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Outline of the course

" The course covers the following core topics:
1. Introduction to Software Architecture and Its Importance.

2. General Principles in Software Design and Architecture.

3. Main Architectural Styles:

o Layered Architecture (and N-Tier),

o Client-Server Architecture,

o MVC and its variations.

o Ports and Adapter

o Microservices

o etc
4. The Concept of Clean Architecture.
5. Describing and Documenting Software Architecture Using UML.

RIAD SONBOL - SPU 2
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Outline of the course Software
Architect's
Handbook

m:mﬁumnm_

= Textbooks:

" Ingeno, Joseph. Software Architect’s
Handbook. Packt Publishing Ltd, 2018.

= Martin, Robert C., Clean Architecture — |[EEE Clean Architecture
A Craftsman’s Guide to Software O — .SoftwareStructureandDesign
Structre and Design, Pearson , 2018.
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What do you know about Software Engineering?

= Software engineering is the branch of computer science that deals
with the design, development, testing, and maintenance of
software applications.

= Software engineering is the application of engineering principles to
the development of software systems.

* What are the main SE Development Activities?

I —
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problem

e object-oriented software

engineering development

The Context: B
SE Development Activities rmmrie.)

activities
.
1) Requirements Elicitation. [ | FunctTonal use case diagran

“'H____H_H

N

Analysis.

""'\-\._\_& I]
-\lC Analysis (Ch.5) )

W

D

Object Design.

o

)

)

) System Design.
)

) Implementation.
)

@)

Testing.

= Object-oriented software
engineering is iterative; that
IS, activities can occur in
parallel and more than once

class diagram

analysis obj

L \

mode |
f/

System de51gn
(Ch.6 & ?]

j}ié?f*’

design goals

dynamic model

state machine
diagram

sequence diagram

Subsystem
de:umpnﬂﬁtian

system design

object model

- Object design )

(Ch.8 & 9)

class diagram

=N

object design

made |

¢ Implementation

eaiirce coda

A (Ch. 10% _,.-’I




T h e C on t EXt 3 problem obje.ct—or.iented software

/ englqgerlng development
SE Development Activities emmtess) activities
\

nonfunctional functional ,
requil rements mode | use case diagram

In the last k3

Analysis (Ch.5) )

courses

analysis object

class diagram - — P stas$ag$§:1ne

——— " == N dynamic model -=::_‘___~_=-_
Sy{%hmﬁ tri;}lgn ﬁ ~ = | Sequence diagram
jeomposition | N & mm 4 e

system design
object model

design goals

Object design
(Ch.8 & 9)

o

object design
mode |

/

Implementation
(Ch. 10) JJ

| esurece cods Léf#ﬁ#ﬁ{i




. . = : nonfunctional
Why is Design so Difficult? I
—
A A : (\ Analysis U
- Focusesonthe | H model
. application domain _
________________________________________________ dynamic model
geas S analysis object
/ del
AcEnnas /// mode
s : <: System design F/
Focuses on the design goals
solution domain

________________________________________________

subsystem
decomposition

The solution domain is changing very rapidly

s
£

o Halftime knowledge in SE = 3-5 years _ _ i
] 1 Object design K
o Cost of hardware rapidly sinking object desian

e

o Design knowledge is a moving target mode]

——
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Modeling with UML- Quick
Overview




What is modeling?

= the process of building an abstraction of reality.

" |t involves creating a simplified representation that
captures essential features of a system.

" The goal is to make the complex reality more
understandable, manageable, and analyzable.
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UML diagrams

UML Diagram Type

structural Diagrams Behavioral Diagrams
] Diu;::.luchl'e Deployment Diagram Activity Diagram Use Case Diagram

r |
Package Profile Class State Machine | i . |
. . . . I Interaction Diagram
Diagram Diagram Diagram Diagram i :
Communication
Diagram

You can model 80% of most

UML Diagram

10

Sequence Diagram
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Use Case Diagram

= Why use a UC diagram?

o Represent interacts with people,
organizations, or external systems

> Represent the scope of your / Purchase
system Purahase Multi Card
i Single Ticket

= Actors?
. <<includes>>
o External objects that produce ccineludessd
Collect
Money

or consume data
<<extend8;;/7 “\\5<extends>>

NoChange

° @ person, an organization, or an
outside system
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Use Case Diagram

" There can be 5 relationship
types in a use case
diagram.

o Association between actor and
use case

i Purchase i

THHH : Single Ticket :

o Generalization of an actor ! |
! <<includes>> !

o Extend between two use cases

<<incl;;;;;;\\\$
Collect
Money

<<extendS;;/7 “\\5<extends>>

NoChange

° Include between two use cases
o Generalization of a use case
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Use Case Diagram

= Some Common Mistakes
o Extend vs Include?

Passenger

/

Purchase
Single Ticket

<<includes>>
<<includes>>
Collect
Money

<<extendS;;/7 “\\5<extends>>

NoChange

o Generalize vs Extend?

Purchase

o primary actor vs. secondary Multi card
u 1 ar

actor?
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Use Case Description

——————————————————————————————————————————————————————————————

Name: Purchase ticket ; Eventf/ow

| 1. Passenger selects the number
Participating actor: Passenger i of zones to be traveled.

2. Distributor displays the amount

| due.
Entry condition: |
| ' 3. Passenger inserts money, of at

- Passenger standing in front of lemst Hhe et e,

ticket distributor.

