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BASED ON THE BOOK...

APPLYING DML

AND PATTERNS

An Introduction to Object-Oriented Analysis
and Design and the Unified Process
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WHAT IS ANALYSIS & DESIGN

Analysis

> |Investigation of the problem and requirements rather
than a solution

> Requirements analysis
> Object (domain) analysis
Design
> Conceptual solution that fulfills the requirements
> Design can be implemented directly
> Object design, database design...
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OBJECT-ORIENTED ANALYSIS & DESIGN

domain concept H

Book S
> visualization of
title domain concept

!

public class Book

{

representation in an private String title;
object-oriented
programming language public Chapter getChapter(int) {...}

}

Object-oriented analysis - emphasis on finding and
describing objects (concepts) in the problem domain

Object-oriented design - emphasis on defining
software objects and how they collaborate to fulfill the
requirements
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EXAMPLE - DICE GAME

Player rolls two die

If the total is seven, the player wins, otherwise the
player loses

=
b}

.unicorn

WW W

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >



EXAMPLE - DEFINE USE CASES

Define Define d : Defin Define d
‘ ‘ mte‘ ‘

,Play a dice game” use case brief description

> A player picks up and rolls the dice. If the dice face value
totals seven, he wins; otherwise, he loses.
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EXAMPLE - DOMAIN MODEL

Inli‘

Define d

v

Flayer 1 Rals 7 Die
name faceialue
1 2
Flays
1
Dicetzame 1 Includes
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EXAMPLE - DEFINE INTERACTION DIAGRAMS

DiceGame diel :Die die2 :Die

play() |

roll()

\

|

|

\
gu
fvl := getFaceValue() |

"]

roll()

L
"

\
\
|
\
fvl = getFaceVaIHe()
\
\
\
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EXAMPLE - DESIGN CLASS DIAGRAMS

Define. Define d. intDefi.n M

Dicetzame Cie
det * Die 1 2| facevale it
tie? : Die -
cetFacehEue]) it
ad) o)
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CASE STUDY - POS SYSTEM

Point-of-sale system

Records sales and handles payments (retail
stores)

Computer, bar code scanner, etc.

Third party applications (tax calculator, inventory
control)

Fault tolerance
Various output devices
Flexibility and customization
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CASE STUDY - ARCHITECTURAL LAYERS

[E3 The FOO Store M= ES )
ftemiD | |
Quantity | minorfocus
Interface >
explore how toconnectto
Enter item And soon... other|ayer3
e ati //// \\\\\ primary focus of
appl|ca 10N , \\ case study
logic and <\ Sale Payment )
domain object s b 7 explore how to
layer R U design objects
secondary
focus
technical L P ersist facad
services layer 3 Breistenteracace explore how 2
to design z
objects
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USE CASES

A technique for requirements management
Functional requirements

Goal (need) of a customer or end user

Example - Process sale

A customer arrives at the checkout with items to
purchase. The cashier uses the POS system to record
each purchased item. The system presents a running
total and line-item details. The customer enters
payment information, which the system validates and
records. The system updates inventory. The customer
receives a receipt from the system and then leaves
with the items.
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USE CASES IN CONTEXT

Domain
Business Model Partial artifacts,
Modeling refined in each
f teraticn.
terms, attributes, \“/ﬂ
relatiﬂFV
T terms, attributes, validation
r— =77 I : —__"—1
| Use-Case I"EﬂUlren'ﬂnts Supplementary
Requirements : Model 1 Vision Specification Glossary
SLIne n Br= |
IH=Eikeg— =
|
o 1
| | H““‘a._
. - requiremeants,
requirements~—__ key soenarios
| O events . o
. - tware
l'. "~ Design Model Architecture Doc.
v |
Design oo i
requiremeants, priorities
- Software
Dav. Plan
Project —
Management iEEE
acoeplandcs
¥ lesis
Test Devedoprment
Flan Casa
Test i Environment R
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SYSTEM SEQUENCE DIAGRAMS

Simple cash-only Process Sale scenario:

T.Customerarrives ataPOS checkout . , Systenm
with goods andfor services to purchase. Lashier
2.Cashierstarts anew sale. } makeNewSale) N‘
I I
I I
| |
I I
3.Cashierenters item identifier. } enterltem (item ID, quantity) N‘
4. System records sale line item and } }
presents item description, price, and | |
. ! ription | !
running total. <« description total |
} “Imore item s }
| |
I I
I I
Cashierrepeats steps 3-4 untilindicates | |
| endSale()
done. | N‘
I I
: I I
5.System presents total with taxes ‘¢ 77777777777 totalwith taxes ‘
calculated. } }
I I
6.Cashiertells Customerthe total, and | | =
asks forpayment, ! makePayment(amount) > =
T.Customerpays and System handles } ‘ o
=]
payment, } } 0
\ - \ =
€ change due receipt 1 S
<« %
I
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©UNICORN 2007> 2> 2> 2> 2> 2> 2> >



