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Notify
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&
Figure 2-42  Example of decision in the OpenIncident process. If the Incident(ig_a ire and is of high
priority, the Dispatcher notifies the Fi reChief) If itﬁs a high-priority Incident that is not a fire, the
PoliceChief is notified) In all cases, the Dispatcher allocates resources to deal with the Incident.
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: UML Class Jﬂ:"

CLASS DIAGRAM

*Class diagram 1is also known as static system modeling
«It addresses the structural view of a problem.
*[t defines the:

— classes (concepts) in the system,

—their attributes,

— operations,

—and the relationships between these classes.

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011
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Name
compartment

Optional
attribute
compartment

Optional
operation
compartment

Optional Visibility Adornments

(+public, -private, #protected, -packi

}

&
ook —

Class name
(in italics If abstract)

» Attribute name

#itle Stringe—

#available : Boolean = true

<<constructor‘>_>_____..—-——-
+Create()

+copiesOnShelf() : Int

L Attribute type

¢ [nitial value

L Operation with

class scope and
<<stereotype>>

Operation

+borrow(c:Copy)

signatures

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011

Reference: D. Rosenblum, UCL
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DATA DRIVEN APPROACH

* Some heuristics/hints of what kind of things are classes [Shlaer and Mellor; Booch]:

* Tangible or “real-world” things — e.g. book, copy,

ST@ENTS-MB!

course;

Roles- e.g. library member, student, director of studies,

Events- e.g. arrival, leaving, request;

Interactions- e.g. meeting, intersection

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011
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EXAMPLE DATA DRIVEN APPROACH
NOUN/VERB ANALYSIS

Books and journals:

The library contains books and journals. It may have several copies of a given book.
Some of the books are for short term loans only. All other books may be borrowed by
any library member for three weeks. Members of the library can normally borrow up to
six items at a time, but members of staff may borrow up to 12 items at one time. Only
members of staff may borrow journals.

Borrowing:
The system must keep track of when books and journals are borrowed and
returned, enforcing the rules described above.

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H 6
"Software Modling and Design" 2011
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EXAMPLE(DATA DRIVEN APPROACH
NOUN/VERB ANALYSIS) 2+'s@¢T

Books and journals:

The library contains books and journals. It may have several copies of a given book.
Some of the books are for short term loans only. All other books may be borrowed by
any library member for three weeks. Members of the library can normally borrow up to
six items at a time, but members of staff may borrow up to 12 items at one time. Only
members of staff may borrow journals.

Borrowing:
The system must keep track of when books and journals are borrowed and

returned, enforcing the rules described above.

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H 7
"Software Modling and Design" 2011
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EXAMPLE DATA DRIVEN APPROACH:
NOUN/VERB ANALYSIS

Book
Wk
: capy UV
LibraryMember ookCopy v m )‘ i adl}j
)

wpf oyt g

ke (s UL
StaffMember Journal 3"""}1 U;
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EXAMPLE DATA DRIVEN APPROACH:
NOUN/VERB ANALYSIS

Books and journals:

The library contains books and journals. It may have several copies of a given book.
Some of the books are for short term loans only. All other books may be borrowed by
any library member for three weeks. Members of the library can normally borrow up to
six items at a time, but members of staff may borrow up to 12 items at one time. Only
members of staff may borrow journals.

Borrowing:
The system must keep track of when books and journals are borrowed and
returned, enforcing the rules described above.

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H. 5
"Software Modling and Design" 2011
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EXAMPLE DATA DRIVEN APPROACH:
NOUN/VERB ANALYSIS
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ASSOCIATIONS..2

* On class diagrams, an association is shown as an arc
joining the two class boxes, with the name of the
association next to the arc.

Company

name: String

address: String
. .. businessSector: String
* In class diagrams, association names usually read from left =

to right and top to bottom.

. . 1
* However, on a large class diagram with many classes,

classes are usually in different positions relative to each v deledly
other. I
* To avoid ambiguity when reading UML class diagrams, CEO

COMET uses the UML arrowhead notation to point in the —————
direction cmployccld? String
address: String

phoneNumber: Integer

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011

MULTIPLICITY OF ASSOCIATIONS

* The multiplicity of an association specifies how many instances of
one class can

» relate to a single instance of another class.

* The multiplicity of an association can be as follows:
— One-to-one association.
— One-to-many association
— Numerically specified association

— Optional association: In an optional association, there might not always be
a link from an object in one class to an object in the other class.