= Passenger has sufficient money ' 4. Distributor returns change.

to purchase ticket. i . 5. Distributor issues ticket.

EExit condition:

RIAD SONBOL - SPU 14




UML diagrams

UML Diagram Type

Behavioral Diagrams
] Diu;::.luchl'e Deployment Diagram Activity Diagram Use Case Diagram

r |
Package Profile Class State Machine | Interaction Diaaram |
Diagram Diagram Diagram Diagram : g :
Object Diagram Component Diagram

structural Diagrams

Sequence Diagram Diagram

You can model 80% of most
UML Diagram

15
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Class Diagrams

i <<entity>> Note i
! Frame | i
i D d !
| epenl ency memai:nimnrmeapmicaﬁun_ll] |
I <<entity>> !
| Window | ________________._ ' <<ontity>> |
. enti ¥ |
5 D P FoRa 1 Shape %= — — Absiract Class!
! sclose() l~ sdraw() |
! +move() A * [terase() !
| +display() I +maove() i
i [hendeswni ™ Aggregation Class ] |
i Boundary Class ‘?‘ B « — — Generalization |
| I Aftribute ;
| © | |
<<con trol>> <<boundary>> <<boundary>> | <<fnlity>> <<entity>> <<entity>> 5
DrawingContext ConsoleWindow DialogBox Circle Rectangle Polygon !
+setPoint() adius : float ;
+claarScreen() - -center : unsigned int |
+gelVerticalSize() Association = = = » +area(in radus - fioat) : double |
+getHorzontalSize() e scircum{) i
i A DataController +setCenter() 1 <<entity>> i
: [ +setRadius() > Point ;
. Control class t | i
! Operation Composition i
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Class diagrams represent the structure

Class Diagrams of the system.

<< gnlity>=>

Frame Used
Dependency T o during requirements analysis to
The main win o
| model problem domain concepts
I <<entity>> . .
— ‘ Window | ... _] o during system design to model
- e L subsystems and interfaces
+move() i . . .
+display( ! o during object design to model
*handieEvent) Aggregation |
Boundary Class EIS classes.
I Affribute
¥ |
=< oo ol == =<hounda ny>= =<boundary>> | {-:-ﬁlﬁtp-:- <<gntiby=> =<antity==
DrawingContext Cons cleWindow DialogBox Circle Rectangle Polygon
+setPoint() Eli,u.-um_t _
petvertcatSize) Association — — = » ::n:::.mn:t}dum
+getHorizontalSize) s scircum()
A DataController +setCenter() 1 <<entity>>
: | ssetRadius() - — Point
\ Control class i |
' Operation Composition
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C‘ D . A class represent a concept
dSS Uld g ams Class = state (attributes) + behavior
_________________________________________ e (operations)
Frame I
N + | Each attribute has a type.
e memanwnoon | Each operation has a signature.
| <<enlity>> ! .
T Window  |_________________._ <<entity>> :
:::r (E__wlr____:::]] ‘ mm:ﬁm -— - - Absfruct{:lussi
+move() < " |temsel)
+display() I +move()
[hendetweni ™| Aggreggffon e '
Boundary Class ZIS : D\ « — — Generalization
I Affribute |
v | ' A
=< oo ol == =<hounda ny>= < > {-:-ﬁ:ﬁtp-:- entity== =<antity==
DrawingContext ConsoleWindow ' Circle Polygon
+setPoint() .radius : float
+clears - -center | unsigned int
mwﬁgq} Association — — — » l\ o
+getHorzontalSize() p— | - scircumd) //
A +setCenter() 1 <<entity>>
: [ +setRadius() > - Point
. Control class i /
________________________________________________________________________ Operation Coposition
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Class Diagrams

Boundary Class

The main window of the applicﬂﬁun_lﬁ

| a “consists of” relationship

— = Absiract Class

&

I
Aggregation Class

I f|5 ) Attribute

- Inheritance

"has-a" or "whole/part" relationship

=< oo ol == ] ===
DrawingContext GW DialogBox Circle
+setPoint() i / | : float
sclparScrean| o S
,gﬂwmsiiﬂ{} Association — — — » , 1;:[}‘
+getHorzontalSize() p——r
A DataController )
I ssetRadius{) /7

Control class
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.,

A specific instance
of a class

An entity outside
the system

An abstraction modeling an
entity in the problem
domain inside the system




Association, Aggregation, and Composition

* Association(using relationship): The objects created and destroyed
independently and represented as one-to-one, one-to-many, or
many-to-many (also known as cardinality).

» Aggregation(HAS-A relationship): parent can exist without child and
a child can exist independently of the parent

* Composition(“death” relationship, PART-OF): parent destroyed,
child dies

I —
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UML diagrams

UML Diagram Type

Behavioral Diagrams
] Diu;::.luchl'e Deployment Diagram Activity Diagram Use Case Diagram

r |
Package Profile Class State Machine | Interaction Diaaram |
Diagram Diagram Diagram Diagram : g :
Object Diagram Component Diagram
Communication
Diagram

You can model 80% of most
UML Diagram

22

structural Diagrams

Sequence Diagram
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UML sequence diagrams

19

* Why UML Seq Diagram?
> To understand the flow of control and data between
various elements in a system.

