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Schedule

Week |  [Date  |Time  Jlecture  |[Note |
E L1 Wed, 20 Jan  10:15—12:00 Introduction & Organization Truong Ho
EB L2 Thuy,21Jan  13:15-15:00 Architecting Process & Views Truong Ho
4 Tue, 26 Jan  10:15—12:00 Skip
B S1 Wed,27Jan  10:15-12:00 << Supervision: Launch Assignment 1>> TAs
_ L3 Thu, 28 Jan  13:15-15:00 Roles/Responsibilities & Functional Decomposition Truong Ho
_ L4 Mon, 1 Feb  13:15—15:00 Architectural Styles P1 Truong Ho
_ S2 Wed,3Jan  10:15—12:00 << Supervision/Ass R
BB L5 Thu4Jan  13:15-15:00 Architectural Styles P2 We are |-
L6 Mon, 8Feb  13:15-15:00 Architectural Styles P3 Ho
B S3 Wed, 10Feb 10:15 - 12:00 << Supervision/Ass
EBBL.7 Thu 11Feb 13:15-15:00 Design Principles (Maintainability, Modifi 10
L8 Mon, 15 Feb  13:15—15:00 Architectural Tactics & Analysis Truong Ho
S4 Wed, 17 Feb  10:15 - 12:00 << Supervision/Assignr, At>> TAs

L9 Thu, 18 Feb  13:15-15:00 Architecture Evaluation Truong Ho

E

L10 Mon, 22 Feb
S5 Wed, 24 Feb

L11 Thu, 25 Feb

L12 Mon, 1 Mar
S6 Wed, 3 Mar

L13  Thu, 4 Mar

Fri, 5 Mar

Whole day

13:15 - 15:00 Reverse Engineering & Correspondence

10:15-12:00
13:15-15:00
13:15-15:00
10:15-12:00
13:15-15:00

<< Supervision/Assignment>> TAs

Guest Lecture 1

Truong Ho

TBD

Guest Lecture 2: Architectural Changes in Volvo AB Anders M.
<< Supervision/Assignment>> TAs

To be determined (exam practice?)
Group presentation of Assignment (TBD)

Truong Ho
Teachers
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Asianment schedule

Lecture

<

13:15 — 152 We are

Wed, 20 Jan 10:15-12:00
Thu,21Jan  13:15-15:00
Wed, 27 Jan 10:15-12:00
Thu, 28 Jan 13:15-15:00
Mon, 1 Feb 10:15-12:00
Wed, 3 Jan 10:15-12:0
Thu, 4 Jan 13:15 - 15:
Mon, 8 Feb 10:15 - 12:
Wed, 10 Feb 13:15-15
Thu, 11 Feb
Mon, 15 Feb 10:15-12:
Wed, 17 Feb 13:15-15:
Thu, 18 Feb  10:15 - 12:
Mon. 22 Feb  13:15 — 15:00
Wed, 24 Feb 13:15-15:00
h ah N:15 — 12:00
Mon, 1 Mar 13:15-15:00
Wed, 3 Mar 10:15-12:00
Thu, 4 Mar 13:15-15:00
Fri, 5 Mar Whole day

HERE!

Assignment 1 - | Assignment 1- [ Assignment 2
Task 1 (A1T1 Task 2 (A1T2 A2

Launch A1T1

Work A1T1

Work A1T1
Hand-in A1T1

Peer Rev A1T1

Hand-in PR
A1T1

A1T2 released

MQTT intro
Work A1T2 A2 released
Work A1T2 Hand-in A2
Present A1T2
Hand-in A1T2 Hand-in A2
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Online Written Exam

1 8t of March in the AM/Morning



Outline

- Reverse Architecting —

based on slides by prof. Arie van Deursen,
TU Delft, Netherlands

- Monitoring Implementation-Design
conformance

includes slides by Reinder Bril,
TU Eindhoven, Netherlands



Reverse Architecting: Motivation

* Architecture description lost or outdated
* Obtain advantages of explicit architecture:

— Shared representation of system

— Stakeholder communication

— Explicit design decisions
* Architecture conformance checking
* Quality attribute analysis
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Program Understanding

e the task of building mental models of an
underlying software system

e at various abstraction levels, ranging from
— models of the code itself to
— ones of the underlying application domain,

e for software maintenance, evolution, and
reengineering purposes

~50% of

maintenance
effort!!
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Architecture erosion

[...] the documentation about the internal architecture ‘
becomes rapidly obsolete. o make changes,
developers need a clear understanding of the
underlying architecture of the products.

