we aimed at
producing a quasi immediate proposition without technical restrictions such has having
the infrastructure to run large microservice systems. Although we were disapointed we
still think that this tool is realisable and that its success relies mainly on dataset size,
and analysis of the properties constituting specific concerns. Given the time, we would

also try Al categorization algorithms.

7.2.2 Behavior, analysis and evaluation

We touched on Concern behavior and its implications on compilation, architecture analysis
and error warning with two different aspects of the language: behaviors and constrains.
Those two aspects have the same source, the identification of the specific essence of
Concerns which permits to derive execution properties while keeping them implicit in the
description, suggest improvements to the architect and warn of potential architectural
defects. Concern-based architecture description is limitless in terms of behavior imple-
mentation, staying at the heart of the microservice spirit by abstracting architectural
structures, not infringing on technological freedom. However behavior implementation
require deep understanding of each pattern and careful transcription into the language.
Indeed mistakes in this domain are much worse than no implementation. The former
has the potential of locking the user in faulty structures while the latter simply relies on
user knowledge. Those dangers have been mitigated by creating behaviors as modules of
Concerns that are sometimes affected by default but can always be deactivated. We are
confident that if done carefully work on this aspect of the language can bring many benefits
while keeping its generality and openness to specific systems and future evolutions. Static
analysis leading to architecture evaluation, positive suggestions and mistakes corrections
are realistic expectations but another major domain of application would be operation
management through implication of online rules for orchestrators such as Kubernetes

controllers.
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7.2.3 Representation

The main pragmatical aim of the creation of the COMSA language is to propose an
easy understanding of the system while alleviating design work instead of adding an
additional burden of maintaining a comprehensible side documentation that is because
of the dynamic nature of the microservice style always behind, to a larger or lesser
degree, the actual state of the application. To that effect we set ourselves on reconciling
documentation and executable code and decided on deployment and operation code
because of its often declarative nature and its holistic view. However the fastest way
to get a global high level view of the system is still a graphical representation. Having
ensured the equivalence between execution code and textual description, we added tools
producing visual representations based on the textual description leaving no possible
discrepancy between the two. However much work can still be done to expand the visual
representations of Concern based descriptions, in particular by providing dynamic view of
the system in different levels of abstractions and by incorporating more relevant behavioral
visual components.

KubeDiagrams[67] is remarkable instance of a graphical tool akin to our proposition
whose origin is traceable to the work done on the COMSA graphical representation.
Developed by Philippe Merle, the director of this thesis, it has reached quick adoption
in the cloudnative community because of the relevance and usefulness it brings through
graphical kubernetes resources regrouping and organization. Bridging the gap between the
high level Concerns of COMSA and relatively low level ressource gathering and hierarchical
order of KubeDiagram will require extensive work and careful consideration but promises

a long lasting representation of microservice application architectures.

7.2.4 Compilers and Language Extension

A natural addition to the the toolbox would be adding compilers targetting other deploy-
ment and operation languages such as Nomad[40]. More generally we chose the attributes
of microservices as defined by the Compose specification for our service description as we
felt they capture the core of what microservices are from a deployment and operational
viewpoint adding little properties that were specific to the underlying execution software.
This choice has the major benefit to provide easy access to the user due to the popularity
of Compose but may limit the quality of the translation toward other execution languages.
For that reason it would be of interest to apply the same logic used to create the COMSA
language using different basis for service description, e.g., Kubernetes, or even try for a

greater level of generality.
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Appendix A