> To identify the objects involved in a particular scenario
and the messages exchanged between them

> To find additional objects (“participating objects”)

= System Sequence Diagram (SSD) vs Sequence
Diagram
> A Sequence Diagram emphasizes the interactions
between objects within a system, while a System

Sequence Diagram (SSD) focuses on the interactions
between a system and its environment

/N

Passenger

TicketMachine

selectzone () >

insertCoins () L

pickupChange () .

pickUpTicket ()

:
!
[
U
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UML sequence diagrams

ZoneButton TarifSchedule

Passenger
1

selectZone ()

lookupPrice (sel étion)

displayPrice (price)

Display

---lx--

...to be continued...
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UML sequence diagrams

...continued from previous slide...

ChangeProcessof| CoinIdentifier Display CoinDrop
Passenger .

— N\nsertChange (coin) _ j
»—— lookupCoin (coin)

[

e Price

displayPrice(dwedAmount)

Dol

L]

returnChange(—oWedAmount)

[owedAmount<0]

T

...to be continued...
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UML sequence diagrams

% ...continued from previous slide...
ChangeProcessor
Passenger .
createTick ection)

—_—
Ticket

1
|- !
V D
T
1
>
>

print ()

free ()

Destruction
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UML diagrams

UML Diagram Type

structural Diagrams
] Diu;::.luchl'e Deployment Diagram Activity Diagram Use Case Diagram

Behavioral Diagrams

Package Profile Class State Machine
Diagram Diagram Diagram Diagram
Object Diagram Component Diagram
Sequence Diagram ST LT
q ar Diagram

You can model 80% of most

UML Diagram

RIAD SONBOL - SPU
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State Chart Diagrams

stm Bank ATM )

Why UML State Diagram? .%[ oft
/

Tri Effect
/__ State rigger \ //4 ec

} turn off / shutDown\
. . nitial State turn on / startup . Transition
* Modeling the behavior of an | ™™™ ‘ [ P failure s

interface, class, or turn off / shutDown SR
collaboration.

: . fail
bt State d|agrams emphaS|Ze the [ Idle W service ( Maintenance | N Out of Service J
event-ordered behavior of an J \ J™ senvice  \
object, which is especially cardinserted | | cancel C"m?*"”e e faiure
)
useful in modeling reactive r Service Customer )
systems. A Intemnal Activity

InC|dent Final State

o / J
_ Submachine State

Note that State is an Attribute or oo . Customer Selecting Transaction /9©
. ; : Authentication Transaction
Collection of Attributes of object of type \ /




UML diagrams

UML Diagram Type

structural Diagrams
] Diu;::.luchl'e Deployment Diagram Activity Diagram Use Case Diagram

Behavioral Diagrams

Package Profile Class State Machine
Diagram Diagram Diagram Diagram
Object Diagram Component Diagram
Sequence Diagram ST LT
q ar Diagram

You can model 80% of most

UML Diagram
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Activity Diagram

= Why Activity Diagram?
o |[lustrate a business process or workflow
between users and the system.

o Simplify and improve any process by
clarifying complicated use cases.

* Note that State is an Operation!

= State chart diagrams focus on the
internal state of an object or system
and how it responds to external events,
while activity diagrams focus on the

sequence of activities in a process or
workflow

RIAD SONBOL - SPU

‘ Insert Card '
‘ Enter PIN Fi Authorize
[valid PIM] [imvalid PIN]
Enter Amount
Gheckﬂccnum Balanca
[balance == amount] k [balance < amount]
\/ '

Take Money from Slot

Take Card

®

Debit Account

Show Balance

Eject Card




Other Modeling techniques!
UML is not everything in
practical projects




Diagram Elements

Flow Objects Connectors Artifacts
Data Object
Events Sequence ata LUbje
Flow
O -
[State]
Activities Message Flow Text
Annotation
=] b=
[ l E Asd Teat Here
Group
Gateways Association | |

Swimlanes

Pool

FMams

Lanes (within a Pool)

Name
Name | Name




Example

§ - »| Prepare Deliver
= Package for Package to
_E ~» Customer Customer
[a]

5 IE'L Start Event ”[ﬁ. Task ek or Cas Accept Cash
g J —C ar Check
o
Identify i
An Intermediate
g Payment x>--.. A Gateway ,I;;uant
.:J_‘r'ﬂ Method "Decision” i

[A Sequence Flow
CreditGard | 5 ihorize Process

Credit Card \ Credit Card

Financial Institution




Case Study: ARENA




Description

- ARENA is a multi-user, Web-based system for organizing and conducting
~ tournaments.

= ARENA is game independent in the sense that organizers can adapt a new

~ game to the ARENA game interface, upload it to the ARENA server, and ,
immediately announce and conduct tournaments with players and spectators |
located anywhere on the Internet. :

= Organizers can also define new tournament styles, describing how players are |

~ mapped to a set of matches and how to compute an overall ranking of players
by adding up their victories and losses (hence, figuring out who won the '
tournament).

= To recoup their operational costs, organizers can also invite potential sponsors§
to display advertisement banners during games. '

RIAD SONBOL - SPU 35




First Step/ b

Requirements Elicitation
& Initial Analysis "




Description

b-based system for organizing and conducting
How to Start a New

main terms, entities, and
nt in the sense that or e o= N (S F1aIK:
interface, upload it to .
immediately announce and conduct tournaments with players and spectators
located anywhere on the Internet.

Software Project!!

