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The Monolithic Architecture (1/2)

 Definition: A Monolith is a single unit of deployment.

Monolith

Single Process Monolith Modular Monolith

- Lack of scalability

- Highcoupling rimm | veneie
:M: LAVAL

« Simple development process




The Monolithic Architecture (2/2)

Overview of SoundCloud’s first architecture (2007) [1]:

Internet -> Web (Apache) -> App (Rails) -> Data (MySQL)

Overview of SoundCloud’s last monolithic architecture (2012) [1]:
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[1]1 Sean Treadway: https://developers.soundcloud.com/blog/evolution-of-soundclouds-architecture
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The Microservices Architecture (1/2)

* Independent deployability
e Business Domain Driven
 Small microservices

* Modularity

Horizontal Scalability

Robustness

Technology diversity

+

Clear isolation

Convient for cloud and devops

Microservices

()

User Interface

Microservice Microservice

Microservice

Microservice

Database

Microservice

Database

Database

- Implementation complexity
- Deployment overhead

- Adapting to new workflows




The Microservices Architecture (2/2)
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Overview of SoundCloud’s microservices’
architecture (2024) [2]: Value-added

Service Layer
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Foundation
Service Layer
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[2] Stephen Sun: https://www.fullstackexpress.io/p/evolution-soundcloud-architecture-final ::ﬁ: UNIVERSITE
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Migrating from the Monolith to Microservices: what is it?
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Migrating from the Monolith to Microservices: Why?

Why migrate from a monolith to microservices

« Scalability
 Development productivity
* Modernizing legacy application



Migrating from the Monolith to Microservices: How?

A. Initiation

B. Planning

C. Execution

D.
Monitoring

mmmmmmm
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Migrating from the Monolith to Microservices: Challenges

A. Initiation

B. Planning

C. Execution

D.
Monitoring

Expensive

Lengthy
Lack of experience
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Migrating from the Monolith to Microservices: Who?
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Decomposition approaches: Definition

A decomposition approach is a solution that partitions the components of a
monolithic application (OOP classes, method, database tables, etc) into a set of
potential microservices.

A. Initiation B. Planning C. Execution D. o e

Monitoring NEMINE S =71

- S

Vi Sarvica

1- Analysis 2- decomposition

Q W
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Decomposition approaches: Advantages

12

Improve and evolve instead of refactoring

Lower migration costs

Ability to experiment before committing

A starting point for traditional migration processes

Unigue perspective on the representation of the monolith



Decomposition approaches: Analysis (1/3)

/ Monolithic application \
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Decomposition approaches: Analysis (2/3)

Execution traces + dynamic analysis

/ Use case 1

Use case 3\

-

Source code + static analysis

Use case 2
UserSession UserSession Cart
AccountDao Cart BaseAction
Account CartItem Order
BaseAction OrderDao
Called

/

Mono2micro [3]

FoSCI [4]

Process Mining Decomp [5]

CoGCN [6] + Deeply [18]

toMicroservices [17]

public Cart() {
this.itemList.setPageSize(4);

}

public Iterator getAllCartItems() { return itemList.getSource().iterator(); }
public PagedListHolder getCartItemList() { return itemList; }
public int getNumberOfItems() { return itemList.getSource().size(); }

/* Public Methods */

public boolean containsItemId(String itemId) {
return itemMap.containsKey(itemId);
}

public void addItem(Item item, boolean isInStock) {
CartItem cartItem = (CartItem) itemMap.get(item.getItemId());
if (cartItem == null) {
cartItem = new CartItem();
cartItem.setItem(item);
cartItem.setQuantity(0);
cartItem.setInStock(isInStock);
itemMap.put(item.getItemId(), cartItem);
itemList.getSource().add(cartItem);
}
cartItem.incrementQuantity();
}

SArF [8]
Topic Modeling decomp [9]
MVC decomp [10]

Database + source
code

e
()

~N

®* CARGO [16]
® CHGNN [7]
¢ DataCentric [15]



Decomposition approaches: Analysis (3/3)

Design artifacts

Feature extraction

Commit history

Person Address
6
P i d Name Street
Phone Number 0.1 [livesat 15| City
5 Email Address State
Purchase Parking Pass Postal Code
4 I B Country
- Validate
3 Output As Label
2 Student
Professor
Student Number
Salary
Average Mark
1
Is Eligible To Enroll
8 9 10 1 12 13 Get Seminars Taken
: __

® Service Cutter [14]
® DataFlow Decomp [12]
®* AKF decomp [19]

® Code2Vec decomposition [11]
* MEM [13]
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Decomposition approaches: Decomposition (1/2)

/ Monolithic application
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Decomposition approaches: Decomposition (2/2)

Clustering Genetic Graph Neural
Algorithms Networks

MEM [13]
I\S/Iong mécrt? [3[]14] *CHGNN [7]
ervice Cutter °CO.
Topic Modeling [9] CO-GCN [6] + Deeply [18]
SATF [8] * FoSCI[4]

MVC decomp [10]
Code2Vec decomp [11]

DataFlow decomp [12]
FoSCI [4]



HierDecomp: Introduction

A Hierarchical DBSCAN Method for Extracting Microservices
from Monolithic Applications

The International Conference on Evaluation and Assessment in Software Engineering 2022 (EASE2022)

Main contributions:
* A hierarchical decomposition suggestion for result explainability and user choice flexibility.