Microservice Architecture Design

Patterns

A.1 Diversity of Design Patterns

Adopting the microservice architecture style has impacts of different natures going from
team organization to infrastructure management through code design and security concerns.
Because of that a number of design patterns of different natures have emerged. Table A.2
presents an overview of well known design patterns used in microservices applications
categorized by they overarching concern [87] and is followed by a short description for

each of them.
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Figure A.1: Microservice Architecture Patterns Topology [85]
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Category Concern Patterns
Decomposition Decompose by Business Capability,
.. Decompose by Subdomain, Self-contained
Application . .
Patterns Service, Service per Team
Data Patterns Database Architecture: Shared DB vs DB
per Service; Querying: API Composition vs
CQRS; Maintaining Data Consistency: Saga,
Aggregate, Event Source, Domain Event
Testing Consumer-Driven Contract Test,
Consumer-Side Contract Test, Service
Component Test
Ul Server-Side Fragment Composition,
Client-Side Fragment Composition
Observability Audit Logging
Cross-cutting Service Template, Microservice Chassis,
Application Concerns Externalized Configuration
Infrastructure Security Access Token
Patterns Deployment Serverless Deployment
Communication Transactional Messaging: Transactional
Patterns Outbox, Log Tailing, Polling Publisher;
Communication Style: Messaging vs RPC vs
Domain-Specific; Reliability: Circuit Breaker;
External API: API Gateway vs Backends for
Frontends
Observability Application Metrics, Distributed Tracing,
Health Check API, Exception Tracking, Log
Aggregation, Log Deployment and Changes
Infrastructure Deployment Single Service per Host vs Multiple Services
Patterns per Host, Service Deployment Platform,
Service-per-Container vs Service-per-VM,
Sidecar, Service Mesh
Communication Service Registry, Server-Side Discovery, 3rd
Patterns: Discovery | Party Registration

Table A.2: Microservices design patterns
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A.2 Application patterns

Decomposition Ways of decomposing an application into microservices.

e« Decompose by Business Capability: Model the microservice application on
the business activity of the company without spreading capabilities among multi-
ple microservices but instead allocating one or several capabilities to strictly one

microservice.

o Decompose by subdomain: Model the microservice application on the different
subdomains that are key to it functioning. Some subdomains may not be mappable
to business capability but necessary to perform business actions (e.g. specialized
mathematical operations, data storage...). In such a decomposition such sets of

related functionalities are grouped and implemented as a service.

o Self-contained service: Service does no wait on neighbor’s answers for continuing
its execution, queries are logged into a database so that even though a microservice

can be unavailable it will be able to recover missed queries from it.

» Service per team: Each microservice is assigned to a unique team of a relatively

small size.

A.3 Data Patterns

o« Database Architecture:

— Shared Database: different microservices sharing databases. Usual ACID
transactions are used making the system simplier to design, develop and operate.
On the other hand independance of microservices is reduced limiting the gains

microservice architecture brings.

— Database per Service: each database is owned by a single microservice. The
pattern keeps microservices loosely coupled, preserving team independance.
On the other hand queries distributed among multiple databases are made

considerably more difficult.

e Querying:

— API Composition: In a context of "database per service" pattern. A specific
microservice (e.g. API gateway) queries multiple microservices with dedicated

databases to form a composed response.

— Command Query Responsability Segregation: In a context of "database
per service' pattern. Modifying actions and querying are managed by different

microservices. The microservice answering queries has a database that mirrors
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the modifiable database. The query database can unify multiple microservices
dedicated databases, keeping independence intact while alleviating the network

load of distributed queries.
o Maintaining Data Consistency:

— Saga: In a context of "database per service" pattern. For actions that implies
multiple microservices, decompose the action in a sequence of smaller actions
each local to one microservice. Apply the modifications at each step as long as
the local action is successful. The failure of a local action stops the sequence
and starts another sequence of compensating actions that undoes the preceding

modifications.

— Event Source: Instead of having objects being the composition of multiple
current data states, they are the result of series of events emitted by microser-
vices to an event store. It solves the problem of having events published in the
wrong order by saving every past event. A problematic effect of using event
sourcing is the request complexity and request load of constructing objects
from all past events. Can be used with the SAGA pattern and usually needs
the CQRS pattern to alleviate load on the event store.

A.4 Testing

e Service Integration Contract Test: Tests are written by the teams using the

microservices, not the team developing it.

