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Objectives

Create design class diagrams (DCDs)
ldentify the classes, methods, and
associations to show in a DCD.

Map design artifacts to code in an object-
oriented language.



Design Class Diagrams



Introduction

The UML has notation for showing design
details in class diagrams.

i.e., identify the specification for the software
classes (and interfaces) that participate in the

software solution,

and annotate them with design details, such as

methods.
Although this presentation of DCDs follows

the creation of Interaction Diagrams, in
practice they are usually created in parallel.
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Sample Design Class Diagram

Three section box for Nav b'I’tA
class definition. aviganiity

*~
v

Register

Sale

Captures | date
1 1

time
enterltem(...) 5

Ol .
> isComplete : Bo%lean

e

makeLineltem(...)

methods; there are parameters, but unspecifie\
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A design class diagram (DCD) illustrates the
specifications for software classes and
interfaces (for example, Java interfaces) in an
application. Typical information includes:

classes, associations and attributes

interfaces, with their operations and constants

methods

attribute type information

navigability

Dependencies, visibility
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Domain Model vs Design Model Classes

Domain Model does not represent a software
definition, design Model does!

Domain Model T

Design Model T

1 Concept; conceptual class

-

Register

Sale

date
isComplete : Boolean
time

Captures
Register
Captures
endSale()

enterltem(...)
makePayment(...)

\J'

date
isComplete : Boolean
time

makeLineltem(...)

*+{ software class

=
.
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Software Classes in Application

The first step in the creation of DCDs is to

identify those classes that participate in the

software solution.

These can be found by scanning all the Interaction
Diagrams (created based on Domain Model) and listing

the classes mentioned.

Register

ProductCatalog

ProductSpecification

Payment

description
price
itemID

amount

Store

Sale

SalesLineltem

address
name

date
isComplete
time

quantity
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Visibility

Sale Math Person
- dateTime : Date + pl : Real = 3.14 {readOnly} firstName
- / total : Money middleName : [0..1)
lastName
Private visibility k Public visibility readonly k k
attributes attribute with initialization Optional value
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Methods Names from Interaction Diagrams

The methods of each class can be identified
by analyzing the interaction diagrames.

‘Reqister

2. makelLineltem(spec, qty) >

Sale

makeLineltem(...)
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Methods in Application

Payment

Register ProductCatalog ProductSpecification
- description
- price
+ endSale() + getSpecification(...) - itemID

+ enterltem(...)
+ makeNewSale()
+ makePayment(...)

- amount

Sale
- date
- isComplete
- time

SalesLineltem

Store
- address
- name
+ addSale(...)

+ becomeComplete()

+ makelLineltem(...)
+ makePayment(...)

+ getTotal()

- quantity

+ getSubtotal()
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Message to Multiobject

The find method is not part of the Product Specification
class

1: spec = getSpecification(id)

'

- Product
Catalog k
The find message is to the
1.1: spec := find(id) esssecse container object, not to a
¢ ProductSpecification.

|
:Product J
Specification
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Adding Type Information

The types of the attributes, method
parameters, and method return values

Register ProductCatalog ProductSpecification

description : Text
price : Money
itemID : ItemID

endSale() getSpecification(id: ItemID) : ProductSpecificatio
enterltem(id : ItemID, gty : Integer)
makeNewSale()
makePayment(cashTendered : Money)

—

Store Sale SalesLineltem
address : Address date : Date quantity : Integer
name : Text isComplete : Boolean

time : Time getSubtotal() : Money
addSale(s : Sale)

becomeComplete()

makeLineltem(spec : ProdSpecification , gty : Integer Payment
makePayment(cashTendered : Money)q
getTotal() : Mogey amount : Money

Return type of method H void; no return value H
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Showing Navigability and Attribute Visibility

Register class will Navigability arrow indicates

have an attribute pointing to a Register objects are

Sale object. connected uni-directionally to
Sale objec_ts.