SYSTEM SEQUENCE DIAGRAMS

externalactor to system pe———___

boxmayenlose an |
iteration area o

the * [...]is an iteration
markerand clause
indicating the boxis for
iteration

return value(s)
associated with the
previous message

an abstraction that
ignores presentation and
medium

the return line is optional

system as black box
the namecould be "POS"but"System" keeps itsimple

the " and underline imply an instance, and are explained in a
later chapteron sequence diagram notation in the UML

Process Sale Scenario

A

cCashier System
| |
| makeNewSale() |
| >
| |
| |
| |
| i ‘ |
| enterltem (item ID, quantity) >
| |
| |
| - |
[ description, total
< |
} “more items] |
| |
| | .
\ endSale() \ amessage with
| h‘ parameters
| |
| . | - .
- total with taxes | itis an abstraction
O RN representing the
} } system eventof
| - | entering the
makePayment(amount
} ! ( ) ’} paymentdata by
} } some mechanism
| |
“ ,,,,,,,,,, change due, receipt |

ifnothing is returned
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DOMAIN MODEL

A domain model is a representation of real-world
conceptual classes, not of software components. It
is not a set of diagrams describing software
classes or software objects with responsibilities

Domain objects or conceptual classes

Associations, aggregations, compositions or
generalizations between conceptual classes

Attributes of conceptual classes
Other business rules (constraints)
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NOUN PHRASE IDENTIFICATION

|dentify the nouns and noun phrases in textual
descriptions of a domain (for example use cases)

Main Success Scenario (or Basic Flow):

1. Customer arrives at POS checkout with goods and/or services to purchase.

2. Cashier starts a new sale.

3. Cashier enters item identifier.

4. System records sale line item and presents item description, price, and
running total. Price calculated from a set of price rules.

Cashier repeats steps 3-4 until indicates done.

5. System presents total with taxes calculated.

6. Cashier tells Customer the total, and asks for payment.

7. Customer pays and System handles payment.

8. System logs completed sale and sends sale and payment information to the
external Accounting system (for accounting and commissions) and Inventory
system (to update inventory).

9. System presents receipt.

10. Customer leaves with receipt and goods (if any).
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CANDIDATE CLASSES FOR SALES DOMAIN

According to our current understanding of the problem

Related to Glossary

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >

Register tem Store Sale
Sales .

. Cashier Customer Manager
Lineltem
0 avm et Product Product

J Catalog Specification

www.unicorn
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MODELS - MULTIPLE PERSPECTIVES

Payment

1 Pays-for 1

Sale

amount

date
time

UP Domain Model

Raw UML class diagram
notation used in an
essential model
visualizing real-world
concepls.

Payment

amount: Money

1

Pays-for

Sale

getBalance(): Money

date: Date
startTime: Time

getTotal(): Money

UP Design Model

Raw UML class diagram
notation used in a
specification model
visualizing software
components.

Conceptual perspective - requirements
> Diagrams interpreted as describing things in the real world

Specification perspective - analysis

> Diagrams interpreted as describing software components
without implementation details

Implementation perspective - design
> Diagrams interpreted as describing actual implementation

(code)
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DOMAIN MODEL - ASSOCIATIONS

The concepts do have relationships

A

"reading direction arrow”

ithasno meaning excepttoindicate direction of
reading the association label

-0ften excluded

O

Records-current

1 o 1
O

Sale

Register

=
b}

association name N multip lic ity N

www.unicorn
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ASSOCIATION MULTIPLICITIES

Store 1 Slocks 0 * Item
O o
¢ T Zero orone
moultiplicity of the role H 1
— T exactly one
0. . 1610 07 MmoOre;
"many" (also "0.n"or "t
1..% . one ormore
(also L..n)
M T exactly 3,5, 0r8
1]
70"40 T zero to 40 =
=
2
5 T exactly 5 5

=
=
=
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POS ASSOCIATIONS

Racords-sala-of

Described-by 1
I
FProduct
Froduct Specification
Catalog Contains
1 1.*
1
0.1 0. Used-by 1 _
0.* Describes
Sales — 0.*
Lineltem Store
Stocks ltem
1 1 ﬂ I l* -1 *
o
c ined-i Logs- H
ontained-in completed DUSES
- 1.7
3 0..* Fegister
Caplured-on Started-by Manager
1 1 1 1
1 =
1 W
i J 1 l Initiated-b i -
Paid-by W Records-sales-on T
1 |1 1 o
Initiated-by i
Payment Customer Cashier o=
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ATTRIBUTES