» Service Component Test: Having test doubles (analogous to mock class) for

every microservice invoked as a result of test a particular microservice.

Ul

» Server-Side fragment composition: Composition of the displayed webpage is

done Server-Side.

o Client-Side Fragment Composition: Composition of the displayed webpage is
done Client-Side.

Observability Audit Logging: Record user activity in databases.

A.5 Application Infrastructure Patterns

Cross-cutting Concerns
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o Service Template: Having a simple runnable service whose code is the basis to
expand on in order to implement needed functionalities. It serves as a way to speed

up production while having with a starting point implementing best practices.

e Microservice Chassis: A framework for microservice development that is an
assembly of technologies implementing of the shelf functionalities that are relevant
to microservice architecture. This framework makes updating libraries easy and

standardized.

« Externalized Configuration: Having all configurations elements dissociated from
application by having values stored in configuration files. The benefits are that
changing the environment does not imply code modification and separation of

business and configurations concerns.

A.6 Security

o Access Token: In an api-gateway pattern context. Having the gateway manage
the initial authentication then passing a token to microservices so that they can
verify through a centralized credential store if the request is legitimate (authenticity

check and access control).

A.7 Deployment

» Serverless Deployment: Using a provider that furnishes functions entirely hiding
the underlying infrastructure. Can be used as an alternative to microservice archi-
tecture, as a particular implementation or in combination with it. It provides some
easiness in usage, scaling performance and possibly reduces costs. On the downside
it reduces technology freedom, limits greatly infrastructure configuration and can

be costly in terms of latency.

A.8 Communication Patterns

« Transactional Messaging

— Transactional Outbox (or application events): To publish an event
indicating a change in a database, using an auxiliary co-located database (name
outbox) that store the changes. The modification of the database and the
outbox are made atomically so published events and database state are assured

to be eventually consistent. Two ways of publishing transactions are possible :

*x Polling Publisher: A service is regularly polling the outbox to publish

new transactions to a message broker.
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*x Transactional Log tailing: Another co-located process mines the outbox

transaction logs an then publishes changes to the message broker.
o« Communication Style :

— Messaging: Asynchronous communication done through sending messages
- documents, commands or events - over channels i.e. abstraction of the
infrastructure representing ways to communicate. Although messages can be
sent directly from one microservice to another, a common form of messaging
is to use a message broker. The message broker is a service that acts as an
intermediary, storing messages until recipients consumes it. That way location

and availability are not important to the sender.

— Remote Procedure Invocation: Synchronous, point to point, communica-

tion used to invoke functionalities.

« Reliability: Circuit Breaker: In a synchronous communication context. If a number
of requests have failed, a timeout is applied during which all incoming requests are
rejected.

e External API:

— API Gateway: Having a microservice being the single entrypoint for the

entire applications.

— Backends for Frontends: Having a different microservice as entrypoint for

each kind of clients all build on top a common API layer to interact with the
backend.

A.9 Observability

e Application Metrics: Services gather metrics during execution. The metrics are
then pulled by a server that collects all microservices metrics or pushed by each

microservice to the metrics server.

o Distributed Tracing: When treating an external request, assign an id to it that
is transmitted to every microservice involved in the request. When producing logs,
the microservices save the request id so that the trace of the request throughout the
system can be identified.

o Log Aggregation: Having a service centralizing the logs of every other service in
the application.

o Exception Tracking: Having a centralized exception service that receives excep-
tions from all services as they occur.
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o Health Check API: Having services expose a health endpoints indicating different
values about its status. A centralizing service invokes all health endpoint to have a

global view of the status of the application.

e Log Deployment and Changes: Log every deployment and changes in the

application so that errors can be put in relation to them.

A.10 Infrastructure Patterns
e Deployment

— Single Service per Host: The service is deployed on a dedicated host
(physical or virtual) ensuring isolation and resource availability at the cost of

resource efficiency.

— Multiple Services per Host: The host (physical or virtual) runs multiple
services allowing better resource efficiency at the cost of isolation and resource

availability.