= Organizers can also define new tournanfRGAESICUSRCYIEEINE, o\ players are

 mapped to a set of matches and how tc (use cases) king of players
by adding up their victories and losses ( Wno won the
tourname

: Main processes, flows,
= To recouy
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= ARENA is a multi-user, We Good Starting
. tournaments. Point

' ARENA is game independs B s can a da|:_> a hew
~ game to the ARENA game #Proad it to the ARENA serves, and i
immediately announce and conduct tournaments with players alnd spectators

located Noun Phrases = main concepts ¥ ’I

- Organizers can also define new tournament styles, describing how players are|
~ mapped to a set of matches and how to compute an overall ranking of players:

by adding up their victories and losses (hence, figuring out who won the
tournament).

= To recoup their operational costs, organizers can also invite potential sponsors§
to display advertisement banners during games. ’
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______________________________________________________________________________________________

el You need more clarifications

YAV NEERRBIEEIRIAY from your client to understand ghiies
. organizing and conducting
some terms

= ARENA is game independe
. organizers can adapt a ne - atches
game interface, upload it to the ARENAServer, | | qulti-user web-based system
and |mmed|ately announce and conduct |
tournaments with players and spectators located

operational costs

anywhere on the Internet. | Organizers
= Organizers can also define new tournament styles, Players
. describing how players are mappedtoasetof | | potential sponsors

matches and how to compute an overall ranking
of players by adding up their victories and losses

ranking of players

(hence, figuring out who won the tournament). | Server

i . . . . | Spectators

= To recoup their operational costs, organizers can ,

. also invite potential sponsors to display i thetournament
advertisement banners during games. ~ tournament styles

___________________________________________________________________________________________________________________________________________________________________________
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_________________________________________________________________

New clarifications

= ARENA is a multi- =» Better Understanding
. organizing and co ) :
=2 New possible Terms, actions, processes

= ARENA is game ing
. organizers can ads —atcnes

game interface, u | multi-user web-based system

and |mmed|atfv : o \ _
tournaments A Tournament is a series of Matches . operational costs
anywhere on among a set of Players. Tournaments Organizers

5 _ end with a single winner. The way Players
- Orgar]lz.e s Ca accumulate points and Matches are _
- describinghd ¢ pequled is dictated by the League in potential sponsors

matches and ér\x which the Tournament is organized. ranking of players
of players by

Players

(hence, figuring out who won the tourism. Server
/The TournamentStyle defines the number of Matches and Spectators

their sequence for a given set of Players. For example,
Players face all other Players in the Tournament exactly
o once in a round robin TournamentStyle.

the tournament

tournament styles

_________________________________________________________________________
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Description

= ARENA is a multi-user, Weh-bhased sys/T e Pl 0 Con.qmunit)./for runn{n.g 0
organizing and conducting tournamer ournaments. A League is assoc:atfzd with O.SpeCIfIC Game

, and TournamentStyle. Players registered with the League

= ARENA is game independent in the se| accumulate points according to the ExpertRating defined

. organizers can adapt a new game to tl in the League. For example, a novice chess League has a
game interface, upload it to the AREN&\‘ different ExpertRating formula than an expert League.

_________________________________________________________________________

and |mmed|atfv
tournaments A Tournament is a series of Matc perational costs
anywhere on among a set of Players. Tournam, Organizers
5 _ end with a single winner. The way S Players
§' dorganl'gz,e r's ﬁa accumulate points and Matchg tre _
€SCriDINg N0 scheduled is dictated by the League in potential sponsors
matches and

é& which the Tournament is organized. ranking of players

of players by
(hence, figuring out who won the tourism.

The TournamentStyle defines the number of Matches and
their sequence for a given set of Players. For example,
Players face all other Players in the Tournament exactly

o once in a round robin TournamentStyle.

Server

-

Spectators
the tournament

tournament styles

_________________________________________________________________________
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Table 4-4 Working glossary for ARENA. Keeping track of important terms and their definitions ensures
consistency in the specification and ensures that developers use the language of the client.

= ARE!

orga Game A Game is a competition among a number of Players that is conducte

| according to a set of rules. In ARENA, the term Game refers to a piece of softwa !
i' ARE" that enforces the set of rules, tracks the progress of each Player, and decides the
orga winner. For example, tic tac toe and chess are Games.
- gam(, _ . i
; . Match A Match is a contest between two or more Players following the rules of a [ |
and | Game. The outcome of a Match can be a single winner and a set of losers or a tie |
tourl (in which their are no winners or losers). Some Games may disallow ties.
§ anyv |
; Tournament A Tournament is a series of Matches among a set of Players. Tournaments i
i' Orga end with a single winner. The way Players accumulate points and Matches are
desc scheduled is dictated by the League in which the Tournament is organized.
. matc — _ _ i
i fol League A Le_ague nf:pre:'».ent.ﬁ_z_l community for running Tournaments. A_ League_m
i orp associated with a specific Game and TournamentStyle. Players registered with ;
(hen the League accumulate points according to the ExpertRating defined in the
. To re L_E.ElgLJE- For example, a novice chess League has a different ExpertRating
! formula than an expert League. !
. also ;
adve TournamentStyle The TournamentS5tyle defines the number of Matches and their sequence for a
given set of Players. For example, Players face all other Players in the