In a domain model include attributes for which the
requirements imply a need to remember information

Keep attributes simple

Cashier
B - notasimple” attripute H
currentRegister o
Cashier .
. 1 Uses 1 d >
name number .

www.unicorn
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ATTRIBUTES IN POS DOMAIN MODEL

amount: Money

description : Text
price - Money
id: Item [D

Register Item Store Sale
address :Address date : Date
name :Text time : Time

Sales Cashier Customer Manager

Lineltem

quantity : Integer
Payment Product g F;Eoifdicuacttion
Catalog P

According to our current understanding of the

problem

Does not have to be perfect at the moment
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CONCLUSION - PARTIAL DOMAIN MODEL

Fecords-sale-of

Described-by 1
|
Product
Froduct Specification
Catalog Contains
1 i description
" | price
iterm D
N 1
0.1 0. Used-by Describes
* o
Sales 0.
Lineltem Store
Stocks tem
quantity 1 | address 1 0+ 1
narm e - h
1.7
. . Logs- 1
Contained-in completed Houses
1 - 1"
Sale 0.* Register
1 fanager
date Started—m;
Captured-on
time 1 1 -
1 w
Paid-ty ‘1 ‘ Initiatec-ty 1| Y RFecords-sales-on 5
1 1 1 5
Payment Customer Cashier S
z
armount =
z
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OPERATION CONTRACTS

Contracts can be defined for system operations

. System

(Cashier |

| |

| makeNewSale (or— |

| U >

| S

| e

| T

| )

| . . , |

| addLlineltem (item D, quantity) ©.

| >

| .

| .

[ [

| |

| description, total |

<= L"***""*"*W"‘

} FImore item s }

| O |

1 endSale() N‘

| |

| |

| total with taxes |

\4‘ ******************************** 1

| ]

| |

| |

| makePayment(amount) o |

| y ( ) >\

| |

| |

| |

| ' |

€ change due, receipt §

|
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these mputsystem events
mvoke system operations

the system event
makeNewSale invokes a

system operation called
~oimakeNewSale and so forth

this is the same as in object-
oriented programming when
Wesaythe message foo
invokes the method (handling
operation) foo

.unicorn
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EXAMPLE CONTRACT - MAKENEWSALE

Operation: makeNewSale()
Cross references: Use Cases: Process Sale
Preconditions: None

Postconditions:
- A Sale instance s was created (instance creation)
- 8 was associated with the Register
(association formed)
- Attributes of s were initialized
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EXAMPLE CONTRACT - ENTERITEM

Operation: enterltem (itemID : ItemlD,
quantity : integer)

Cross references: Use Cases: Process Sale
Preconditions: There is a sale underway

Postconditions:

- A SalesLineltem instance sli was created
(instance creation)

- sli was associated with current Sale
(association formed)

- sli.quantity became quantity (attribute

modification)

- sli was associated with a ProductSpecification,
based on itemID match (association formed)
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EXAMPLE CONTRACT - ENDSALE

Operation:endSale()
Cross references: Use Cases: Process Sale
Preconditions: There is a sale underway

Postconditions:
- Sale.IsComplete becomes true
(attribute modification)
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EXAMPLE CONTRACT - MAKEPAYMENT

Operation: makePayment (amount : Money)
Cross references: Use Cases: Process Sale
Preconditions: There is a completed sale underway

Postconditions:

- A Payment instance p was created
(instance creation)

- p.amountTendered became amount
(attribute modification)

- p was associated with the current Sale
(association formed)

- The current Sale was associated with the Store
(association formed) to add it to the historical log
of completed sales
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METHODOLOGY - ARTIFACTS

Partialartifacts,
refined in each
iteration.

Domain
Model

he domain objects
Hbutes and assocwat\ons
tundergo state changes

‘ Use-Case Model
g R[]
Requirements %% %g foo () =4> %%

Business
Modeling

Iy
=3
P
s
s
=

bar(y)
system
text Use system  Operations Systen
use case sequence Dperation
cases diagrams diagrams Contracts
Design Model
ﬁg Software
, EPE' the system operations are Architecture Doc.
Design opoo z handled by designing
LT software to fulfillthe post =

conditions of the contracts

Software
—— Dev.Plan

Project
Management

Test |
Plan Development
Case

Environment —

Test e
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CONTRACT RELATIONSHIP TO OTHER ARTIFACTS

i Domain Model 5,
I I
| Sde 1 q.* Saes |
1 Linetem |
I das I
|l .. quartity I
. i

the damain objects, attributes, and
azzociations that undergo state changes

I I
i i
: %  System :
| . T Cperation: makehlewSae 1
I FPmoezs Sae : Cashier make | :
| i MenEalal) | P ost-conditions: I
I 1. Customer I—..I - :
! ;rrivE-... ayatem i et | =ystem !
L T T events : . operations
i L3 Cashier T~ g | u(d quartitg J | REE S i
| | erers item b ==y Coperatio, erterdtem i
I o idertifier. . I s I T =
I It I & =) I P cest-conditi ons: !
| ™ - A Sakesliredemindance !
I | | sl wEs crested :
I : makeF aymert : o i
I | [amourt) | 1
! — !
1 1