— Many to many associations

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011
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Bank Car Customer
g modelName: String customerName: String
bankName: String manufacturer: String customerld: String
bankAddress: String modelYear: Date customerAddress: String
|
|
| vy Owns

v Isentered through

1 o) . —
v Administers . <% ) o 0.l
L.} DebitCard
B Door
cardld: Integer
Account height: Real PIN: String
width: Real startDate: Date
accountNumber: Integer depth: Real expirationDate: Date
balance: Real windowArea: Real status: Integer
material: String limit: Real
total: Real
Example of aneo-many association ). Numerically specified association Optional (zero or one) association
Course Customer
courseld: String customerName: String
mun:N ane: Shifia customerld: String
\L.m”"‘.,‘ ]“km'w £ customerAddress: String
semester: Slrl;lg |
- \“:"\ \)IDG ) Y  Owns
' - I Enrollsin A | W Isattended by
s - \ - - 0.*
Yo wslyp () fif
, CreditCard
T . -
a” Lllaty\ Student e
B cardType: Integer
studentName: String cardld: Integer
studentld: String startDate: Date
studentAddress: String expirationDate: Date
studentType: String status: Integer
Figure 7.6. Many-to-many association Optional (zero, one, or many) association

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H.
"Software Modling and Design" 2011
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EXAMPLE CLASS DIAGRAM hacs Liasfam

Managed by \ \ P .
1 « 1 1| Provides service for p CL“ ) ( - 0

President Bank

[ - .~ .
l M Owns ) Customer au Q "” K‘b <‘
Administers 5% M“ P ) ? jdﬁl‘& (o‘k\-‘
v :\vns - N 4
1 0.1 1. A‘,,.Jl o._chl

Provides access to
DebitCard | = > 1.* Account

FN oy 5

Figure 7.7. Example of associations on a class diagram

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H
"Software Modling and Design" 2011

TRINARY ASSOCIATION

* A ternary association is a three-way association among classes.

» An example of a ternary association is among the classes Buyer, Seller, and Agent. O
* The association is that the Buyer negotiates a price with the Seller through an Agent. -

» -
Buyer Seller ) \-AN ! ] - du L.
) o name: String _ - - ' s
" ~ s
y— ¢ |
homePriccTarget: Intcger ? P ‘{ = )'p \ S’

name: St
addre:

company: String
workPhoneNumber: String
homePhoneNumber: String

Figure 7.9. Example of ternary association

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H
"Software Modling and Design" 2011
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* A unary association, also — .
referred to as a self- M ¢ (Pf&ﬂ’ﬂe’,’c )

association, is an association

between an object of one class Course
and another object in the same

Figure 7.10. Example of unary association
class
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ASSOCIATION CLASSES B 235 o

* An association class is a class that models an association between two or more . \, :: s X
* classes Q{“‘ ¥\ - a \
'~
« The attributes of the association class are the attributes of the association. A .Ly [P :
L allrbde 3 W

Employee Project 9‘)“‘— )) g) ju é.P’ “'
employeeName: String . Workson B> .| projectld: String SMﬁ a}
e yeeld: rojectName: String yl k&\ \‘P
employeeAddress: String <« Is staffed by .r'n. / ; "“. e " ‘S 3\5
level: String A.u
e i , - . d M y Wh[' A\-‘

ours B
hoursWorked: Real ‘Hn% )‘ d\b M 2
G’ ”[ carp

Figure 7.11. Example of association class ' )4’ \au % d
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COMPOSITION AND AGGREGATION

College

collegeName: String
dean: String

{ G I,T s

Admin Office Department Research Center

1 1 ! 5
1 location: String deptName: String name: String
location: String

phone##: String
ATMCustomer strato .
S GardReadet CashDispenser ReceiptPrinter administrator: String
eypadDisplay

Figure 7.12. Example of composition hierarchy

renewalDate: Date

Figure 7.13. Example of aggregation hierarchy

Birzeit University-CS Dept-Samer Zein(Ph.D)- Refs: Gomaa, H
"Software Modling and Design" 2011
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GENERALIZATION/SPECIALIZATION HIERARCHY

* Some classes are similar but not identical.

* They have some attributes in common and others that
are different.

* In a generalization/specialization hierarchy, common

attributes are abstracted into a generalized class, which

is referred to as a superclass.

* The different attributes are properties of the specialized % pa—
class, which is referred to as a subclass.
* There is an Is a relationship between the subclass and CheckingAccount SavingsAccount
lastDepositAmount: Real interest: Real
the superclass.