k .'o Sale

Register .

date

the currentSale

. . : . | isComplete
attribute is often Uaumn-t-S-a-l-e-—SaJe— 1 Captures O | time

excluded, as it is

implied by the a endSale() Q, 1 | becomeComplete()
navigable enterltem(....) makeLineltem(...)
association from makeNewSale() . makePayment(...)
Register to Sale. makePayment(....) getTotal()

Absence of navigability
arrow indicates no
connection from Sale to
Register.
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Navigability

Navigability is identified from interaction diagrams

create() — -Store 2. create(pc)— ‘Redister
1: create()
l 1.1: create() —»
1.2.2*: add(ps)— |
pc: :Product
1 BrogueiSrataia & Specification
T 1.2.1": create(id, price, description)
—
ps:

ProductSpecification
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Associations with Navigability Adornments

Store Uses

1| address : Address 1

name : Text Y ProductSpecification
ProductCatalog
addSale(....) ) description : Text
Contains price : Money
1 Looks-i 1 48 -
ooKs-n I 1 1.7 | itemID : ItemID
getSpecification(...)
Houses x ]
1 1 Describes
N Sale
' *
Register date : Date SalesLinelt
isComplete - Boolean alieSLESIEn
Captures | time : Time | Contains > quantity : Integer
< ’ ' - . 1..
entdSI’itIe() ' ' becomeComplete() tSubtotal(
en ir Nem(ég makelLineltem(...) getSubtotal()
e AT makepayment()
akeray getTotal()
*/\ ]
Logs-completed ” Payment

Paid-by
> amount : Money
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Adding Dependency Relationship Indicating

Non-Attribute Visibility

Declared visibility with dashed line, indicates non-attribute
visibility.
Sale does not keep reference to ProductSpecification.

Sale receives a ProductSpecification as a parameter in the
makeLineltem message (through Register)

Store Uses

1| address : Address 1 ‘ 1

name : Text Y ProductSpecification
ProductCatalog
addSale(...) Contains description : Text
) : ) price : Money
I Looks-in N 1 1.*| itemID: ItemID
getSpecification(...)
Houses e ——— = 57
— — __A_A,.,.---’/Y / 1 A
1 1 ~~ Describes
Sale -
i /O — *
Register /- date : Date — -
: isComplete : Boolean SalesLineltem
. Captures time : Time Contains quantity : Integer
v F4
endSale() 1: 1 1 1.
enterltem(...) . rlz]ea(:‘?er:ﬁ(éﬂrggl(tete)() getSubtotal()
makeNewSale() makePa
yment(...)
makePayment(...) getTotal()
Logs-completed® : *1 1 Payment
. Paid-by
> amount : Money
A dependency of Register knowing about 1
ProductSpecification.

Recommended when there is parameter,
global or locally declared visibility.
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Notation for Member Details

SampleClass

java.awt_Font

classAttribute

+ publicAttribute

- privateAttribute
attributeWithVisibilityUnspecified
attribute1 : type

burgers : List of VeggieBurger

attribute2 : type = initial value
finalConstantAttribute - int =5 { frozen }
/dernivedAttribute

plain : Integer = O frozen }
bold : Integer = 1{ frozen }
name : String

style : Integer =0

«interface»
Runnable

run()

+ getFont(name - String) - Font
+ getName() : String

l’\t
\

fo\
[

classMethod()

+ «constructor» SampleClass(int)
methodWithVisibilityUnspecified()
methodReturnsSomething() : Foo
abstractMethod()

abstractMethod2() { abstract } // alternate
+ publicMethod()

- privateMethod()

# protectedMethod()

~ packageVisibleMethod()

finalMethod() { leaf }
methodWithoutSideEffects() { query }
synchronizedMethod() { guarded }
method1WithParms(in parm1:String, inout parm2:int

method2WithParms(parm1:String, parm2:float)
method3WithParms(parm1, parm2)

method4WithParms(String, int)
methodWithParmsAndReturn(parm1: String) : Foo
methodWithParmsButUnspecified(...) : Foo
methodWithParmsAndReturnBothUnspecified()