I U=se Cas Sy=tem Sequence Contracts :
| Diagrams ) - !
! E\L/—/ in addition to the use cases, |
| some ideas and inspiration for the post- requirem ents that m ust be }
L conditions derive from the use cases satisfied by the design ':'”he;'
. software >

Srequirem ents that Design Mode ™

must be satisfied - . .
by the design of Fegister ProductC adog | | S |

the software

I
e
#7 ertedtem "= !
[ ftemID, quartity) b _|
e -~ I
I

I

|

1

I

|

1

spec = gatP roductSpec temiD )

addLinetem( spec, quartity)

L
kS
~
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OBJECT RESPONSIBILITIES

Responsibility - ,a contract or obligation of
classifier®

Doing repsonsibilities of an object include

> Doing something itself, such as creating an object or
doing a calculation

> |nitiating action on other object(s)
> Controlling and coordinating activitities in other objects

Knowing responsibilities of an object include
> Knowing about private encapsulated data
> Knowing about related objects
> Knowing about things it can derive or calculate

Responsibilities are assigned to classes and later
to methods

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >
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OBJECT DESIGN - makeNewSale

by Creator
and Controller

Registercreates a ‘;

. 7 Sale by Creator by Creator, Sale
 "“w© Register Oﬁf” e creates anempty
/ multiobject (such as

AaList)which wil
eventually hold

SalesLineltem

I

!

\

| !
0 |
\

J instances
makeNewSale[) o - -
create() ) oy o ye
\ o
\ create() Sales J
} JQ[] > Lineltem
| /o o
\
: » -
\
\ | \
\ | \
\ ‘ \
\ | \
\
-
/ CAUTION: <
this activation is implied to be within the Thisis nota SalesLineltem instance. This is a 2
constructorof the Sale instance collection object(such as a List)thatcan hold =
SalesLineitem objects. =

WW W
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OBJECT DESIGN - enteritem
v Y N

._z,_.--'"-'.- I.".I. O-"“'"-..-.-I““.""“ _r.fl-.l
O____.-"' b I:j-..-.._. I'-,;I-.I
enteritem(id, oty) —s 2 makeLineltem(spec, gry) —= |
Reqister Sale
y
1. spec = getSpecification(id) l 2.1: create(spec, oty)
D
Expert j _____ FProduct
by Exp o Catalog
sl: SalesLineltemn
1.1 spec ;= find(id) l‘
0 122 aads)
This find message is to the | I
Map ohject (the multiohject), |7 Product J 2 alesLineltern add the newly created
not to a ProductSpecification. Specification SalesLineltermn instance to the
multiohject (e.q., List)
o S,
-K .'L_..L-
CALTION: CAUTION:

This is a multiohject collection (such as a Map), not a
FProductSpecification. It may contain mary
FroductSpecifications.

This is a multiobject collection {such as a List), not a
SalesLineltern . |t may contain mary SalesLineltem s,

=
L
=
o
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OBJECT DESIGN - endSale

aconstraintimoplementation in anote bhox

observe the outerbraces around the method
signifying a constraint within a note box

{
public void becomeComplete()
{
isComplete = true;
}
}

A

aconstraintthatdoesn'tdefine the
algorithm  butspecifies whatmusthold as true

endSale() —

O @] —»
l:bhecomeComplete()

{s.dsComplete = true }

Register

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >
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OBJECT DESIGN - getTotal

by Expert ﬁ by Expert ﬁ

g’ "0 ol e

4> ’
tot = getTotal() : 1*:st::getSubtotaI()T ‘Saleslineltem

Q e

¢ L.lipr:= getPrice()

recall this specialnotation to . o
indicate iteration over the ProductSpecification
elements of a collection

=
b}

.unicorn
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OBJECT DESIGN - getTotal

A
Note the semi-formalstyle ofthe constraint, "aSLI"is not

I[lobserve the seudo code style here k formally defined, butmostdevelopers willreasonably
{ understand this to mean aninstance of SalesLineltem .
public void getTotal() Likewise with the expression aSLl.prodSpec.price.
{

mttot=10; Thepointisthatthe constraintlanguage can be inform al,

foreach SalesLineltem , sli to supportquick and easy writing, ifdesired.

tot = tot+ sligetSubtotal(),

return tot
}
| O

{st=aSLllquantity *aSLlprodSpec.price }

O

e O \
tot:= getTotal() S ale L% stz getSubtotal)—™™

: cSaleslineltem

=
b}

¢ L.lipri= getPrice()

ProductSpecification

.unicorn
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OBJECT DESIGN - makePayment

by Controller

H

O

O

makePayment(cashTendered)—>

Register

by Creatorand Low Coupling .ﬁ

O —
L:makePayment(cashTendered)

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >

L.l:create(cashTendered) ¢

Payment

.unicorn
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LOGGING THE SALE

Who should be responsible for knowing the completed

sales?