C. Riva,

Software Architecture Group, Nokia Research >
R — |
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Architecture Evolution

® Architectural drift
® Architectural erosion

® Architectural upgrade

Software Architecture Recovery - Mircea Lungu, 2008

One frequently
accompanying property of '
evolution is an \
increasing brittleness
of the system -- that is, an
increasing resistance
to change, or at least to
changing gracefully.

[Perry & Wolf’92] }
——
9
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Architecture
Plan vs Reality (‘as-is’)

Plan versus Reality

R vl 1 1

Accounts Savings Loans Accounts I Login |Savings || Loans
Batch processing ™ |  assms p Pension r Batch processing |ghas==
Storage |<= a hCELL Storage e

The design The implementation

User interface Website (and data validation) s
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Problems with

CHALMERS |

Difficult to:
o find information
due to: - large size & complexity
- scattering of information

o Keep (check) ‘up-to-date’

o To cater for multiple audiences
tasks, experience, ....

How can a developer get the latest information he
needs for his current task? 12



Reverse Engineering

The process of analyzing a subject system with
two goals in mind:

— to identify the system's components and their
interrelationships; and,

— to create representations of the system in another
form or at a higher level of abstraction.

13



Reverse Engineering (analogy)




Re-engineering

 The examination and alteration of a subject
system

e to reconstitute it in a new form

e and the subsequent implementation of that
new form

Beyond analysis -- actually improve.

15



Reengineering

(Alteration)
Revgrse . Con- re-think FOW :
Engineeting - Engineenng
(Abstraction) ceptual
re-speci fy
Requirements -
re-design
/ Design » | Design
re-code
/ [toplementation | Implementation \
Existing system - ;E‘gg%fmg’, Target System

quality

16
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Challenges

® What process can support uncovering the
software architecture within a system?

® How much can you automate in this process!?

® What are the limits of architecture recovery?
(e.g., Recovering all design decisions).

17
Software Architecture Recovery - Mircea Lungu, 2008
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Phases of Reconstruction

Data Extraction

Knowledge
Organization

abstract

extract

Repository

Software Architecture Recovery - Mircea Lungu, 2008

Information
Exploration

present

ext

Hoscribing the

itructare of
\LL sysien

[Tilley et al’96]
18



Reverse Engineering: Exploration

/a rtifacts results JJ

J—

o Extract src models from system artifacts
e Query/manipulate to infer new knowledge
e Present different views on results

19



Source Model Extraction

(@

21
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Source Model Extraction

* Derive information from system artifacts
— variable usage, call graphs, file dependencies,
database access, ...

* Challenges

— Accurate & complete results
— Flexible: easy to write and adapt

— Robust: deal with irregularities in input

22
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Query and Manipulate

'&se-
G

23
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Query and Manipulate

{8%)) UNIVERSITY OF GOTHENBURG

* Goals:
— infer (new) knowledge & abstractions
— filter information

* Example structures:
— Perform graph
— Call graph (Ol, PVL)
— Screen flow
— Batch job

— Subsystem dbs

In search for
more abstraction

24


oi100cpg.pdf
oi400cg.pdf
pvl.pdf
next-mod.pdf
batch.pdf
dblift.pdf
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Presentation of Results

(view
(@

26
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Presentation Desiderata

* Browsing and searching
 Multiple levels of abstraction

— Zoom in, zoom out

* \isual as well as textual information

— Graph visualization

* Show multiple structures
— E.g. Package hierarchy + control-flow

27
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#3: Results

N\

Figure 1. The graph of the source code model.

30

Software Architecture Recovery - Mircea Lungu, 2008



CHALMERS | (&%) UNIVERSITY OF GOTHENBURG

Reverse Engineering of a small system

= }m

[ Sewwomn
o [Coumtnin

Clearly different from forward designed UML designs
(0.a. in size, layout, detail, naming, ....) 31
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Recall: 4+1 Views
Representation of Systems

How is the system
structured?

—X

Structure View

System Architect
Functionality (Decomposition)

How does the
system behave?

System Architect

Concurrency, Communication,

—\ Process View

What can/does

the system do ? How to build /

End-user

Use Case View

Synchronization

How does the
| system perform ? ) 3

configure ?

Development View L

Programmers
Configuration management

Where to install ?
What hw\nw is used?