— Service Deployment Platform: Using a deployment solution providing in

built functionalities e.g. load balancing, scaling, service discovery...

— Sidecar: Having another process running alongside a service that handles a

particular, often technical, aspect.

— Service Mesh: Having a sidecar proxy for all microservices instances that
manages a range of tasks relative to networking. A centralized control plane
component manages the proxies allowing to control network at application

level.
e Communication Patterns:

— Service Registry: A database of microservices running instances that is
queried to allow communications. The service registry is often responsible
for performing health checks so that it provides only locations of available
microservices instances. Microservices need to be registered in the service

discovery and can do so in two ways:

*x Self Registration: The microservices are responsible for registering

themselves in the service registry at startup.
x Third Party Registration: A dedicated process or service is responsible
for registering the service at startup. While making the architecture more

complex, it lightens the code of the application.

Different patterns can be used relatively to how to query the service registry

for service discovery:
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x Service-Side Discovery: The service directly queries the service registry
to discover the location of a target service. Services host a local registry

to limit the network load of querying the service registry.

* Server-Side Discovery: The service transmit its request to a router that

is responsible for locating and transmitting requests to the target services.

Those patterns give an idea of what could be expressed in a microservice ADL as
they are architectural choices. Being able to identify which ones are being used and
which microservices pertain to them would be a way not only to give an understanding
of the application logic but also to state and ensure constrains that span over multiple

microservices.



Appendix B

Toolbox

This section describes the different functionalities of the toolbox to be used on .comsa
files. With compiling, analysis and graphical representation, it provides complete support
for the COMSA language.

Installation and usage of the toolbox is described in the COMSA Github repository *
[42]. Tt is proposed as a Docker image that can either be pulled from DockerHub or built
from the GitHub repository or as an executable Python script named comsatools. The

commands presented in the following sections use the comsatools executable.

B.1 Compilers

The central components of the toolbox are the compilers. Docker Compose and Kubernetes
have been selected as target languages because of their popularity, but more importantly
because of their declarative nature and executability which, through compilers makes
COMSA an executable language. Since all expressible properties in both target languages
are expressible in the COMSA language it makes COMSA a possible alternative for them.

B.1.1 comsa2compose-yaml
Usage

Compile the application expressed in COMSA toward the Compose language with YAML
concrete syntax. Because of that it is directly executable using Docker Compose.

Example Command:

comsatools comsa2compose-yaml examples/teastore.comsa

Output:

thttps://github.com/hmonfleur /comsa
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version: ’3’
services:
persistence:
depends_on:
db:

- 73306’
image: descartesresearch/teastore-db
ports:
- 3306:3306

networks: {3}

Implementation

Listing B.1 shows how to structure the Pkl schema to produce a Docker Compose file

from a .comsa file.

import "$(pkl-uri $1)" as template
tmp_concerns= (template.computeConcerns(template.concerns))
output {
renderer = new YamlRenderer {}
value = new {
version = template.version
services = template.computeServices(template.services, tmp_concerns)
networks = template.computeNetworks(tmp_concerns)
volumes = template.computeVolumes(template.volumes, tmp_concerns)
secrets = template.secrets
configs = template.configs

Listing B.1: Schema for to convert .comsa files to Docker Compose files.

The process consists in adding an extension to the original file that defines an output
section defining the structure of the output of the pkl evaluation. The format of the
file is deteminated by instantiating a Pkl built-in renderer class. Here the class being
YamlRenderer the result will be a Yaml file. The semantical content of the produced file
is contained in the value attribute where the appropriate root attributes of a Docker
Compose file are indicated. The most important value is the one assigned to the services
attribute that uses the function computeServices to generate compose services from the

Concern objects declared in the .comsa file.

function computeServicesModified(
service_mapping: Mapping<String, Service>?,
concern_mapping: Mapping<String, Concern>?)
: Mapping<String, Service>

Listing B.2: compute_services function in comsa module

Listing B.2 shows the signature of the computeServices function, indicating that

it takes a Mapping with Concerns as values and returns a Mapping with Services i.e.
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Docker Compose services. The usage of the function in Listing B.1 consists in merging all
the partial definitions of services declared as parts of Concern objects in the .comsa file.
That function is applied to the result of the computeConcerns function whose result has
been stored in tmp_concerns that simply adds to the other declared concerns the ones

declared through Multiconcerns objects.