_- Tournament exactly once in a round robin TournamentStyle. ﬁ



_____________________________________________________________________________

Another Good Starting Point

- ARENA is a multi-use .
e develop an example scenario

organizing and cond

= ARENA is game indep

. organizers can adapt —Matches
game interface, upload it to the ARENA server, |
and |mmed|ately announce and conduct
tournaments with pIayers and spectators located |

- Organizers can also define new tournament sty RA%glel SRR\ lg IR oW VoIl g Mo NI

describing how players are mapped to a set of WreNlaetele - XA R ele [Jexse lele Mo l-2ai=1e
matches and how to compute an overall rankin S —s expectation of the system,
of players by adding up their victories and losse

(hence, figuring out who won the tournament). including the boundary of the system
and the kinds of interactions

between the user and the system

multi-user web-based system

operational costs

= To recoup their operational costs, organizers ca
. also invite potential sponsors to display
advertisement banners during games. . | tournament styles

___________________________________________________________________________________________________________________________________________________________________________
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Requirements and High-Level Use Case
Dlagram




Description

_________________________________________________________________________

advertisement banners

' ARENA is a multi-user, Web-based system for

organizing and conducting tournaments. - Game
i _ , _ . | Game interface
= ARENA is game independent in the sense that
~ organizers can adapt a new game to the ARENA | | Matches
game interface, upload it to the ARENA server, | |  multi-user
and immediately announce and conduct . | operational costs
tournaments with players and spectators located | | ..
ganizers
anywhere on the Internet.
Players

- Organizers can also define new tournament styles,
. describing how players are mapped to a setof
matches and how to compute an overall ranking

potential sponsors

ranking of players

of players by adding up their victories and losses . Server
(hence, figuring out who won the tournament). | |  spectators

= To recoup their operational costs, organizers can . the tournament
also invite potential sponsors to display .| tournament styles

advertisement banners during games. League

___________________________________________________________________________________________________________________________________________________________________________
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Description

_________________________________________________________________________

= ARENA is a multi-user, Web-based system for EEe
. organizing and conducting tournaments. o Game
| : : : | Gamedinterface
= ARENA is game independent in the sense that i
. organizers can adapt a new game to the ARENA | | Matches ARONYMOUS;
game interface, upload it to the ARENA server, | multi-user Adri
and |mmed|ately announce and conduct | operationaleosts
tournaments with players and spectators located | Organ;
Lo ganizers
anywhere on the Internet. A League owner
| aE: Players
- Organizers can also define new tournament styles; | potential SIOOmMPblayer |
. describing how players are mapped toasetof | , advertiser
- .1 rankingefplayers
matches and how to compute an overall ranking |
of players by adding up their victories and losses | |  Server
(hence, figuring out who won the tournament). | |  spectators
i : : : T o i) Spectators
= To recoup their operational costs, organizers can | ;| Reiournamenr
. also invite potential sponsors to display . | tournamentstyles
advertisement banners during games, | League

___________________________________________________________________________________________________________________________________________________________________________
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Till Now ©

T

Operator

T

LeagueOwner

T

NOW
Let us focus on
services!

- X

Anonymous

Advertiser
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Description

' ARENA is a multi-user, Web-based system fo¢ -=-—

———————————————————————————————————————————————————————————————————————————————————————————————————
e

organizing and conducting tournaments.

= ARENA is game independent in the sense that f&

- organizers can adapta new game tothe ARENA' _ _ .|
game interface, upload it to the ARENA server, i I [ lti-user web-based svstem
and |mmed|ately announce and conduct - ----_.
tournaments with players and spectators located : !
anywhere on the Internet. S . Organizers

= Organizers can also define new tournament styles,

. describing how players are mapped to a setof
matches and how to compute an overall ranking
of players by adding up their victories and losses
(hence, figuring out who won the tournament).

Spectators

' To recoup their operational costs, organizers can ;|
. also invite potential sponsors to display_ . | ‘thetournament

advertisement banners during games. IR /121 aceAdvertisements

_________________________________________________________________________
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Main services for each Actor

* The operator should be able to
define new games, define new
tournament styles (e.g., knock-out
tournaments, championships, best
of series), define new expert rating
formulas, and manage users.

* League owners should be able to
define a new league, organize and
announce new tournaments within
a league, conduct a tournament,
and'declare a winner.

= Players should be able to registerin
an arena, apply for a league, play
the matches that are assigned to
the player, oridrop out of the
tournament.

= Spectators should be able to

monitor any match in progress and
check scores and statistics of past
matches and players. Spectators do
not need to register in an arena.

» The advertiser should be able to

upload new advertisements, select
an advertisement scheme (e.g.,
tournament sponsor, league
sponsor), check balance due, and
canceladvertisements.
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usSe CasSes

C_

ManageUserAccounts

Operator ': ) Q «lnitiates ©
«initiates /K

zinitiates

ManageComponents Register

S Anonymous
«initiates <:i_ :::>
DefinelLeague «initiates
«participates» (:::::i::)

LeagueOwner C::::::fjj} Jﬁ,,;#ﬂ““’ A ManageOwnProfile
«initiates

DrganizETnd}nament
«initiates ©

BrowseTournamentHistory

«participate

Advertiser Manage Advertisements Spectator

Mo
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uSe CasSes

Register

ManageUserAccounts

ManageComponents

DefinelLeague

OrganizeTournament

ManageAdvertisements

ManageOwnProfile

BrowseTournamentHistory

Anonymous users register with an Arena for a Player or a League-
Owner account. User accounts are required before applying for a
tournament or organizing a league. Spectators do not need accounts.

