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Traditional Definitions

“ Provide mechanisms for expressing composition,
abstraction, reusability, configuration, and
analysis of software architectures (Shaw and
Garlan, 1994)

“ An ADL must explicitly model components,
connectors, and their configurations;
furthermore, to be truly usable and useful, it
must provide tool support for architecture-based
development and evolution (Medvidovic and
Taylor, 2001)
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Characteristics

Architecture “ Architecture building blocks

o Components

modeling - Connectors

6|ements o Configurations

“ Tool Support

o Automated analyses on the architecture
description




* Components

o Unit of computation or a data store. May be as small
as a single procedure or as large as na entire
application.
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Architecture

modeling
elements

= Interface

= Types

= Semantics
= Constraints
= Evolution
= Nonfunctional Properties (safety, security, performance, etc.)

Source: Medvidovic, N. and Taylor, R. N., A Classification and Comparison Framework for Software Architecture Description Languages, IEEE Trans. Softw. 5
Eng. 26, 1, 70-93, 2000.



“ Connectors

o Architectural building blocks used to model
interactions among componentes and rules that
govern those interactions.

/Composite
Architecture
modeling \
SEENS
= Interface
= Types
= Semantics

Constraints

Evolution

Nonfunctional Properties

Source: Medvidovic, N. and Taylor, R. N., A Classification and Comparison Framework for Software Architecture Description Languages, IEEE Trans. Softw. 6
Eng. 26, 1, 70-93, 2000.



“ (Architectural) Configuration

o Connected graphs of components and connectors that
describe architectural structure. Is needed to:

= Ensure that appropriate components are connected
= Interfaces match
= Connectors enable proper communication

Architecture EEIZEES
modeling o Understandability

o Compositionality
EIementS o Refinement and traceability
o Heterogeneity

o Scalability

o Evolution

o Dynamism

o Constraints

o Non-functional properties

Source: Medvidovic, N. and Taylor, R. N., A Classification and Comparison Framework for Software Architecture Description Languages, IEEE Trans. Softw. 7
Eng. 26, 1, 70-93, 2000.



“ Tools Support
o Active specification

o Multiple views

o Analysis

o Refinement

o Implementation generation
o Dynamism
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1. 4 identifies 1 Architecture

Stakeholder Description
Language
g Efi <> \
0.*
has « identifies Correspondence
¥ Rule
P 0.*
4 frames i
itecture
Concern - — Model Kind 1'—0 Viewpoint
ISO/ I EC/ Conceptual model of an architecture description language

IEEE 42010

»  Stakeholder: system, individual, team, organization, or classes thereof, having na
interest in a system.

* Concern: interest in a system relevant to one or more of its stakeholders

*  Model Kind: conventions for a type of modelling (data flow diagrams, class
diagrams, balance sheets, organizations charts, etc)

*  Architecture viewpoint: work product establishing the conventions for the
construction, interpretation and use of architecture views to frame specific systems
concerns

»  Correspondence rules: are used to enforce relations within na architecture
description (or between architecture descriptions)

Source: ISO/IEC/IEEE 42010:2011 Systems and software engineering - Architecture description, p.1-46, Dec. 1 2011.



* Viewpoint

« An abstraction of the system made from a set of
rules established in a given viewpoint.

 Specifies the conventions (such as notations,
languages and types of models) for constructing a
certain kind of view

« Viewpoint can be applied to many systems. Each

view is one such application.
ISO/IEC/

IEEE 42010

view : viewpoint :: program : programming language

Source: ISO/IEC/IEEE 42010:2011 Systems and software engineering - Architecture description, p.1-46, Dec. 1 2011. 10



view : viewpoint :: map : legend

LEGENDAS

Segundo Lucia Marina e Tércio, a legenda de mapas é a chave para a leitura dos
simbolos ou das convengdes cartograficas, que sdo conjuntos de sinais, figuras e
cores que aparecem nos mapas e por meio dos quais podemos interpretar as
informacgdes que eles contém.
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Source: ISO/IEC/IEEE 42010:2011 Systems and software engineering - Architecture description, p.1-46, Dec. 1 2011. 11



Every architecture view should have an architecture
viewpoint specifying the conventions for interpreting
the contentes of the view.