B.1.2 comsa2compose

The comsa2compose command also compiles . comsa files to the Compose language but
keeps the Pkl syntax instead of adopting the Yaml syntax. Its logic is identical to
comsa2compose-yaml but does not use a YamlRenderer.

Example Command:

comsatools comsa2compose examples/teastore.comsa

Output:

version = "3"
services {
["persistence"] {
deploy = null
build = null

B.1.3 comsa2yaml

The comsa2yaml command compiles the . comsa file to the COMSA language but using the
Yaml syntax. Its logic is identical to comsa2compose-yaml but instead of producing a Com-
pose description it produces a COMSA description simply not using the computeServices
function and having a concerns attribute.

Example Command:

comsatools comsa2yaml examples/teastore.comsa

Output:
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version: ’3’°
concerns:
DescartesresearchTeastore Images:
services:
persistence:
main_service: {}
main_service_aliases:
- {}
service_aliases:

- {r

B.1.4 comsa2k8s

Compile the application expressed in COMSA-PKkI to a Kubernetes manifest with YAML
concrete syntax. Because of that it is directly executable using Kuberbetes.

Usage

Example Command:

comsatools comsa2k8s examples/teastore.comsa

Output:

apiVersion: apps/vil
kind: Deployment
metadata:
labels:
app: teastore
service:
port:
number: 3306
name: db
pathType: Prefix

Implementation

Listing B.3 shows how to structure the Pkl schema to produce a Kubernetes manifest

from a .comsa file.

amends "modulepath:/compose2k8s.pkl"

import "$(pkl-uri $1)" as template

resources = module.compose2k8s("$(basename -s .comsa $1)", template.
computeServicesModified(template.services, template.computeConcerns(
template.concerns)))

Listing B.3: Schema to convert .comsa files to Kubernetes manifests.
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A first step in the conversion is to compute services using the computeServices on
the application Concern objects. The result is then converted to a Listing of Kubernetes
ressources using the compose2k8s function defined in the compose2k8s.pkl module and

whose signature is shown in Listing B.4.

function compose2k8s(
app_name: String,
services: Mapping<String, compose.Service>)
: Listing<K8sResource>

Listing B.4: Signature of the compose2k8s function.

The function makes use of the Pkl built-in definition of the Kubernetes ressources.

B.1.5 convert2pkl

Convert a Compose file from a Yaml syntax to a Pkl syntax. The executable is a Python
script that requires the PyYaml module.

Example Command:

comsatools convert2pkl examples/teastore.yml

Output:

amends "modulepath:/compose.pkl"
version = "3"
services {

["registry"] {

image = "descartesresearch/teastore-registry"
ports {
"8080:8080"
b
b
3

B.1.6 compose2yaml

Compile the Compose application from a Pkl to a YAML concrete syntax. Opposite
process to convert2pkl using Pkl YamlRenderer built-in object.

Example Command:

comsatools compose2yaml examples/teastore.pkl

Output:
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version: ’3’
services:
registry:
expose:
- 28080’

expose:
- ’8080°

image: descartesresearch/teastore-webui

ports:

- 8080:8080

B.1.7 compose2k8s

Compile the application expressed in Compose-Pkl to a Kubernetes manifest with YAML
concrete syntax. Corresponds to the last step of comsa2k8s.

Example Command:

comsatools compose2k8s examples/teastore.pkl

Output:

apiVersion: apps/vl
kind: Deployment
metadata:
labels:
app: teastore
service:
port:
number: 8080
name: webui
pathType: Prefix

B.2 Analysis

B.2.1 comsa-analysis

Static analysis of a COMSA-PXKI file, provides architectural informations.