* Number of target microservices is inferred.

* Introduce a new evaluation approach for microservices decomposition.
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HierDecomp: Analysis

Source code

HierDecomp

Source code analysis

Structural analysis
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Semantic analysis

microservice
extraction

Decomposition
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Gateway service
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Controller




HierDecomp: Semantic Analysis

HierDecomp

Source code analysis

/4 Structural analysis
Semantic analysis Decomposition
Source code
CamelCase Stopword . TF-IDF
1 splitting fiItF:avr\;ng *| Stemming ™ vectorization microservice
/ —> .
extraction
« Cartltem * cart * cart « cart
- removeltemByld| | j* item * item * item
* isInStock * remove —® ¢ remove —» ¢ remov __»
* jtem * item * item
. by . |d ° |d
* id » stock » stock
e is
* in
+ stock

20




HierDecomp: Structural Analysis

Source code

HierDecomp

Source code analysis

Structural analysis
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HierDecomp: epsilon-DBSCAN (1/2)

Source code

HierDecomp

Source code
analysis

microservice extraction

Structural
analysis
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HierDecomp : epsilon-DBSCAN (1/2)

Source code

HierDecomp
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HyDec: introduction

Combining Static and Dynamic Analysis to Decompose
Monolithic Application into Microservices

The 20th International Conference on Service-Oriented Computing 2022 (ICSOC2022)

Main contributions:
* A general approach to combine multiple analysis sources in order to generate hierarchical decompositions.

* Multiple combination approaches.

* A decomposition approach that improves the coverage while maintaining a performance similar to state-of-
the-art approaches.
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HyDec: Overview

Structural analysis

Source code

21 public Cart() {
22 this.itemList.setPageSize(4);

23 } +

Microservices
recommendation

Semantic analysis

Execution logs

Dynamic analysis
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HyDec: Dynamic analysis

Execution logs

26

Execution traces

/ trace 1

trace 3 \

trace 2
ClassAl ClassAl ClassBl
ClassA3 ClassA2 ClassA2
ClassA2 ClassCl ClassCl
ClassD ClassD
Called

Duplicate removal

Dynamix
analysis result

ﬁO 2 10
0o 0 00
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o 1 001
0 0 0 0 0

) (—

/
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MxM call matrix

M=6 in example

o
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HyDec: Static similarity

NxN interaction NxN structural
Matrix M — Call similarity similarity
matrix
We|g hted NxN static
matrix
NxV TFIDF NxN semantic
Matrix M — Cosine similarity similarity
matrix
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HyDec: Sequential epsilon-DBSCAN

28
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HyDec: Alternating epsilon-DBSCAN
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MSExtractor: Introduction

Improving microservices extraction using evolutionary search

The Journal of Information and Software Technology Volume 151

Main contributions:

30

Formulating the microservices decomposition task as a search problem with an evolutionary algorithm.
Using a multi-objective evolutionary algorithm in order to encapsulate the different aspects within a
decomposition.

Differentiating between interface and inner classes within a decomposition.




MSExtractor: Clustering vs Optimization

/ Monolithic application \

| ClinicService | ‘ Vet ‘
| PetTyp | ‘ Owne ‘
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iable Decompositions
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MSExtractor: Overview

( )
Static program N MSExtractor
analysis 7 _ _
IBEA-based Microservices |5
Extraction
Semantic program N
analysis 7

Monolithic system Microservices
(object-oriented) candidates
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MSExtractor: Evolutionary algorithms

33

Evolutionary
Algorithms

Solution
representation

Mutation
operator

Initial population

Crossover
operator

Fitness function




MSExtractor: Workflow

Population

Stop Decomposi

- C . .
Measure fitness rr::?a tions

Initialize
Population

No

[ Mutation ]4—[ Crossover ]4—[ Select Parents ]
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label-based integer encoding:

MSExtractor: Solution representation

Initial population: random sampling

M4 M2 M3 M3 M3 M1 M2 M1
ClinicService Vet PetType Owner Pet Visit Specialty VisitRepo
4 3 1




MSExtractor: MOEA

Multi-Objective Evolutionary
Algorithm (MOEA)