Deployment View L

System engineering

System topology

Delivery, installation, maintenance
Performance, Scalability, Throughput
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idea 1

source code

classes

views




Interesting Structures of
Software System

UNIVERSITY OF GOTHENBURG

* Module structure
* Modules & dependencies
» Layering
* Hierarchy

 Data model structure
* Type structure

34
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Behaviour is also Interesting!

Call structure

Process structure
« GUI flow

35



Combine Architecture with other
Development metrics: High Priority Bugs

______________
______________________________

_____________

29

* Number of high priority bugs for each high level component
— mocclient is the most buggy package with 118 bugs
— dsdm, shareclient, and oamclient also contain many highly severe bugs

© 2007 Fraunhofer 49 Software Architecture in Evolution and
CESE Reverse Engineering of Legacy systems
© 2012 Fraunhofer USA, Inc.
Mikael Lindvall, Dharma Ganesan
36 Software Architecture and Embedded Systems division
aunhofer r for Experimental Software Engineering Maryland (FC-MD)
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http://scg.unibe.ch/archive/papers/Lung12b.pdf
http://dx.doi.org/10.1016/j.scico.2012.04.007
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The city metaphor

domain mapping

class building ——¢
package district —¢

system city

nesting level co_

number of methods (NOM) | height
number of attributes (NOA) | base size

Richard Wettel and Michele Lanza

Visual Exploration of Large-Scale System Evolution

[Wettel & Lanza, ICPC 2007]
[Wettel & Lanza, VISSOFT 2007]

41
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Decoding a city: ArgoUML

—_—

skyscrapers
(NOM, noa)

2,

. N\ office buildings
p<ark mNgc%S \\/ (NOM, NOA)

42

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution



Travelling through ArgoUML’s time

0.12
0.14
0.16
0.18.1
0.20
0.22
0.23.4
0.24 43

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17



Travelling through ArgoUML’s time

ModelFacade

0.10.1
0.12
0.16
0.18.1
0.20
0.22
0.23.4
0.24 44

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17



Travelling through ArgoUML’s time

ModelFacade
- NOM: 435, NOA: 108 —>

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 7



Travelling through ArgoUML’s time

NSUMLModelFacade Facade

NOM: 319, NOA: 2 \ NOM: 306, NOA: 1
' oh I

p Sy

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17




Travelling through ArgoUML’s time

NSUMLModelFacade Facade

NOM: 334, NOA: 2 \ NOM: 319, NOA: 1

0.10.1
0.12
0.14
0.16
0.18.1
0.22
0.23.4
0.24 47

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17

FacadeMDRImpl
NOM: 329, NOA: 2



Travelling through ArgoUML’s time

Facade
NOM: 329, NOA: 1

>
-

<&

e -
.

0.10.1
0.12
0.14
0.16
0.18.1
0.20
0.23.4
0.24 48

Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17

FacadeMDRImpl
NOM: 340, NOA: 3



Travelling through ArgoUML’s time

0.10.1
0.12
0.14
0.16
0.18.1
0.20
0.22

| Richard Wettel and Michele Lanza Visual Exploration of Large-Scale System Evolution 17
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) Ho-Quang, Truong, et al. "Interactive Role Stereotype-Based Visualization To Comprehend Software Architecture." 2020 Working
Conference on Software Visualization (VISSOFT). IEEE, 2020.
Demo video: https://www.youtube.com/watch?v=1JYQOMPMF9do&t=278s 50



https://www.youtube.com/watch?v=1JYQMPMF9do&t=278s
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https://www.youtube.com/watch?v=JNcHL5lnutc

Case Study: Visual Analytics in Software Product Assessments

Alexandru Telea* Lucian Voineal
Institute for Math. and Computer Science SolidSour
University of Groningen, the Netherlands Eindhoven, the Netherlands




More “visualization” tools

e ObjectAid UML Explorer (an Eclipse plugin)
* StarUML

* Enterprise Architect (Sparx)

* srcML + srcUML

* PlantUML

53


https://www.objectaid.com/
https://www.srcml.org/
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K-9 em

Android open source
10 million downloads from Google Play Store
210 contributors

.com/k9mail/k-9

https://github

B Turing Award 3
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Syncing disabled

Elements of Interaction 3/20/2013
Robin Milner | am greatly honored to receive this
4 award, bearing the name of Alan Turing. Perhaps