Example Command:

comatools comsa-analysis examples/teastore.comsa

Output:
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File: examples/teastore.comsa

Services are ’persistence’, ’auth’, ’image’, ’recommender’, ’webui’, ’registry
>, ’db’.

Technical services are ’webui’, ’db’, ’registry’.

Business services are ’persistence’, ’auth’, ’image’, ’recommender’.

[Info] No application metrics pattern.

[Info] No distributed tracing pattern.

[Info] No shared database pattern.

[Warning] ’auth’, ’image’, ’recommender’ have not its own database!
[Info] No CQRS pattern.

B.2.2 comsa-check SOURCE

Static analysis of a COMSA-PKI file, provides architectural informations, warnings and
erTors.

Example Command:

comsatools comsa-check examples/teastore.comsa

Output:

File: examples/teastore.comsa

[Info] services.persistence: neither an image nor a build context specified
[Info] services.persistence: depends on undefined service

[Info] services.persistence: no healthcheck configured

[Info] services.persistence: refers to undefined network

[Info] services.db: refers to undefined secret

[Info] services.db: ‘scale‘ is deprecated. Use the ‘deploy.replicas‘ element
[Info] services.db: can’t use both ’scale’ (deprecated) and ’deploy.replicas’
0 errors

0 warnings

B.2.3 comsa-metrics SOURCE

Static analysis of a COMSA-PXKI file, provides metrics relative to concerns used or unused
in the application.

Example Command:

comsatools comsa-metrics examples/teastore.comsa

Output:
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file = "examples/teastore.comsa"
statistics {
concerns = 6
property_centric_concerns {
all = 2

other_patterns = 0

}
other_concerns = 0

}

B.2.4 comsa-scattering

Static analysis of a COMSA-PKI file, provides metrics relative to the scattering of individual
Concerns in the application. Can be used with the -v flag for more detailed information.

Example Command:

comsatools comsa-scattering examples/teastore.comsa

Output:

scattering {
["DescartesresearchTeastore Images"] = 100
["Registry"] = 86
["WebUI"] = 71
["Persistence"] = 43
["Database Per Service Pattern"] = 29
["Public Ports"] = 29

B.2.5 comsa-tangling

Static analysis of a COMSA-PXI file, provides metrics relative to the tangling of individual
Services i.e. the degree to which Services are shared among Concerns. Can be used with
the -v flag for more detailed information.

Example Command:

comsatools comsa-tangling examples/teastore.comsa

Output:
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tangling {
["persistence"] = 83
["webui"] = 67
["recommender"] = 67

["image"] = 67
["db"] = 50
["auth"] = 50
["registry"] = 33

B.2.6 comsa-type-scattering

Static analysis of a COMSA-PKI file, provides metrics relative to the scattering of types of
Concerns in the application. Can be used with the -v flag for more detailed information.

Example Command:

comsatools comsa-type-scattering examples/teastore.comsa

Output:

scattering_by_type {
["ImageConcern"] = 100
["ServiceRegistryPattern"] = 86
["ApiGatewayPattern"] = 71
["SharedService"] = 43
["DatabasePerServicePattern"] = 29
["PublicPortsConcern"] = 29

B.2.7 compose-metrics

Static analysis of a Compose file in YAML concrete syntax, provide global metrics relative
to properties.
Example Command:

comsatools compose-metrics examples/teastore.yml

Output:

File: examples/teastore.yml
#services = 7

#properties = 28
#depends_on = 0
#links = O

#x-connects_to = 0
#x-sends_to = 0

#similar properties = 23
#unique properties = 9
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B.2.8 compose-check

Static analysis of a Compose file in Pkl concrete syntax, provides architectural informations,
warnings and errors.