Sale

Logs-completed =~

Store

addSale(s:Sale)

Store is responsible for
knowing and adding
comopleted Sales,

Acceptable inearly
developmentcycles if the
Store has few
responsibilities.

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >

Sale

Logs-completed

|

Salesledger

addSale(s  Sale)

Suitable when the design
grows and the Store
becomes uncohesive.

A

Salesledgeris responsible
forknowing and adding
completed Sales.

.unicorn
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OBJECT DESIGN - LOGGING THE COMPLETED SALE

note thatthe Sale instance is named
's'so thatitcan be referenced as a
parameterin messages 2 and 2.1

4> O
makePayment(cashTendered)—» Register L:makePayment(cashTendered) S Sale
2:addSale(s) ¢ L.licreate(cashTendered) ¢
O
by Expert Payment
O
Store
2.1 add(s) ¢

=
b}

|
completedSales: Sale J

.unicorn

WW W

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >



OBJECT DESIGN - CALCULATING THE BALANCE

Note the use of "self" in the constraint. The formalOCL uses the specialvariable "self’
for"this" (in Java and C++) "self" in this constraintimplies the instance ofthe Sale.

Although official 0 CL s notbeing used, this style is borrowing from it

A constraintcan be inany formalorinformallanguage.

‘5

{bal=pmtamount-self.total}

O

bal:= getBalance()

—

Loamt:= getAmount()

—

T

2: t:= getTotal()

©UNICORN 2007> 2> 2> 2> 2> 2> > >
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OBJECT DESIGN - startUp

Create ) —e-

pass areference to the L
FroductCatalog to the
Fegister, sothat it has
permanent wisibility to it

o
2 cregtelpr) —e-

D

b'}.f Cregtor T .

g
1. Createl)

|

Fedister

| create an empty multiobject (eg., a
| Map), not a ProductSpecification

-
1.1 create])] —w

|
122 add{ps) — ‘Product J

Frodu t:tCataI (o8]

Specification

1.2 loadProdspecs()

1.2.1% create(id, price, description)
B —

ps:

the * in sequence numkber

repeating section

ProductSpecification

indicates the message occurs in a

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >
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CONNECT Ul LAYER AND DOMAIN LAYER

[=4 The FOO Store =10 x|
temiD | |
Quantity |
presses button
———————————— S Enter item ‘ Andsoon... [
Cashier
l, actionPerformed( actionEvent )
Ul :ProcessSale
JFrame
Layer
|1: enterltem(id, qty) o | Systemevent H
Domain ‘Reqister ‘ =
Layer ' E

www.unicorn
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CONNECT Ul LAYER AND DOMAIN LAYER

[=3 The FOO Store

temiD | |
Quantity
presses button
———————————— - ‘ Enter kem And soon...
Cashier
l actionPerformed( actionEvent )
Ul :ProcessSale — 3:t:= getTotal()
Layer JFrame
l 1: enterltem(id, gty)
l 2 [no sale] : s := getSale() : Sale
0
D [ S
omain o | . '
Layer :Register - s : Sale

note the UML notation for a conditional message H
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UP ARTIFACTS

Darmain Model

Sde= 1 1.* Sdes
Lineltem
dae
quaErtity

the dorain oiyects, ftotutes, and
FEsonFans that undemo Salke changes

: &m
Frocess Sae - Cpergion makeM ewEde
:cashier make I
1. Customer ! MewSde) ! Post-condtions
aries .. _
2. Cashier syseRn o
makes nen ererts | emeritem I qaq;rat.bns
sde. e OdoqueEmtityd )
3. Cashier e Cpersicr erterftem
erters item
idertifier. erdSE) Post-condtions
4. :—.'Ir - A Saleslnefe s insancs:
! ! sifngs creged
I makeFaymert | -
(amourt)
s Cazes Swstern Sequence Dizgrams Contracts

n Faaten o e use
£35es, eouie rents that
s e satisfed by the
gesign of e sofwae

soke jde3s and inspiation for the pos-rondisons
deriie ey the wse cases

Design hodel
reg i Fion
=== e |
1 1
mzkeMlewEdel | |
I create() -
ertteritem w =de
(temlD, quatity | i :
o Fpec = getSpedificaionitemiD ) |
Ll 1
addlindtemi spec, quartity ) |
|
g |
endSae) T i i
"l_! - I I
- | |
e e e o —— — ——— —— e e e e e e e — — — —— i — —— e e e e e e -
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DETERMINING VISIBILITY