The Paradigms of Programming 3/20/2013
B Robert Floyd Today | want to talk about the

paradigms of programming, how they affect our

Richard Hamming Let me begin with a few
personal words. When one is notified that he has

Computers Then and Now 3/20/2013
m Maurice V. Wilkes | do not imagine that many of
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B One Man's View of Computer Science 3/20/2013
A
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Kenneth E. Iverson The importance of
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3/20/2013
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Generality in Artificial Intelligence 3/20/2013
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<

-
n
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https://github.com/k9mail/k-9
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A Fragment of the 800 classes of K9

if Automated layouting

— requires better algorithms]>
57 L




All packages

K9mail-library

mail.filter mail.oauth mail.store
mail.helper mail.power

mail.internet mail.ssl
mail.message mail.store

(imap, pop2,

(Vo

autocrypt mailstore

account cache mailstore.migrations

activity controller mailstore.util

acitivity.compose crypto message

acitivity.loader fragment message.extractors

acitivity.misc helper message.html

acitivity.setup helper.jsoup message.quote

message.signature

service notification

ui.compose setup power

ui.crypto search preferences

ui.dialog view provider

remotecontrol

ui.message widget.list

search

)]
(00)

ui.messageview



Ia\(out (-xml activity.* notification provider.* com.fsck k9.intent.action.*
files, .kt)
user-interface fragment. view widget.list

(1.1.) user-interface-logic (1.2.) content provider (2.1.) || intent provider (2.2.)

ISOUP
1

(Attachment,
DecryptedFile, Account) com.fsck.k9.intent.extra

Presentation Layer (1.) Service Layer (2.)

controller.MessagingController USCS 4 controller.MessagingControllerCommand

Business Fagade (3.1.)

z PrETCTENCe
| mail | maistore | MU
service.* message.* account

API Scheduling (3.2.1.) Business Entity Components (3.4.)

mail.transport mail.internet search mail.ssl mail.power | mail. message
mail.store mail.helper mailstore.migrations mailstore.migrations mail.oauth
(imap, pop2, webdav) mail filter

mail_providers <
Talk with mail- MIME encoder | k9

AlarmManager

autocrypt

power
(IdleManager)

providers (3.2.2.) decoder (3.2.3.) Other (3.2.4.)

Business Workflow (3.2.) Business Components (3.3.)

Business layer (3.)

ross-

Data Access Layer (4.) cutting (5.)

SQLiteDB 50




files, .kt) (Attachment,
user-interface pecryptedie, Account) ||| com-fsckka intent extra

(1.1.) user-interface-logic (1.2.) content provider (2.1.) || intent provider (2.2.)

Presentation Layer (1.) Service Layer (2.)
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K9 from:

Software Architectural Principles in Contemporary
Mobile Software: from Conception to Practice

Hamid Bagheri®, Joshua Gareia®, Alireza Sadeghi®, Sam Malek®, Nenad
Medvidovie®

Explicit ® _ - ™ . a
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sg-Based @) [wl e s Storage Receiver‘
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o) Messagelist . .
Explicit Provider Service
Accounts
- Remote Control @
Receiver
[] .
OpenPGP Data-Access
( Implicit Message-Based )
Legend
w * o Content O Broadcast ‘4. V' v
External A| Activit Service R ) Connector
PP v € Provider Receiver Provided Port Required Port

Figure 2:

K-9 mail Android app architecture
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How about more abstraction?

* Clustering
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% of system covered by model

{8%)) UNIVERSITY OF GOTHENBURG
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Scaling Abstraction )

20%

T, S
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30%

e e =

50%
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Demo video: https://voutu.be/dHBBSwA2wDI

Which criteria to use for abstraction?
* What is the relation between design and code?
Different tasks require different parts/slices/views

) Osman, Mohd Hafeez, Michel RV Chaudron, and Peter Van Der Putten. "An analysis of machine learning algorithms for
condensing reverse engineered class diagrams." 2013 IEEE International Conference on Software Maintenance. IEEE, 2013.
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https://youtu.be/dHBB5wA2wDI

Class Diagram Simplification

Hafeez Osman

This research aims at simplifying class diagrams

8 Notneeded

Considering:- structural properties (coupling, size)

- semantic properties:

‘support’ vs ‘core functionality’
GUI / frameworks / gets&sets vs cruise control

- feature based
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Figure 1: ATM Machine Class diagram

Question B1: Suppose you are new to the ATM system project and have to learn about the ATM system from the
class diagram in Fig.1. Which information (class, method, relation, ...) do you think could be left out of the class
diagram without affecting your understanding of the system?