AlarmClock

Jjava.awt. Toolkit
or
java.awt.Toolkit { abstract }

run()

/I there are attributes, but not shown

# createButton(target : Button) : ButtonPeer

+ getColorModel() : ColorModel

FinalClass { leaf }

~e
o

. /I there are methods, but not shown

A

an empty
compartment
without ellipsis
means there is

* | definitely no

members (in
this case, no
attributes)

Software Design and Analysis CSCI 2040
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Members Detalils in POS Class Diagram

Register ProductCatalog ProductSpecification Payment
- description - amount
- price
+ endSale() + getSpecification(...) - itemID

+ enterltem(...)
+ makeNewSale()

+ makePayment(_..) Sale
- date SalesLineltem
Store - iIsComplete
- time - quantity
- address
- name + becomeComplete() + getSubtotal()
+ makeLineltem(...)
+ addSale(...) + makePayment(...)

+ getTotal()
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Method Body Notation

UML notation

A method body implementation may be shown in a UML note box. It should be placed within braces, wh
signifies it iIs semantic influence (it is more than just a comment).

The synax may be pseudo-code, or any language.

It is common to exclude the method signature (public void ...), but it is legal to include it.

| N

Register

e

{

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

endSale() .
enterltem(id, qty) o,
makeNewSale()

makePayment(cashTendereEﬂ- .

}

{ A

public void enterltem( id, qty )

{
ProductSpecification spec = catalog.getSpecification(id);
sale.makelLineltem(spec, qty);

}

}

Software Design and Analysis CSCI 2040
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DCDs within UP

Discipline Artifact Incep. | Elab. | Const. | Trans.
Iteration-= Il ElL En |Cl..Cn| T1.T2
Busimess Modeling  |Domain Model S
Requirements Use-Case Model (SSDs) S r
Vision S r
Supplementary Specifications S I
Glossary S r
Design Design Model S r
SW Architecture Document S
Data Model S r
Implementation Implementation Model S r 1
Project Management |SW Development Plan S I r 1
Testing Test Model S r
Environment Development Case S r

Software Design and Analysis CSCI 2040
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inspires [
the names |
and f
attributes ;
of some
software |
classes in "‘,
the design 4

Domain Model

Register 1 Sale
date
- . 4 /
l
/ suggests domaina'\‘ Use-Case Model \
concepts \ :
B 2o 3
EH
Elask \ requires UCRs /,.'

\ i
\

!

l!i?!!l

makeNewSale()

enterltem I-r|

(itemID, quantity) .

N
/ Design Model » \

»
>

Register

makeNewSale()
enterltem(...)

Sale

date

spec := getSpecification( itemID )J

I use-case
realizations
| (UCRs)
I the design classes
' discovered while

/ designing UCRs are

/ summarized in DCDs

ProductCatalog
N
getSpecification(...) design
class
diagrams
(DCDs)

22
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Code Changes and Iterative Process

Implementation in an iteration influences later

design.
Iterative Cycles
of Development
- T
- -
- - .~ -
= —-—
Requirements .| Requirements Requirements
Analysis 71 Analysis Analysis
Design - Design > Design
Implementation Implementation Implementation
and Testing and Testing and Testing
Time N
>

Software Design and Analysis CSCI 2040
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Defining Class with Methods and Attributes

{

}

public class SalesLineltem

private int quantity;

public Mbney getSubtotal() { ... }

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

O

Sales Lineltem;'

quantity : Integed

Described-by

ProductSpecification

getSubtotal() : Money

Software Design and Analysis CSCI 2040
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description : Text
price : Money
itemID : ItemID
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Adding Reference Attributes

public class SalesLineltem

Simple attribute H ....... {
"**+.0| private int quantity;

o| private ProductSpecification productSpec;

"
.
.
.
.
*
..