Visibility - the ability of one object to see or have
reference to another

For a sender object to send a message a receiver
object must be visible

class Register

{
private ProductCatalog catalog;
}
o
0
“Reqister ~ProductCatalog
enteritem : :
(item 1D, quantity) o |
[

spec .= getSpecification(item D )

Q,

R 4

{ A

public void enterltem (item 1D, gty )

{

spec = catalog.getSpecification(item1D)

-
}

=
U
=
o
o
3
=
=
=
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ATTRIBUTE VISIBILITY

gnteritem

(item 1D, quantity)

class Register

{

private ProductCatalog catalog;

(Reqister
\

{
public void enterltem (item 1D, qty)
{
spect cﬂaﬁgalog.getspecification(item D)
}
}

cProductCatalog
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spec .= getSpecification(item D ) N‘
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PARAMETER VISIBILITY

enterltem (id, qty) —»

. 2:makelineltem (spec, qty) —»
Reqister Sale

2:spec = getSpecification(id) ¢
O 2. Lcreate(spec, qty)

Product ¢
Catalog
sl:Saleslineltem
[I'initializing method (e.g.,a Java constructor) k
{
alesLineltem (ProductSpecification spec,intqty)
{
productSpec = spec; [Iparameter to attribute visibility
}
}

=
b}

.unicorn
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Can be assigned to Attribute visibility
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LOCAL VISIBILITY

enteritem (id, qty) —» 2:omakelineltem (spec, qty) —»
Register 5 Sale

Lispec := getSpecification(id)
2.0 create(spec, qty)

Product ¢
Catalog

k sl:Saleslineltem

akelineltem (ProductSpecification spec,intqty)

—_—

sl=new SalesLineltem (spec, qty);

=
}

Create a new local instance and assign it to a local
variable

Assign the returning object from a method invocation
to a local variable

Can be assigned to Attribute visibility
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DESIGN CLASS DIAGRAMS

Class diagram for design classes
> Classes, associations, attributes
> Interfaces, their operations and constants
> Methods
> Attribute type information
> Navigability
> Dependencies, generalization

Three section box for o
class definition. ﬁ Navigability L‘
kel
Sale
Fegister
Captures % | date
9 IsComplete : Boolean
1 1 | time <.
enterltem(..) o
makieLine temi. )

methods, there are parameters, but unspecified N type information N
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DOMAIN MODEL VS. DESIGN MODEL

4 Concept;conceptualclass k‘

! Sale
Register Captures
date
Domain Model . L |isComplete :Boolean
tim ¢
Register Sale
- Captures date
Design Model isComplete :Boolean
endSale() 1 1 tim ¢
enteritem (...)
makePayment(..) makeLineltem (...)

O O

el software olass ﬂ

=
b}
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POS DESIGN CLASSES

enterltem (...)
makeNewSale()

Register ProductCatalog ProductSpecification Payment
description amount
price
item 1D

Store Sale SalesLinelten
address date quantity
name isComplete
tim e
Method names from interaction diagrams
Register ProductCatalog ProductSpecification Payment
description amount
price
endSale() getSpecification() item 1D

Saleslineltem

makePayment(...) Sale

date
Store isComplete

tim ¢

address

name becomeComplete()
makelineltem (...)

addSale(.. makePayment(..)
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quantity

getSubtotal()
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METHOD NAMES - MULTIOBJECTS

A message to multiobject is a message to the

container/collection object
1: spec := getSpecification(idu

Product
Catalog

A

The find message is to the
L.1:spec = find(id) ¢ o containerobject, notto a

ProductSpecification.,
l
Product
Specification

The container/collection classes are often not shown
explicitly in design class diagrams

=
U
=
o
o
3
=
=
=
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ADDING TYPE INFORMATION

Register

ProductCatalog

ProductSpecification

description : Text

endSale()
enteritem (id : Item D, qty : Integer)
makeNewSale()

makePayment(cashTendered :Money)

getSpecification(id: Item ID):ProductSpecification

price :Money
item [D : Item [D

Store

address Address
name :Text

addSale(s :Sale)

Sale
date : D ate
isComplete :Boolean
time :Time

becomeComplete()
makelLineltem (spec . ProdSpecification , gty :Integer)
makePayment(cashTendered :Money)