University of Leiden, 2012




Automated Updating of Class Models

) time

source code

learn design upda ' with .
abstraction: a abstraction 0 hange: 0.(0) (1(6 )

UML design model

A change 8 can be an addition, modification, removal.
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Collaboration Pattern between Stereotypes

Through labelling of roles, we find
recurring patterns in the design

<<INTERFACER>>
MessageContainerView

\ 4
<<COORDINATOR>>
MessageWebView

4 —

<<IH>>

<<SP>>

These patterns represent typical
collaborations between
responsibility-stereotypes
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Common graph-patterns in Software Designs

Through labelling of roles, we find recurring patterns in the design

Interfacer

Coordinator

/I\

Service Service Service
Provider Provider Provider

These patterns represent typical collaborations between role-
stereotypes.
These patterns can be used for e.g.

checking designs (allowed dependencies; metric thresholds)
synthesizing a design
generating visualizations

design summarization
72
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Role-stereotypes in software design

Interfacer

[ Controller ]

[ Coordinator ]

[ Service ]

Provider

[ Information ]
Holder

Structurer
73




Collaboration Patterns between Stereotypes

~———~  This shows

AccountSetupOptionsX

[k9mail.com fsck k9 activity.setup.AccountSetupName
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AccountSetupOptions|
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[k9mail.com.fsck k9 activity.sethp.AccountSetupComposition

©, <commamcer>>
AccountSetupCompositon|

comfsck k9.activity setup AccountSetupCheckSettings

<<INTERFACER>>

AccountSetupCheckSettings|

{komail.com fsck k9 activity setup AccountSetupBasics

<<INTERFACER>>|
AccounSetupBasics

il com fsck k9 activity.set

©

expansion of
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AccountSetupAccountType
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Checking Desigh-Code Correspondence
using Relational Algebra




Managing Designh — Code Correspondence

.
Class1 Class2

Classt { | | >
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Reinder J. Bril, r.j.bril@tue.nl
TU/e Informatica, System Architecture and Networking

Application domain

SOPHO

SD

“Intended” module architecture
(documentation + software architects)



Reinder J. Bril, r.j.bril@tue.nl
TU/e Informatica, System Architecture and Networking

Application domain

SOPHO

“Actual” module architecture
(extracted from the implementation)



Conceptual Integrity

-

e




Reinder J. Bril, r.j.bril@tue.nl
TU/e Informatica, System Architecture and Networking

Conformance

< S < S
i v
< H ) H
I y I y
< A B A
I L
< D B D )
Intended Extracted

Causes when “intended” and “‘extracted” differ:
1. “intended” is wrong (e.g. out-of-date): improve;
2. “‘extracted” 1s wrong: improve;

3. 1mplementation is optimized for, e.g., speed = refinement.



Reinder J. Bril, r.j.bril@tue.nl
TU/e Informatica, System Architecture and Networking

Application domain

- Ensure conformance to an architecture !

- Keep the architecture up-to-date
- Approach using relation algebra (RPA):

- Represent the “intended” architecture in RPA.

- Extract the “derived” architecture from the
implementation, and represent in RPA.

- Express “conformance” in RPA.

Ensure conformance by means of verification
(using RPA) and improvements (i.e. control).



System Representation

T I I -

[\ AL

A WOk

vl p

Ay

System S 1s balanced, and
the decomposition tree has 3 levels



Relation Algebra: Example

5 Set of Lntities E:
Bl B E = { 89 Aa Al: A29 AS) B9 Bb BZ}




Relation Algebra: Example

Part-of relation P:
P={<B, S>, <A, S>,

,<B,, B>, <B,, B>
” <A19 A>9 <A29 A>9
<A39 A> }

A part-of relation:
e describes the decomposition tree;

e 1s both: functional and a-cyclic.