Ponto de vista o=p [l

ISO/IEC/

IEEE 42010

Visoes

Source: ISO/IEC/IEEE 42010:2011 Systems and software engineering - Architecture description, p.1-46, Dec. 1 2011.
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‘ Formal

.S if | * Present
emi-forma formally
* Present defined
Formalism 8 defined syntax and
levels Informal syntax but semantics
. Present lack a « Main usage:
either complete » Verifying and
) semantics validating
defined , . models against
syntax or * Main usage: properties and
semantics " >uPPorting quality
) communication attributes
« Main usage:  among
* Illustrating or stakeholders
exemplifying

concepts



Examples
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Examples

Source: http://www.di.univag.it/malavolta/al/

Many, many, many ADLs...
12311

HOME LANGUAGES PEOPLE INSTITUTIONS CONTACTUS

ARCHITECTURAL LANGUAGES TODAY

The up-to-date list of currently existing

architectural languages
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(a) (b)

Key '
D Module Module interface Account Account

Server-Main Server-Backup

1. Modules can (a) provide interfaces,
hiding other modules, or (b) exposing
some interfaces of internal modules

Administrative

Examples

Key B Interface
O Client =—7— Publish-subscribs
I n fo r m a | L - . |:| server : Client-server
:Communication :Decision Making requestireply
‘ S Database ,’v\\ :;a;:‘:;::;naﬁc
) Datqba:;la Database
Read-Write D application aeoess
Update . S .
pepmera /el I 2. A bird's-eye-view of a
Agont e system as it appears at run-
time.

@ Data Repository —) Provided Interface
Y
|:| Component )7 Required Interface

KE

3. Shared data view of an agent

Source:

1,2 Clements, P. et al. Documenting Software Architectures: Views and Beyond. Addison-Wesley, 2011

3 Weyns, D. An Architecture-Centric Approach for Software Engineering with Situated Multiagent Systems. PhD Thesis. 2006. Available at:
http://www.cs.kuleuven.be/publicaties/doctoraten/cw/CW2006_09.abs.html



UNIFIED o

MODELING
LANGUAGE ™
Diagram
I ]
Structure Behaviour
Diagram Diagram
[IS A
I I I I
Class Component Object Activity Use Case
Diagram Diagram Diagram Diagram Diagram
Profile Composite Deployment Package Interaction State
Diagram Structure Diagram Diagram Diagram Machine
Diagram ZP Diagram
] | ] |
N Sequence Communication Interaction Timing
Diagram Diagram Overview Diagram
X Diagram
Semi-formal . UML 2.x diagram
SysML Diagram
| O |
Behavior : Requirement Structure
Diagram : Diagram Diagram
[% tocccacaanaaad Q
Activity Sequence State Machine Use Case Block Definition Internal Block Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram kag 20!
I
|:| Same as UML 2 : Parametric
. Diagram
[ Modified from umL 2 e

Source:
1 http://www.omg.org/spec/UML/2.5/

2 http://www.omag.ora/spec/SysML/1.4/

:-‘_J New diagram type

2. SysML 1.x diagram types
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Substructure of a
UML component

~r

Data
Access

s “server» G
“DataValidationT 02t

Examples

Semi-formal = L [EEmE

end-of-data = empty record when-full = block for 2 sec and retry
when-full = block for 2 sec and retry when-empty = block for 30 sec and retry
when-empty = block for 30 soc and retry 7
U M I_ ofiten € e O
L Calculate A J - :Format
O e ot DirectDeposit @ee T DirectDeposit

UML diagram of a | xmiroobect ) Process

pipe-and-filter view e 5
capacity = 50 3 :FormatRejected
end-of-data = "EOT” String H " Records
whon-full = block for 2 sec and retry -
when-emptly = block for 20 soc and retry e 10