Example Command:

comsatools compose-check examples/teastore.pkl

Output:

File: examples/teastore.pkl

[Info] services.registry: neither an image nor a build context specified

[Info] services.registry: depends on undefined service

[Info] services.registry: no healthcheck configured

[Info] services.registry: refers to undefined network

[Info] services.webui: refers to undefined secret

[Info] services.webui: ‘scale‘ is deprecated. Use the ‘deploy.replicas®
element

[Info] services.webui: can’t use both ’scale’ (deprecated) and ’deploy.
replicas’

0 errors

0 warnings

B.3 Graphical Representation

B.3.1 topology

Generate an image of a graph representation of the topology from the architectural
patterns used in a COMSA file in .comsa format. Since we already provided the Teastore
topology graphical representation in Figure 5.1 we present the graphical representation of
the Social Network application which is considerably larger.

Example Command:

comsatools topology examples/deathstarbench_socialnetwork.comsa

Generated image:
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Figure B.1: Representation of the topology of the Social Network application.

B.3.2 hypergraph

Generate an image of an hypergraph representation of the concerns in a COMSA file in
.comsa format.

Example Command:

comsatools hypergraph examples/teastore.comsa

Generated image:
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Figure B.2: Hypergraph representation of the Teastore application.
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B.3.3 hypergraph-policies

Generate an image of an hypergraph representation of the policies in a COMSA file in
.comsa format from the property centric concerns used in it.

Example Command:

comsatools hypergraph-policies example/openbgs.comsa

Generated image:
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Figure B.3: Hypergraph representation of the policies in the Open5gs application.

B.3.4 compose2diagram

Generate an image from a Compose file in YAML format, represent the services, their
deployment dependency (using the depends_on attribute) and their online connection
(using the x-connect-to attribute).

Example Command:

comsatoosl compose2diagram examples/teastore.yml /tmp

Generated image:
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Figure B.4: Diagram of the Teastore application from original file.

The generated image is less than satisfying. That’s because the original description of
the Teastore applications in Compose YAML does not contain any depends_on attributes
for services.

However if we use the following command :

comsa2compose-yaml examples/teastore.comsa 1> /tmp/
teastore_compose_from_teastore_comsa.yml

We generate the Compose YAML file with generation of depends_on and
x-connect-to attributes that are implicit in most MicroserviceArchitecturePattern

concerns. We can then use the following command to generate the diagram:

compose2diagram /tmp/teastore_compose_from_teastore_comsa.yml /tmp

Generated image:
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Figure B.5: Diagram of the Teastore application from Compose file generated from

COMSA file.

Gray lines represent deployment dependency. Red lines represent online dependency.

B.4 Tests

B.4.1

eval_all

Tests most of the previously mentioned on the files in the dataset folder and stores the

outputs in the generated folder (created if not present). Indicates faulty commands.

The executable is located in the tests folder and can be launched using the following

command from the root folder:

./tests/eval_all

Output:

Convert Compose yml files to Compose pkl
convert2pkl on 31 files:
DONE

IS

s |Convert pkl comsa files to yaml comsa files
comsa2yaml on 25 files:
30 | DONE

NN
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B.5 IDE integration

Since COMSA is written with Pkl language, it benefits from the entire Pkl toolchain.
Notably Pkl provides an excellent IDE plugin for Intellj IDEA [49] into which the comsa
module can be imported to provide syntax highlighting, checking and text completion.
Support for other text editors have been developed but is less extended.

It is first necessary to install the Pkl plugin for Intellij IDEA. To do so refer to the
toolbox section of the Pkl Language website?. Then you need to locally have a folder

on your computer containing the files comsa.pkl and compose.pkl. And begin your
COMSA file with the following lines:

//IDE
extends "/path/to/comsa.pkl"

Listing B.5: Import for IDE support of .comsa files.

Note that the //IDE (alternatively // IDE) is mandatory. It instructs comsatools
to remove this line.

You can now enjoy complete IDE support.

https://pkl-lang.org/intellij /current /installation.html



https://pkl-lang.org/intellij/current/installation.html
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