The Operator accepts registrations from LeagueOwners and for
Players, cancels existing accounts, and interacts with users about
extending their accounts.

The Operator installs new games and defines new tournament styles

The LeagueOwner defines a new league |

The LeagueOwner creates and announces a new tournament, accepis
player applications, schedules matches, and kicks off the tournament.
During the tournament, plavers play matches and spectators follow
matches. At the end of the tournament, players are credited with points

The Advertiser uploads banners and sponsors league or tournaments

The Players manage their subscriptions to mailing lists and answer a
marketing survey.

Spectators examine tournament statistics and player statistics, and
replay matches that have already been concluded |(
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Non-Functional Requirements

= Low operating cost: The operator must be able to install and administer an arena
without purchasing additional software components and without the help of a
full-time system administrator.

= Extensibility: The operator must be able to add new games, new tournament
styles, and new expert rating formulas. Such additions may require the system to
be temporarily shut down and new modules (e.g., Java classes) to be added to
the system. However, no modifications of the existing system should be required.

= Scalability: The system must support the kick-off of many parallel tournaments
(e.g., 10), each involving up to 64 players and several hundreds of simultaneous
spectators.

= Low-bandwidth network: Players should be able to play matches via a 56K analog
modem or faster.
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Detailed Use Cases




usSe CasSes

C_

ManageUserAccounts

zinitiates

Operator ': ) Q initiates ©
“initiate» ManageComponents LR Reaietor
OrganizeTournament The LeagueOwner creates and announces a new tournament, accepts

player applications, schedules matches, and kicks off the tournament.

«inmt During the tournament, players play matches and spectators follow
matches. At the end of the tournament, players are credited with points
“-l..ltl.[ LT TpHaLETa /\ II\-‘_\-\_\__'-F.-‘_,J/}
LeagueOwner #layer ManageOwnProfile
«initiates

OrganizeTournament

«participate

Advertiser Manage Advertisements Spectator

% «initiates ©

BrowseTournamentHistory
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Use case name OrganizeTournament

Use Case
Specification

Participating Ininiated by LeagueOwner
actors Communicates with Advertiser, Player, and Spectator
Flow of events I. The LeagueOwner creates a Tournament, solicits sponsorships from

Advertisers, and announces the Tournament (include use case
AnnounceTournament).

. The Players apply for the Tournament (include use case

ApplyForTournament).

. The LeagueOwner processes the Player applications and assigns them to

matches (include use case ProcessApplications).

. The LeagueOwner kicks off the Tournament (include use case

KickoffTournament).

. The Players compete in the matches as scheduled and Spectators view the

matches (include use case PlayMatch).

. The LeagueOwner declares the winner and archives the Tournament (include

use case ArchiveTournament).

Entryv condition .

The LeagueOwner is logged into ARENA.

Exit conditions .

The LeagueOwner archived a new tournament in the ARENA archive and the
winner has accumulated new points in the league, OR

The LeagueOwner cancelled the tournament and the players’ standing in the
league 1s unchanged.

________________________________
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LeagueOwner

«initiates

CD | «includes (D

OrganizeTournament ,
9 - ArchiveTournament
_— o —
«include» —_ < \ ™~ —
e = .-"'". ""'\-.,H e — )
- -~ —_ aincludes

——

. uinc]udew
Detailed use cases “ «includer\| cincluder > @

w x\ N
ref|n|ng the AnnounceTournament ( © PlayMatch

,H ProcessApplications

KickoffTournament

OrganizeTournament ApplyForTournament
high-level use case. ‘

«participate»

Player

Advertiser

Spectator

RIAD SONBOL - SPU 56




Name AnnounceTournament

Farticiparing  Initiated by LeagueOwner
actors Communicates with Player, Advertiser, Spectator

Flow of events 1. The LeagueOwner requests the creation of a tournament.

2. The system checks if the LeagueOwner has exceeded the number
of tournaments in the league or in the arena. If not, the system
presents the LeagueOwner with a form.

3. The LeagueOwner specifies a name, application start and end dates during which

Players can apply to the tournament, start and end dates for conducting the
toumament, and a maximum number of Players.

S ee th e Ievel 4. The system asks the LeagueOwner whether an exclusive
. > sponsorship should be sought and, if yes, presents a list of
of details!

: Advertisers who expressed the desire to be exclusive sponsors.

______________________________________

5. If the LeagueOwner decides to seek an exclusive sponsor, he selects a subset of the
names of the proposed sponsors.

6. The system notifies the selected sponsors about the upcoming
tournament and the flat fee for exclusive sponsorships.
7. The system communicates their answers to the LeagueOwner.