0,

getTotal() : Money

SalesLineltem

quantity : Integer

getSubtotal() : Money

Payment

amount:Maoney

Return type of method 5 void;no return value 5
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ADDING ASSOCIATIONS AND NAVIGABILITY

Fegister class will
hawe an attribute pointing to a

Mavigability arrow indicates
Feqister ohjects are connected

Sale ohject. uni-directionally to Sale ohjects.
A o Sale
Reqister date

the currentSale isCormplete
attribute is often |Furrentzale © Sale 1 Captures o | tirme
excluded, as itis >
implied by the end5ale() 1 | becomeComplete()
havigable enterltern... ) makeLineltern(...)
association from makeMewisale() makePayment(..)
Register to Sale. rmakeFayment(...) getTotal()

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >

Absence of navigahility arro
indicates no connection fram

Saleto Register.

Most associations in design class diagrams should be
adorned with navigability arrows
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WHERE TO FIND NAVIGABILITY?

Navigability is identified from the interaction

diagrams
createl ) —w- Store 2 create(pc) —= Register
1: create()
¢ 1.1 createl)] —wm
122% add{ps) —e= |
po Product
ProductCatalog Specification

1.2 loadFrodSpecs( )

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >
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FProductSpecification
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NAVIGABILITY

Store Uses
1| address - Address 1 1
Name ; Text Y FroductSpecification
FroductCatalog
addSalef...) Corta description : Text
1 e ontans ol price : Money
O0KS-1N 1 N | itemlD o ltermlD
“| getSpecification]...)
Houses -
T 1
1 | Uescribes
| Sale
. *
Fegister date : Date -
isComplete . Boolean SalesLinelter
Captures 5 tirne : Time Contains f quantity : Integer
endSale() 1 1 becomeCormplete ;
enterlterni...) makeLineIterﬁ[...j” getsubtotal])
rriak el evSale() rmakeP aymenty...)
makeP ayment]..) getTatal()
Logs-completed » *T 1 Fayment
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DEPENDENCY

Stare Uses
1| adoress : Address 1 1
name . Text ProductSpecification
FroductCatalog
adasalet...) Cantai description @ Text
: Looks-in Ontans o) price : Money
T 1 1.7 | temlD: ltemiD
| getSpecificationd )
Houses P ——— 7
e e T 1
- ~-=" Descrihes
e 1 1 // SE”E _'_,_-o-""-'-_-
Register / date : Date - .
isComplete : Boolean SalesLineltem
tirme: Time '
Captures 5 : Contains 5| quantity * Integer
Encls ale) 1 1| becomeC omplete() 1.
Eﬂfnhem[éjl 9 makeLineltemn(...) QELS ubtotalt)
makel ew 5ale
makePayment(..)
makePayment(...) getTotal()
* 1
Logs-completed * T _ Fayment =
Paid-tyy =
- > amount ; Money :
A dependency of Register knowing about 1
Productspecification.

Recommended when there is parameter,
glohal or locally declared visibility.

.unicorn
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NOTATION FOR MEMBER DETAILS

SampleClass

java.awtFont

classAtiribute

tpublicAttribute

-privateAttribute

attributeW ithVisibilityUnspecified
attributel :type

burgers :ListofVeggieBurger
attribute? :type = initialvalue
finalConstantAttribute int=5 {frozen }
[derivedAttribute

plain :Integer=0 {frozen }
bold :integer=1 {frozen }
name : String

style @ Integer=10

cinterfacen
Runnable

t getFont(name :String): Font
tgetName(): String

classMethod|

teconstructors SampleClass(int)

methodW ithVisibilityUnspecified()
methodReturnsSomething():Foo
tpublicMethod()

-privateMethod()

foprotectedMethod()

~packageVisibleMethod()

finalMethod() {leaf}

methodW ithoutSideEffects() {query}
synchronizedMethod() {guarded )

method LW ithParms(in parm L:String, inoutparm2:int)
ethod2W ithParms(parm 1:String, parm 2:float)
ethod3W ithParms(parm?l, parm?2)

ethoddW ithParms(String, int)

ethodW ithParmsAndReturn(parmL:String):Foo
ethodW ithParmsButUnspecified(...): Foo
ethodW ithParmsAndReturnBothUnspecified()

= =232 32 =2 =3

java.awtToolkit
0r
java.awt.Toolkit{abstract}

[l'there are attributes, butnotshown

abstractMethod()
abstractMethod2() {abstract} [/l alternate

FinalClass {leaf)

O

I/ there are methods, butnotshown

()

I

I

|

I

1

Alarm Clock

()
anempty

compartment
Without ellipsis
means there is
definitely no

members (in
this case, no
attributes)
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IMPLEMENTATION MODEL

Requirements
Analysis

Iterative Cycles of
Development

Requirements

Analysis

Implementation
and Testing

©UNICORN 2007> 2> 2> 2> 2> 2> > >

Implementation
and Testing

Y

Implementation
and Testing

.unicorn

=
QO

WW W




METHOD BODIES

UML notation: k

A method body implementation maybe showninaUMLnnote box.Itshould be placed within braces, which
signifies itis sem antic influence (itis more than justa comment),

Thesynaxmaybepseudo-code, oranylanguage.