Reference attributek‘

[e——

public SalesLineltem(ProductSpecification spec, int qty) {...

public Money getSubtotal() { ... }.'.
} .

ProductSpecification

SalesLineltem

: ‘. | description : Text
quantity : Integer Described by O/ price : Money
* 1 | itemID : ItemID

getSubtotal() : Money

Software Design and Analysis CSCI 2040 %



Reference Attributes and Role Names

Role names may be used to generate instance
variable names.

|

public class SalesLineltem

{

private int quantity;

private ProductSpecification productSpec;

}

ProductSpecification

SalesLineltem
1| description : Text

price : Money

quantity : Integer Described-by 0

* productSpec | itemID : ItemID
getSubtotal() : Money O
Role name used in
attribute name.

Software Design and Analysis CSCI 2040
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Mapping Date and Time to Java

[
public class Sale Sale
{ - - , date : Date
private Date dateTime = new Date()peeepesesccccacns sComplete : Boolean
} time : Time
becomeComplete()

makeLineltem()
makePayment()
getTtotal()

In Java, the java.util.Date class combines both date and
timestamp information. Therefore, the separate
attributes in the design can be collapsed when mappin
to Java.
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Creating Methods from Interaction Diagrams

enterltem(id, qty) — 2: makeLineltem(spec, qty;—
:Register :Sale

1: spec := getSpecification(id)l 2.1: create(spec, qty)

'

:Product
Catalog

sl: SalesLineltem

1.1: spec := find(id)l

2.2: add(sl)l

| I
-Product J :SalesLineltem J
Specification
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Register-enterltem Method

public class Register

{

private ProductCatalog catalog;
private Sale sale;

public Register(ProductCatalog pc) {...} ProductCatalog

public void endSale() {...} Looks-in 1
public void enterltem(ltemlID id, int qty) {...}

public void makeNewSale() {...}

public void makePayment(Money cashTendered) {...}

}

N

getSpecification(...)

1 Sale

Register date : Date
. 1 1 isComplete : Boolean
o) Captures | time: Time
endSale()

enterltem(id: ItemID, qty : Integer)
makeNewSale()

makePayment(cashTendered : Money)

becomeComplete()
makeLineltem(...)
makePayment(...)
getTotal()
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Enterltem Method

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

}

o
enterltem(id, qty)}—» 2: makelLineltem(spec, gty
:Register :Sale

1: spec := getSpecification(id)

'

:Product
Catalog
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Adding Collection

a
_ Sale
public class Sale
{ date : Date )
isComplete : Boolean SalesLineltem
time : Time Contains TR
private List lineltems = new ArrayList(); ¥ quantity : Integer
} Q becomeComplete() 1 o)
. makeLineltem() + | getSubtotal()
’ makePayment() ;
. getTtotal() .

*. | A collection class is necessary to

" maintain attribute visibility to all the |
SalesLineltems.
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Defining Sale — makeLineltem Method

{
lineltems.add( new SalesLineltem(spec, qty) J;
} 0. .‘
enterltem(id, qty) —» 2: makeLineltem(spec, qtyy—> [+,
:Regqister % *Qale
2.2: add(sl) e

2.1: create(spec, qty

'

I
_ sl: SalesLineltem
:SalesLineltem
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Order of Implementation

What should be the order?
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Order of Implementation

Classes need to be implemented (and ideally,
fully unit tested) from least-coupled to most-
coupled.

For example, possible first classes to
implement are either Payment or
ProductSpecification;

Next are classes only dependent on the prior
implementations— ProductCatalog or
SaleslLineltem.