ﬁﬂ'o‘mlﬂ'”ﬂv ‘md

when-full » biock for 2 soc and retry
when-empty = block for 60 sec and retry

Source: Clements, P. et al. Documenting Software Architectures: Views and Beyond. Addison-Wesley, 2011



1. Structure Py ), | 2. Behavior

bdd [package] VehicleStructure [ABS-Block Definition Diagram] stm TreTraction [State Diagram] ) | interaction
«blOCK» «bloCk» I: —
Library:: «blocks Library:Elec act Prwenthdmp[ﬁdm!yDlagram}) state
Electronic And-Lock tro-Hydraulic
esieteind Controller Vatve machine
ibd [block] Anti-LockController
d1 (Internal Block Diagram] acti vity!
<blockn : function
Traction
E Detector N c1:modulator
xamples
. m1:Brake
definition use Modulator

Semi-formal rlreda oyt | 0 |

par [constraintBlock] StraightLineV ehicleDynamics [Parametric Diagram])

Vehide System Braking Subsystem 5 5
yS M I_ Specification Spedification
:BrakingForce

«requirements «requirements Equation
StoppingDistance Anti-LockPerformance [f = (tFbA*(1-41)]
id="102" id="87
text="Thevehicle shall stop text="Braking subsystem shall
from 60 mph within 150 ft prevent wheel lockup under all
on aclean dry surface.” braking conditions.”
:VelocityEquation
[a =w ﬂutlldl]
«deriveReqts
3. Requirements 4. Parametrics

19
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http://www.omgsysml.org/

Examples %
Sample_ Ara addComponent (Compb) ;

Formal :

Sample_Arch.weld(Connl, Comp5);
Sample_Arch.weld (Comp5, Conn2);

O(\@O‘ Comp5.start();
CO((\Q ' .. . .
- " Dynamic insertion of a component into a
componen omposite .
provide provserv; ‘ C2SADEL architecture.
require regserv; -
inst Style Pipe-Filter
Cl : CompTypel; P
2 : 2; | i
b;;d compype | cons;ﬁ? f?;mneaun' ® Type(c) = Pipe
provserv -- Cl.pserv; A Nc : Components; p : Port | p e Portsic) ® |
C2.rserv -- regserv; i Type (p) = DataInput V Type(p) = DataOutput ;
) |
Composite The p|pes—and—f|lt¢rs style declared in
Wright.
Family fam = {
Component Type compl { Port pl;

Component Type comp2
Connector Type connl
}

wn
g
0
H
al
g

Family sul fam extends fam with {
Component Type sub_ compl extends compl with {
Port pl = { Property attach : int <<default = 1>>; }

A composite component specified Component Type compd - { ... )

in Darwin (top) and (bottom) the | !

graphical view of the component Declaration in ACME of a family of
architectures, fam, and its subfamily, sub_fam,

which has new components and properties

Source: Medvidovic, N. and Taylor, R. N., A Classification and Comparison Framework for Software Architecture Description Languages, IEEE Trans.
Softw. Eng. 26, 1, 70-93, 2000.
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component Filter is abstraction() { connector Pipe is abstraction() {

connection inFilter is in(String) connection inPipe is in(String)
connection outFilter is out(String) connection outPipe is out(String)
protocol is { protocol is {

(via inFilter receive String (via inPipe receive String

via outFilter send String)= via outPipe send String)=*

3 }
behaviour is { behaviour is {

transform is function{d : String) : String { via inPipe receive d : String

unobservable via outPipe send d
behavior()

via inFilter receive d : String }

via outFilter send transform(d) }

behavior()
}

architecture PipeFilter is abstraction() {
behavior is {
compose {
F1 is Filter()
and P1 is Pipe()
and F2 is Filter()
} where {
F1::outFilter unifies P1::inPipe
P1::outPipe wunifies F2::inFilter

Examples

Formal )

}
3
m-ADL i
F 1 \E inFi pe ------ inFilter

outFilter F2

outFilter
I:l Component E Output connection (outwards) — ------- Unification

B Connector E Input connection (inwards)

Description of a simple pipeline architecture

Source: Cavalcante, E., Oquendo, F., Batista, T. Architecture-Based Code Generation: From 1-ADL Architecture Descriptions to Implementations in the 21
Go Language. ECSA 2015.