X Figure 7.15. Discriminator in generalization/specialization
* The superclass is also referred to as a parent class or
ancestor class.
« The subclass is also referred to as a child class or
descendent class

Birzeit University-CS Dcpt—% er Zeil (ll D) Refs: Gomaa, H
"Software Modling and Design" 2011
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Higher level Sequence Diagram

Medical Receptionist

% P: Patientinfo D: MHCPMS-DB AS: Authorization
. | ' l
ViewInfo (PID) ».L. Report (Info, PID, | |
uID) | |
Authorize (Info, |
uID) a2
Authorization 1-|
B S
Alt ) |
[Authorization OK] Patient Info |
| |
1 £ I— 1 S——— | | — o]
[Authorization Fail] _Error (No Access) |
lrl ! s |
' i
|

(%
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Subsystems and Components

- Components are depicted as rectangles with
the component icon in the upper right corner.

- Dependencies among components can be
depicted with dashed stick arrows.

- In UML, components can represent both logical
and physical components.

- Alogical component corresponds to a
subsystem that has no explicit run-time
equivalent, for example, individual business
components that are composed together into a
single run-time application logic layer.

- A physical component corresponds to a

c1thaevetem that ac an exnlicit riin-time
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Coupling and Cohesion as design goals

When writing a subsystem interface, one should
strive to minimize the amount of information
provided about the implementation.

- For example, a subsystem interface should not
refer to internal data structures, such as
linked lists, arrays, or hash tables.

- This allows us to minimize the impact of

change when we revise the implementation of a
subsystem

(“"PM“B 5] O._/‘.})\;)l \ﬁf()za\bé\,&wp:" -y
Jush CohesioM 4 Low CusPhng
e —
o olind € comporetly(\ sc o,

2 «f) m\\po,(la/zi Zuls -\

- ~ C ' \§E a‘ L‘J

D clegirens So2 cp byl “"ﬁ | |

A2l cofonett D\

Coupling
! . n
«  Coupling is the number of dependencies Z’ r A = Z
between two subsystems. g ey
- Iftwo subsystems are loosely coupled, they 4"“? I‘ﬁ N =

are relatively independent, so modifications to
one of the subsystems will have little impact on
the other.
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Alternative 1: Direct access to the Database subsystem

- Jow couplmy J\,,.,es
Resourc t . reneianas nt@
=] \ comPonenk 2 )\
MapManag N - = J GL
T ==l Database @% .
E;V (24 o> 6 Alternative 2: Indirect access to the D: gha g
:P\"’ Mmji o T IncidentMal gelllentgl
& ones ldofrsc v L 5} o S i -
bM'aAC*SJ' 22 ‘s x’ T Storage E% -
high coupling |
‘
Dati E

JP AR I TR FAMRV.ITS Lomporet \_° ;I'QL.Q &£
tonforM )\ VB (- Sy i fk/ddwﬁ"”)uw Ry

ayesub, Jow Couping

Al Zius o 9,5
chesivA N\ %
- Cohesion is the number of dependencies within a
subsystem. anfa'ml/'J( L)

- If a subsystem(contains many objects that are
related to each other and perform similar tasks,
its cohesion is high.)

Cohesion
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S \NG &
Mgk chesion 3\ NSUTY
- increases the clarity and ease of comprehension -

of the design — 7‘
- simplifies maintenance and future )

enhancements
often supports low coupling
. supports increased reuse

. a highly cohesive (i.e. a highly related
functionality) =

P
~ component can be re- used for the same specifica=? / dLé
\

PUIPOSEY 22 oy Ba> anDy o ¥ compnent) | (

Why high cohesion?

" ki gl _” ‘

assesses M A 01c5i n - ‘ = Ab
gh codesiony; (528 &

DesignProblem salvableRy based-on
resolvedBy
: v 3
/\
| e |It | T l kl implementedBy
SEIST e | as subtasks
. - B :
) zz FIC{EY
it é daﬁ‘s J‘ . :‘u’ RationaleSubsystem @
4
Jow Chesiando comporer} )| - ,
L Criterion - - Option
* * *
DesignProblem solvableBy based-on
resolvedBy
Decision
~ . ~
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UML Component diagram for supermarket
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» Design goals: Comparont Jaqram

* High cohesion

* Low coupling > 2 (MM 3 0445

* High reliability: the cashier should be able to continue working even if > peot
network/back-end server is down. PW"TD"‘“A

. Performanqe: tl_le cgshier should be able to retrieve every item information K&I/"‘ sonedls
after scanning it with barcode reader instantly!
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