8. If there are interested sponsors, the LeagueOwner selects one of them.

9. The system records the name of the exclusive sponsor and charges
for sponsorships to the Advertiser’s account. From

wgment banners associated with the tournament
- nsor only.

because no




C D =

- — __ __«extend» InvalidDate

e

AnnounceTournament —
= iextend» AdvertiserCreditExceeded

foN S~

!
J/f__ NoMatchingSponsorFound
D C__D

MaxMumberOfTournamentsExceeded

NamelnlUse
D e e p e r AdvertiserCreditExceeded The system removes the Advertiser from the list of potential
SPONSOrs.
InvalidDate The system informs the LeagueOwner and prompts for a new date.
MaxNumberOfTournaments The AnnounceTournament use case is terminated.
Exceeded
NameInUse The system informs the LeagueOwner and prompts for a new name.
NoMatchingSponsorFound The system skips the exclusive sponsor steps and chooses random

advertisements from the advertisement pool.
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C_

o

«initiates @

«initiate»
ManagelserAccounts
[ ] [ ]
[he Blg Picture C_ D 7
winitiates
ManageComponents /)\\ Register
—_ Anonymous
«initiates ( >
DefinelLeague a1n1t1ate»
apart1c1pate»
LeagueOwner LeagueOwner Player ManageQwnProfile
«initiates “1n1t1atE”Drganiz ournament
C ) _ xincludes «participate
~___ S T T — = «initiates xinitiates
OrganizeTournament N C F)
_— T T
- N~ . - - BrowseTournamentHistory
_, h ~ - Advertiser Mahage Advertisements Spectator
. .
«includes —> (/) 4

«includes . —
«includes .-

AnnounceTournament <:jd___ahi\
—\_\_,_.—""-,J

ANpTyForTournament

«1nc]ude»
PracessApp11cat1ans C::::::::>
KickoffTournament

«participates

&
e
g '??:,?
o W Py
'I‘:J Pareios h“;“e
oy C}Dﬂt Sy
g @ e
| L7
&y
Cr
o a3
e Player
«extend» _ — - "
«extends InvalidDate
Spectator

-
- _

D
AdvertiserCreditExceeded

AnnounceTournament

— wextend»
=
-

-
—
—_—

7
\\\

C_>

MaxNumberOfTournamentsExceeded

wextends»
NoMatchingSponsorFound

«extends» |
I

C >

A

NameInUse
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|[dentifying Entity Objects




Flow of events 1. The LeagueOwner requests the creation of a tournament.

. . . 2. The system checks if the LeagueOwner has exceeded the number of
d feW Sim ple heu ristics tournaments in the Teague or in the arena. If not, the system presents

to distinguish between the LeagueOwner withaform. |
noun phrases that

COrrespond to ObjeCtS, the tournament, a

: 4. e system asks the LeagueOwner whether an exclusive sponsorship
attrlbUteS’ a nd should be sought and, if yes, presents a 1ist of Advertisers who
associations expressed the desire to be exclusive sponsors.

amaximum number of Players.

. If the LeagueOwner decides to seek an exclusive sponsor, he selects a subset of the
names of the proposed sponsors.

6. The system notifies the selected sponsors about the upcoming tournament
and the flat fee for exclusive sponsorships.
7. The system communicates their answers to the LeagueOwner.

e Attributes represent a single
property of an object.

________________________________________________________________

8. If there are interested sponsors, the LeagueOwner selects one of them.

9. The system records the name of the exclusive sponsor and charges the flat
fee for sponsorships to the Advertiser’s account. From now on, all
advertisement banners associated with the tournament are provided
by the exclusive sponsor only.

10.If no sponsors were selected (either because no Advertisers were
interested or the LeagueOwner did not select any), the advertisement
banners are selected at random and charged to each Advertiser’s
account on a per unit basis.

| 1.Once the sponsorship 1ssues is closed, the system prompts the

LeagueOwner with a 1ist of groups of Players, Spectators, and

Advertisers that could be interested in the new tournament.




Flow of events 1. The LeagueOwner requests the creation of a tournament.

a few simple heuristics
to distinguish between
noun phrases that
correspond to objects,
attributes, and
associations

____________________________________________________________

* Complex concepts are
represented as objects that
are related to other objects
with associations.

2. The system checks if the LeagueOwner has exceeded the number of
tournaments in the Teague or in the arena. If not, the system presents
the LeagueOwner with a form.

the tournament, and #Zmaximum number of Players.

4. TheAystem asks the LeagueOwner whether an exclusive sponsorship
ould be sought and, if yes, presents a 1ist of Advertisers who
expressed the desire to be exclusive sponsors.

3. Iithe LeagueOwner decides to seek an exclusive sponsor, he selects a subset of the
names of the proposed sponsors.

6. The system notifies the selected sponsors about the upcoming tournament
and the flat fee for exclusive sponsorships.
7. The system communicates their answers to the LeagueOwner.

_____

8. If there are interested sponsors, the LeagueOwner selects one of them.

fee for sponsorships e Advertiser’s account. From now on, all

wmm&ammﬁﬁﬂd “with the-tourtiament are provided

| by the exclusive sponsor only.

10.If no sponsors were selected (either because no Advertisers were
interested or the LeagueOwner did not select any), the advertisement
banners are selected at random and charged to each Advertiser’s
account on a per unit basis.

| 1.Once the sponsorship 1ssues is closed, the system prompts the

LeagueOwner with a 1ist of groups of Players, Spectators, and

Advertisers that could be interested in the new tournament.




Entity Object

Attributes & Associations

Definition

Entity Object

Attributes & Associations

Definition

Account

balance
history of charges (7)
history of payments (7)

An Account represents the amount currently
owed by an Advertiser, a history of charges,
and payments.

Advertiser

name
leagues of interest for
exclusive sponsorships (7)
sponsored tournaments
account

Actor interested in displaying advertisement
banners during the Matches.

Advertisement

associated game (7)

Image provided by an Advertiser for display
during matches.