Example:

~ A = {<y,x> [<xy> € A}
—A-B = {<x,y> |[<X,y> € Aand <x,y> ¢ B }
—~AuB = {<x,y> | <x,y> e Aor<x,y>eB}

—ANnB = {<xy> |[<x,y> e Aand <x,y> € B}

— A;B = {<X,z> | <X,y> € Aand <y,z> € B}
— A = U,=1 R", where R" = R;R"" for n >=2
- A = A*u |

~-AO0B = {<xy> | <x,v> € A and <y,v>eB}
~-ATB = B';A:B (lifting)
~-A|B = B;A;B" (lowering)



Operators in Relational Algebra

Union [+E={(aDb), (b,y)}
Intersection E " C = {(b,y)}
Difference C - E= {(r,a), (r,b), (a,v), (a,w), (a,x), (b,2)}

Inverse mv E = {(y,b)}
Composition Io E={(a,y)}
Identity id = {(r,yr), (a, a), (b,b), (w,w) ... }

Transitive Cl. C+ = {(1,a), (1, b), (1,v), (r,w), (1,X), (L,y),

(1,2), (a,v), (a,w), (a,x), (b,y), (b,2)}
Reflex. T.C. C* =ID + C+




Example Typed Graph

r C C
a ILb a1 b
UAY E
» amil Iy ¢/ c c\ E\C\C
ViIgwWw X Gy z
C={(2), (,b), (a,v), (a,w) (a,x), (b,y), (b,z) }
[ ={(ab)}
E={(by) }
U={(w), (xy) |




Lifting (2)

o - : 3
il P s
RV ;
Al\AAzA/A3 A - A

Reinder J. Bril, TU/e Informatica, System

Architecture and Networking
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Hiding

i R o
.

Hiding the decomposition structure of
both A and B

Reinder J. Bril, TU/e System Architecture and Networking



Example:

Board GameManager GameManager |: HumanPlayer ComputerPlayer|: Dl'splay :
: —— Manager Player1 Player2 display
y v H -
Player Display | |
HumanPlayer ComputerPIayeJ'

There 1s no dependency between
HumanPlayer and Display in the class

diagram



Example:

Class Diagram in RPA:

- CLASS = {GameManager, Board, Player,
HumanPlayer, ComputerPlayer, Display}
- METHOD = {GameManager.play, GameManager.stop,

Player.setToken, HumanPlayer.getNextMove,

HumanPlayer.setToken,
ComputerPlayer.getNextMove,

ComputerPlayer.setToken, Display.printLn,
Display.printBoard}

- IMPLEMENTS = {<GameManager.play,GameManager>,
}
- INHERITANCE = {<HumanPlayer,Player>,<ComputerPlayer,Player>}
- DEPENDENCY = {<GameManager,Player>,
<GameManager,Display>}
- AGGREGATION = {<GameManager,Board>}



Example:

-  MSCin RPA:

- OBIJECT = {Manager, Player1, Player2, display}

- TYPE = {<Manager, GameManager>,
<Playerl,HumanPlayer>,
<Player2,ComputerPlayer>,<display,Display>}

- CALL = {c41,€5,C3,CaCs}

-  NEXT = {<c4,c,>,<C,,€3>,<C3,C4>,<C4,C5>}

- CALLER = {<Manager,c;>,<Playerl,c,>,<Manager,c;>,
<Manager,c;>,<Manager,cs>}

- CALLEE = {<Playerl,c,>,<display,c,>,<display,c;>

<Player2,c,>,<display,cs>}

- MESSAGE = {<HumanPlayer.getNextMove,c;>,
<Display.printLn,c,>,
<Display.printBoard,c3>,
<ComputerPlayer.getNextMove,c,>,
<Display.printBoard,cs>}



Example:

Board GameManager GameManager |: HumanPlayer ComputerPlayer|: Display :

: Manager Player1 Player2 display

\ 4

Player Display

A 4

[
LY v|

HumanPlayer ComputerPIayeJ'

| !
- Rule

- [(CALLER ® CALLEE) " TYPE  (DEPENDENCY |, INHERITANCE®)




Uses of Relational Languages

1. Enforce architecture rules. Hot 96, Feijs 98, knodel 08
2. Lift dependency edges. Holt 98, Feijs 1998

3. Find design pattern instances. consens 98, Beyer 02
4. Find violations of patterns. Guo99

5. Find anti-patterns. vanemden 02, reijs 98

6. Change impact analysis. reijs9s
7
8
9.
1

. Specify extraction from syntax. tinos

. Find source of dependency. rahmy o, Feijs 98
Locate uses of protocols. wuoz

0.Type inference using transitive closure.

vanDeursen 99

Slide by R. Holt



Time for Reflection

- What are the strengths and weaknesses of
the Relational Algebra Approach towards
checking conformance between Architecture
and Implementation?