Tools
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Tools

PolarSys

K
@& PoLARSYS
q Open Source Tools for Embedded Systems
“ Description:
o Eclipse-based solution for SysML and UML
modeling

® Features:

o Model-based simulation, formal testing, safety
analysis, performance/trade-offs analysis,
architecture exploration

o Free and open source

“ Support:
o UML

o SysML
o ISO/IEC 42010

23
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8% Outline X

g
E wrawer

@ PopcornMachinesM 82

intertaces

£ ueston

@+ askQuestiont i QNo: Integen: Sirng

B Buy popcorn B

B3 ClassDiagram & ’——

el e
lelejelelelole|a

[onInitOK, onPickedUp, onSize, on.
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21 Popcorn StateMachine 83

[ properties £
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PopcornMachinesM

Z Fraunhofer
FOKUS
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Tools

Enterprise
Architect

ENTERPRISE
ARCHITECT
“ Description:
o High performance modelin%, visualization, and
design platform based on the UML 2.5

® Features:

o Business Modeling, Requirements Traceability,
Document Generation, Source Code Generation,
Reverse Engineering, §ystems Engineering and
Simulation

o Trial version (Academic price)

Support:
o UML 2.5

o BPMN
o SysML
o MDA
o C/C++
o Java

“ Homepage:
o httﬁ{//\l/vww.sparxsvstems.com.au/products/ea/ind
ex.htm

25
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B¢ bilingAddress
B closed

B¢ deliveryAddress |_
B¢ emailAddress
B¢ m_Order

B¢ name
Account()

B¢ ~Account()
wproperty» baski
«propertys billin
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createNewAccol—
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loadAccountDet
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Tools

ArchiMetric

/ . ! !
ArchiMetric
“ Description: AN

o An all-in-one software and system
development tool for end-to-end IT system
modeling

® Features:

o Enterprise Modeling, Document Production,
Project Management

o Full-featured trial for 30 days

“ Support:
o UML

o SysML

o ArchiMate

o Entity Relationship Diagram (ERD)
o Data Flow Diagram (DFD)

" Homepage:
o http://www.archimetric.com/
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Tools

IBM Rational
Rhapsody

e e 0BT software
escription:

o A proven solution for modeling and design
activities.

® Features:

o Visual software development environment,
Collaborative development, Model-based testing,
Management and traceability for integrated
requirements

o 90 day trial or Academic license

“ Support:
o UML

o SysML

o AUTOSAR
o DoDAF

o MODAF

“ Homepage:
o http://www-
03.iIbm.com/software/products/en/ratirhapfami

29
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“ 48 practitioners

“ Use of ADLs:
o 86% use UML or an UML profile,

o 9% use ad hoc or in-house languages (e.g.,
AADL, ArchiMate)

o 5% do not use any ADL

“ Needs of ADLs:
o Design (~66%), communication support (~36%),
and analysis support (~30%)

What mdUStry o Code generation and deployment support (~12%
needs from percent) and development process and methods

i | support (~18%)
architectura o
“ Limitations of ADLs:

Ianguages? o Insuficient expressiveness for non-functional
properties (~37%)

o Insuficient communication support for
nonarchitects (~25%)

o Lack of formality (~18%)

State-of-
the-practice

Source: Malavolta, I.; Lago, P.; Muccini, H.; Pelliccione, P. and Tang, A. What Industry Needs from Architectural Languages: A Survey IEEE Transactions 31
on Software Engineering, 2013, v. 39, n. 6, 869-891.



Future Directions
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Future

Directions

“ Additional perspectives for describing software
architectures
o Runtime

o Dynamic
o Mobile

“ Language features
o Support multiple views

o Customizations
o Programming facilities

“ Tools
o Automated analysis

o Architecture-centric development
o Large-view management

o Collaboration

o Versioning

o Knowledge management

28
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