Itis common toexclude the method signature (public void ...), butitis legaltoinclude it.

ProductSpecification spec = catalog.getSpecification(id);

sale.makeLineltem (spec, qty);
Register } (spec, qty)

enteritem (id, qty) o {
makeNewSale() public void enterltem (id, qty )
makePayment(cashTendered) | {

ProductSpecification spec = catalog.getSpecification(id);
sale.makeLineltem (spec, qty);
}
}

=
b}
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CLASS DEFINITIONS

public class SalesLineltem

{

private intquantity,

public SalesLlineltem (ProductSpecification spec,intqty){...}

public Mo'ney getSubtotal() {.. ]

} _

-

ProductSpecification

SalesLineltem -
‘ description : Text

quantity : Integero ~ Described-by price (M oney

0. 1| item 1D :ltem 1D
getSubtotal() : Money o

.unicorn.eu

WW W
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CLASS DEFINITIONS li

public class SalesLineltem
Simple attribute H —_— {
O] private int quantity;

o| private ProductSpecification productSpec;

Reference attribute H . public SalesLineltem(ProductSpecification spec, int gty) {... }

public Money getSubtotal() { ... }
}

SalesLineltem

ProductSpecification

i 1

quantity : Integer Described-by N
0. ducts

getSubtotal() : Money productspec

Q

Role name used In
attribute name.

©UNICORN 2007> 2> 2> 2> 2> 2> > >
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price : Money
itemlID : ltemID
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MAPPING ATTRIBUTES

a
. Sale
public class Sale
{ | date : D ate
private Date dateTime = new Date(); o isComplete :Boolean
} time : Time
becomeComplete()

makelLineltem ()
makePayment()

A | ol

In Java, the java.util.D ate class combines both date and
timestamp information. Therefore, the separate attributes
in the design can be collapsed when mapping to Java,

=
b}

.unicorn
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CREATING METHODS

enterltermn(id, gty) —m

‘Reqgister

1. spec = getSpecification(id) l

2 makelineltemispec, ghy) —
‘Sale

‘Product
Catalog

1.1: spec ;= find(id) ¢

‘FProduct
Specification

The events from collaboration / sequence diagrams
shall become methods on class diagrams

©UNICORN 2007> 2> 2> 2> 2> 2> 2> >

‘L 21 create(spec, gty)

sl; SalesLineltem

} 2.2 add(s)

|
Saleslineltem J

=
U
=
o
o
3
=
=
=




CREATING METHODS |l

public class Register

{

private ProductCatalog catalog;
private Sale sale;

P tCatal
public Register(ProductCatalog pc) {...} roduciCatalog
public void endSale() {...} Looks-in 1
public void enterltem(ltemID id, int qty) {...} getSpecification(...)
public void makeNewSale() {...} catalog
public void makePayment{Money cashTendered) {...}

}
1 Sale
Register date : Date
1 1 isComplete : Boolean
5 Captures time : Time
endSale() sale | becomeCompl
- . plete()

e, o aty :Intoger) makeLineliom(..)

makePayment(...

makePayment{cashTendered : Money) getTotaIE:] ()

{
ProductSpecification spec = catalog.getSpecification(id);
sale.makeLineltem(spec, gty);

}

o
enterltem(id, qty) —s 2: makeLineltem(spec, gty) —
:Register Sale

1: spec = getSpecification(id)

:Product
Catalog
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ADDING COLLECTIONS

M
_ Sale
public class Sale
1 date : Date .
izComplete : Boolean saleslineltem
time : Time Contains —
private List lineltems = new ArrayList(); + quantity  Integer
1 o becomeComplete() 1 linelte s
make Linelterm() o getSubtotal()
make Payment()
getTtotal()

- | & collection class is necessary to
1 maintain attribute visihility to all the
SalesLineltems.

lingtems add, new Saleslineltemispec, o X
1 y

| -
enrtertermniic, oh) —» 2 makelingtemi{spes, obd —= [ =
‘Register Ric |- @

."'-_ .hl‘.. . =

2.2 add(sh “a s

2.1 cregedspec, o 5

| =

_ 5l SaesLingtem =

‘Sdeslingtem =

=
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RESOURCES

Applying UML and Patterns, Craig Larman
Prentice Hall 2002, ISBN 0130925691

Rational Unified Process, IBM 2003
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