Arena

max number of tournaments
flat fee for sponsorships (7)
leagues (implied)

interest groups (implied)

An instantiation of the ARENA system.

LeagueOwner name (implied) The actor creating a League and responsible
for organizing Tournaments within the
League.

—— Match tournament A Match is a contest between two or more
players Players within the scope of a Game. The

outcome of a Match can be a single winner and
a set of losers or a tie {in which their are no
winners or losers). Some TournamentStyles
may disallow ties.

Player name (implied)

Tournament name A Tournament is a series of Matches among a

Game

A Game is a competition among a number of
Players that is conducted according to a set
of rules. In ARENA, the term Game refers to a
piece of software that enforces the set of rules,
tracks the progress of each Player, and
decides the winner.

application start date
application end date
play start date

play end date

max number of players
exclusive sponsor

set of Players. Tournaments end with a
single winner. The way Players accumulate
points and Matches are scheduled is dictated
by the League in which the Tournament is
organized.

InterestGroup

list of players, spectators, or
advertisers

games and leagues of
interests (implied)

InterestGroups are lists of users in the
ARENA which share an interest (e.g, for a game
or a league). InterestGroups are used as
mailing lists for notifying potential actors of
new events.

League

max number of tournament
game

A League represents a community for running
Tournaments. A League is associated with a
specific Game and TournamentStyle.
Players registered with the League
accumulate points according to the
ExpertRating of the League.

R A A R RRRRRERREREEEEEESSSL——GYNNRRRRR™T™ =
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|[dentifying Boundary Objects

= Boundary objects
represent the
interface between
the system and the
actors. They are
identified from the
use cases and
usually represent
the user interface
at a coarse level.

Boundary Object

Definition

TournamentForm

Form used by the LeagueOwner to specify the properties
of a Tournament during creation or editing.

RequestSponsorshipForm

Form used by the LeagueOwner to request sponsorships
from interested Advertisers.

SponsorshipRequest

Notice received by Advertisers requesting sponsorship.

SponsorshipReply

Notice received by LeagueOwner indicating whether an
Advertiser wants the exclusive sponsorship of the
tournament.

SelectExclusiveSponsorForm

Form used by the LeagueOwner to close the sponsorship
1SSUe.

NotifyInterestGroupsForm

Form used by the LeagueOwner to notify interested users.

InterestGroupNotice

Notice received by interested users about the creation of a
new Tournament.
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|[dentifying Control Objects

= Control objects represent the coordination among boundary and
entity objects.

= In the common case, a single control object is created at the
beginning of the use case and accumulates all the information
needed to complete the use case, then destroyed with the
completion of the use case

= Example:

> AnnounceTournamentControl, which is responsible for sending and collecting

notices to Advertisers, checking resource availability, and, finally, notifying
interested users
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Modeling Interactions Among Objects




:Tournament
tArena :League

Form
League Owner | mu:

nEwTaurnameq}(1eague}

Announce
create» .
22 | fournament UML sequence diagram for
Control AnnounceTournament,
n checkMaxTournament () tournament creation
aetNameiname)l
- workflow.

-1 ‘

5etMaxP1ayer§£Taxp)

commit() ‘
®™T| createTournament(name,maxp)

-
createTournament(name,maxp)
i = «creates
— == :Tournament

T | ‘

I T I
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:Request
Sponsorship

:Announce
Tournament

Form

Control

League Owner

:Tournament

tArena

requestExclusiveSponsor()

—r

notifyLeagueOwner()
J_..-_ }

—-

reqUEEtExc1u5ivESpun5ur[}|

confirmSponsorInterest()

findInterestedExclusiveSponsors()

x

Advertiser

UML sequence diagram for

:Sponsorship

AnnounceTournament use

| Request case, sponsorship workflow
notifySponsor()
«creates | reply(yesNo)

: S5ponsorship |

Reply

=

]

selectSponsor()

e ‘

setSponsorship(sponsor)
setSponsorship(sponsor)

= setSponsorship(sponsor)

—

B
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N

League Owner

:Notify
Interest
GroupskForm

:Announce
Tournament
Control

:Interest

Group

—

notifySponsorsOfDecision()

notifySponsorsOfDecision()

—k

L o

nntifyInteréstﬂruups(}
1

= «creates
— — — —— _a..

:SEnnEGr

Notice

nctﬁfylntergﬁtﬂrnupE{) |
= notifyInterestGroups()
-

X

Player

notifyAdvertiser(ydsNo)

N

Advertiser

UML sequence
diagram for
AnnounceTourna

«creates -Interest ment use case,
GroupNotice interest group
o u notifyPl a‘;’EII‘(:I' workflow
| | | B
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<> Arena <>
1 1
max tournaments -
sponsorship fee 1

Advertiser

1 1 1
09 0 01
Entity objec-ts identified rdverts coment
after analyzing the
AnnounceTournament 1 Account
use Case balance
charges
* payments
LeagueOwner %
Q 1 L Game - .
League - - Interest Group
1 * - 1
% 1y TournamentStyle &
Tournament User
Q . name
il . . contact
Match Player
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Inheritance

e e e e e e e e e e e e e e e e e e e e e e e e e e e e - e rare RV among

User
I |
LeagueOwner Advertiser Player
Game TournamentStyle

T

A

entity objects of
the
AnnounceTourna
ment use case

TicTacToe

Chess

KnockOutStyle

RoundRobinStyle
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