Checking Correspondence through metrics

Opsinh - NMI

- Horizontal axis:

metric from design
- Vertical axis:
metric from code

- Dots:

( metric(class in design),

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

metric(class in code) )

- Here: Number of Methods  Desin

Inherited

M.Sc. Thesis Dennis van Opzeeland TU Eindhoven



Tool for Correspondence Checking
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Akerman & Tyree

e Architecture decisions are the primary
representation of architecture

e Architecture results from effective decision making,
not from architectural view construction™

e Architecting is primarily concerned with:
- architecture assets

- the business-driven decisions that transform these assets
- the roadmap that implements these decisions

*J. Tyree and A. Akerman, "Architecture Decisions: Demystifying Architecture," IEEE Software, vol. 22, pp. 19-27, March. 2005



Akerman & Tyree:
Problems with current architecture development & descriptions methods

e |Lack of Focus on What’s Important

e |Lack of Precision and Clarity

e |Lack of Repository Support

e Lack of Support for Impact Analysis
(Decisions to Concerns, Decisions to Decisions, and
Decisions to Architecture Assets)

e Difficulty in Linking with the Views

e Lack of Support for Temporal Mapping




Akerman & Tyree: Solution

e Architecture meta-model

e Focus on “information about architecture
that an organization cares about” instead of
diagrams and views. Architecture is captured
as an ontology.

e Tool support to enable effective decision
making and “on-demand” view creation




Beyond structure views

How about a views for?
- security

- safety

- performance?

102



Beyond Views

* How about recovery of
— Design principles

— Design rationale

103



Architecture Meta-Model (Details)

contains

Concerns
Decisions
Roadmap
Assets

| I—

Stakeholder | 1.n Concern
| —— :‘ +has }7
[ E—— o
+is important to
+inhabits n Po < n
+h
s +organized by
+influence: Change Case ‘ Risk ‘ Quality Capabilily‘ ‘ Business Need 1.n
E——— [ | | | |
Mission System ‘ —
S :‘1
consists of
* Concern Relationship Type Implication
Subsystem | |
1
1.n
contains
1.n
- = 1 .
+addresses as soft goals Architecture Decision Project
e ey
 ——
' aggregates to
validates
1.n Alternative
Business Process ‘ :‘
1 ‘ Decision Relationship Type
| [ |
Architecture ‘ ‘ ‘
+participates Pattern ‘

+deployed on

conposed
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I
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Summary Reverse Architecting

- Rev. Arch. is alabour intensive activity
- Manual (re)discovery of abstractions
- Have a purpose in mind

- Rev. Arch. is a step in managing:
- conformance of the implem. to the architecture
- conceptual integrity

- Need a method for focussing on what is important
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1-slide Summary of Best Architecting Practices

Get stakeholder involvement & feedback early and frequently
Understand the drivers for the project (business, politics)

Understand the requirements incl. quality properties
 SMART & prioritized
Develop iteratively and incrementally

Describe architecture using multiple views
* abstract, but precise, design decisions & rationale

Design for change (modularity, low coupling, information hiding,
separation of concerns)

Monitor that architecture is implemented

Simplify, simplify, simplify

Analyze in an early stage (use maths! and scenarios)
Regularly update planning and risk analysis

Get good people, make them happy, set them loose




Questions




CHALMERS | {8%) UNIVERSITY OF GOTHENBURG

Example:
Automated Plagiarism Checking System

* University can have subscriptions
* University-faculty can make accounts
* Faculty can send in documents for checking

* Documents are turned into a standard internal format
 The document is segmented (chapters, section, sentences, ...)
 Document is compared on a sentence by sentence basis.
e A plagiarism score is produced
* Areportis sent to the person that sent in the document
 The system keeps records of use for producing yearly accounting
reports
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Report Generator

Paper
Reporter

University
Accounting

UNIVERSITY OF GOTHENBURG

Comparator

Scorer
Compiler

Comparator

External
Paper Loader

Paper
Repository

Registratiol
Account AQP|
Registration
Submission
Loader
File Segmenter |
File
File Converter | | Upload
API
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Subsystems vs Layering
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Fig. 2. Architectural knowledge activities.

A comparative study of architecture knowledge management tools ™
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Comparing Reverse and Forward UML

Reverse Engineered Design

Forward Class Design
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How is Level of Detail distributed in a diagram?

Case 1l Case 2

]

High detail High detail
" Low detail Low detail
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Example 4+1 Views model
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