Cohesion Coupling Granularity
. . Microservice 1
Microservice 1
)

Class 1 Microservice 3

~———o

Microservice 2

Microservice 2

l Microservice 1 l

l Class 2 l
—
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MSExtractor: Operators

Crossover operator
Parent 1 Child 1
1 1 3 2 2 3 1 1 1 3 3 3 2 1
InitFilter | IPBanFilter | CalendarTag | FileContent|MediaFile| CalendarModel | User InitFilter | IPBanFilter | CalendarTag | FileContent | MediaFils| CalendarModel| User
Crossover
Parent 2 K=4 Child 2
2 1 2 3 3 2 1 2 1 2 2 2 3 1
InitFilter | IPBanFilter | CalendarTag [ FileContent| MediaFile| CalendarModel | User InitFilter| IPBanFilter| CalendarTag | FileContent|MediaFile| CalendarModel| User
Mutation operator
Parent Child
1 1 3 2 2 3 1 ”utaﬂon 1 1 3 1 2 3 1
InitFilter | IPBanFilter| CalendarTag | FileContent| MediaFile| CalendarModel | User K=4 InitFilter | IPBanFilter | CalendarTag | FileContent| MediaFile| CalendarModel| User
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RLDec: Introduction

Extracting Microservices from Monolithic Systems using Deep
Reinforcement Learning

In Review for The Empirical Software Engineering

Main contributions:
* Formulate the microservices decomposition problem as a reinforcement learning task.

* Improving the evaluation process by introducing novel metrics that can encapsulate multiple aspects
and that can compare with existing decompositions.
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RLDec: Overview

Analysis phase Reinforcement Learning phase Decomposition D
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Y
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RLDec: The sequential approach

t

!

Su=|1|1|3]2]7]7
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= 3
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RLDec: The combined sequential approach

R= (SMQGSw )+ (D
CMQ(S,4/))/2 [N

S=|1|1|3]|3|7]7

label-based integer encoding

Structural
Feature
Matrix

Semantic
Feature
Matrix
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RLDec: RQZ2

How does our approach perform when compared with state-of-the-art decomposition baselines?

42

CHM CHD ICP BCP NED DSCORE
baseline
CoGCN 35 30 31 16+ 1 34
HyDec 15 2 210 15 47 i
Mono2micro 34 35 20 26 20* 32
MSExtractor 34 70) 40 36 29 ST
RLDec 16* 10 20 44 24 9
TopicDecomp 36 35 30 31 15 34




RLDec: RQ3 (1/2)

Is our approach able to recapture the components of microservices that were created by human experts?

Original microservices Decomposition
/ Vet Service \ / Microservice 1 \
Vet VetResource
Vet VetResource
VetRepositor: Specialt
\ P v P ¥ / CO m pa re VetRepository
Pet Service Visit Service \ Microservice 2 Microservice 3
Pet Visit
Pet Visit
PetDetails VisitRepository PetDetails VisitRepository
Config Server Outliers
ConfigServerApplication ConfigServerApplication
Specialty
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RLDec: RQ3 (2/2)

Is our approach able to recapture the components of microservices that were created by human experts?

=== random
== houlder

petclinic kanban event-sourcing social-modular social-microservices
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Representation learning: Motivation

Analysis phase

Source Code

Generate AST

Abstract
Syntax Trees

Build call graph

Structural
Feature Matrix

Extract comments,
variable, class,
method, parameter
and field names

bag-of-word
Vectors

Count common terms

) Semantic

45

Decomposition step




Representation learning: Visualization

umap projection for structural-analysis-calls

46
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umap projection for semantic-analysis-tfidf
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Representation learning: alternatives

word (set of characters) (ex:
example)

S

47

.....
—

Word Embedding model
(ex: word2vec)

Semantic
Relationship

\J

Vector representation (a numeric
vector) (example: a 300 dim vector)
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i
o

A\

Syntactic
Relationship



Representation learning: code embeddings

Code snippet (list of AST
paths)

Code2vec

Code snippet represented as
(text sequence (ex:
docstring) + code sequence
(method core))

Vector representation (a numeric
vector) (example: a 300 dim vector)

CodeBERT

48

List of contextual vector
representation for each token in the
input (example: a matrix of shape
50x300) and an aggregation vector




Representation learning: Large Language Models
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Representation learning: Data Collection

50

Curated list of microservices applications in various programming languages used in research

A list of “special” applications that can be considered due to factors such as having a monolithic
version, the scale of the application and the structure of the repository

Keyword query: [regex="micro( |-)?services?( |-)(architecture|system|application)”]

Collected 154 Java microservices applications and 91 C# microservices applications



Representation learning: Evaluation (1/2)

Evaluating the distribution of embeddings in the context Monolith to Microservices:

1. Generate the embeddings for each class or method in an application
2. Measure the similarity between each couple of classes/methods (for example cosine similarity)
3. Measure the binary cross entropy loss based on the actual decomposition.
4. Evaluate the models based on the mean score across all applications.
deepseek-
SFR-Embedding- coder-6.7B- semantic- structural-
Model Name Mistral instruct OpenAl Code2Vec CodeBERT analysis analysis
Mean score 0.704 0.736 0.757 0.816 0.873 0.964 19.700
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Representation learning: Evaluation (2/2)

Evaluating the distance between the generated decomposition and the actual decomposition:

1. Generate the embeddings for each class or method in an application
2. Generate a decomposition for each algorithm (k-means, hierarchical clustering, dbscan, etc)
3. Measure the MSFB score defined in the RLDec approach
4. Evaluate the models based on the mean score across all applications and algorithms.
deepseek-
SFR-Embedding- coder-6.7B- semantic- structural-
Model Name Mistral instruct OpenAl CodeBERT Code2Vec analysis analysis
MSFB 0.300 0.290 0.283 0.250 0.247 0.187 0.182
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The decomposition platform: Current challenges

- Increasing number of decomposition approaches

- Difficulty of reproducing existing approaches

- Varied number of evaluation metrics and their implementations
- Multiple benchmark monolithic applications

- Lack of visualization tools for decompositions
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The decomposition platform: Objective

Objective: Share a standardized platform for applying and evaluating decomposition approaches and
visualizing decompositions

LT MicroPower = Home
98 Custom approach Overview ( Detailed partition partition-1 v
.....
0000
00 00000
[
oo )
000000 ®
00000
0...0...0
00000
[
Current evaluation view Comparison evaluation view All metricsl
chd
Metric Name Metric Value chm
cmq
chd 0.05 1 Value
chm 0.36 9- .
cmg 0.04 o
- - - = 4
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The decomposition platform: Architecture

e Ffars'“g Java Analysis Service C# Analysis Serice Qi Ar_1a|y5|s
Service ' Service !
_________ A o
{ Parsing Service
A
Evaluation Service Visualization Service | --------------------cmmmaoo ] ). Refactoring Service
S Yoo

Other decomposition

RLDec Mono2micro TopicDecomp MSExtractor HyDec / HierDec H
' approaches

55



Conclusion

The Monolithic Architecture (1/2)

the Monolith to Microservices

s Architecture (1/2) Migrating fr

+ Def : A Monolith is a single unit of depl 3

Def n: A Monolith is a single unit of deployment. Microservices
1] 2] "
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o Gty
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g + Horizontal Scalability ’ ® 2

+ Robustness.
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+ Simple development process - Lackof scalability + + Technology diversity - - Implementation complexity v v
- High coupling « Clear isolation e - Deployment overhead Monolith Microservices

Adapting to new workflows

» _Convient for cloud and devops

HierDecomp: Introduction HyDec: introduction MSExtractor: Introduction

p i i i i Combining Static and Dynamic Analysis to Decompose . . . . . .
A Hierarchical DBSCAN Met.hoijf or E)'rtra.ctmg Microservices g Stati oynamic 4 ; P Improving microservices extraction using evolutionary search
from Monolithic Applications Monolithic Application into Microservices

The 20th International Conference on Service-Oriented Computing 2022 (ICSOC2022) The Journal of Information and Software Technology Volume 151

The International Conference on Evaluation and Assessment in Software Engineering 2022 (EASE2022)

Main contributions:

Main contributions:
Formulating the microservices decomposition task as a search problem with an evolutionary algorithm.

A general appr
Multiple combination approaches.

Main contributions:
- Ahierarchical for result ility and user choice flexibility.

chical decompositions.

ach to combine multiple analysis sources in order to generate hiera

Using a multi-objective evolutionary algorithm in order to encapsulate the different aspects within a
decomposition.
Differentiating between interface and inner classes within a decomposition.

+ Number of target microservices is inferred.

+ Introduce a new evaluation approach for microservices decomposition. ilar to state-of-

es the coverage while ing a performance s

2 30

Representation learning: Large Language Models The decomposition platform: Objective

Objective: Share a standardized platform for applying and evaluating decomposition approaches and
visualizing decompositions

18

RLDec: Introduction

OpenAl-OpenAl-Large (2] deepseo.cor.78-msructGaUF-despsasi.coder-6.75 57 umap projeccon for SFR-Embecding-Hisiel-GOUR S

Extracting Microservices from Monolithic Systems using Deep
Reinforcement Learning

In Review for The Empirical Software Engineering

L1MicroPower =

Main contributions:

+  Formulate the microservices decomposition problem as a reinforcement learning task.

+ |mproving the process by introducing novel metrics that can multiple aspects
and that can compare wit]

ting decompositions.
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