Possible Order of Implementation

Store

o Uses
address : Address 1 ]
name : Text Y e ProductSpecificatior

_ ProductCatalog
addSale(...) _ description : Text
Contains o
1 Looks-in 1] 2| price : Money
. 1 1.7 | itemID : ItemID
“| getSpecification(...)
Houses A
1
1 1 Describes
\ e Sale
*
Register date : Date . . o
iIsComplete : Boolean SalesLineltem
_ Captures | time - Time ; Conloms -1 2| quantity : Integer
endSale() 1 T | becomeComplete() " _
enterltem(...) makeLineltem(_..) getSubtotal()
:Eiiggswn?:ﬁz) ) makePayment(...)
akeray getTotal()
* \ ’I 0
Logs-completed Payment

Paid-by

amount : Money
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Sample Code

Class Payment

public class Payment {
private Money amount;

public Payment( Money cashTendered ) { amount = cashTendered; }
public Money getAmount() { return amount; } }
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Sample Code

Class ProductSpecification

public
p;iv
prive
privat

‘:"

'_’_l

= P:oiuctﬁpecification {
ItemID id;

M ney price;

String description;

W 0

A1)

l
1 te
T

-
=

public ProductSpecification
( ItemID id. Money price. String description ) {
this.id = id;
this.price = price;
this.description = description; }

public ItemID getltemlDO { return id;}
public Money getPrice() { return price; }

public String getDescription() { return description; }
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Sample Code

Class ProductCatalog

public class ProductCatalog {

private Map productSpecifications
P ublic Proc

= new HashMap() ;

5

/ semp;e data

ItemID idl = new ItemID( 100 );
ItemID id2 = new ItemID( 200 );
Money price = new Money( 3 )

ication( idl, price, "product 1" );
.put( idl, ps )

'fiCA‘lwr( 1d2, price, "product 2" );
id2, ps ); }

Software Design and Analysis CSCI 4030
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Sample Code

Class SalesLineltem

private int quantity;
private ProductSpe

uctSpecification productSp

CTopecC,

es eltem (ProductSpecification spec, int quantity )
{

public

retuln 3::iLLL___;.ge:P:ice()
b )

.times ( guantity );

Software Design and Analysis CSCI 4030
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priv

te
ate Dat
te

te

P iva can
Pr iva entc

public
return paymer

1t . g

Money getBalanceO {
Amount ()

public void becomeComplete ()

public bool

rl:»

public

vold makelineltem

( ProductsSpecification

lineltems.a

public

[

1
Money total
Iterator i =

add ( new

new

lineltems.

while ( i.hasNextO

{
Linelt
add (

u'[l

-v"]n

1le
ote

ct N

’ln
’ln

}
return total;

public void makePayment ( Money cashTendered )

2N
sli

}

511

ment (

Money getTotal ()

)

an isComplete ()

{
1

.minus

{ isComplete

return isComplete;

spec,

MoneyO;
iterator ()

= (Sale
.getSubtota

SalesLine

int
tem(

cashTendered

getTotal ()

quanti:y
quantity )



Sample Code

Class Register

public c
priva
prive

catalog;

[
O
1w
—
—_—

> Reglster( ProductCatalog cat
this.c 1 C

public void endSaleQ {
sa le.LcCu.:;:mplete();

}

public void enterltem( ItemID id, int guantity ) {
ProductSpecification spec = catalog.getSpecification( id );

-

ale.makelineltem( spec, guantity ); }

. Vﬂii makePayment ( Money cashTendered ) {
le.makePayment ( cashTendered ); }

Software Design and Analysis CSCI 4030 4



Automatic Code Generation

There are many tools, that provide automatic
code generation based on UML diagrams which

saves lots of time.

NET code from UML class diagrams in Visual Studio
Eclipse UML Generators



Automatic Code Generation

DvdClassModel.classdiagram* £ X Ml Class View v 2Xx
cd DvdClassModel ) “ 0@
<Search> A
A DVD 4 DvdRentalModellib
b M Project References
=| Attributes b ‘3 DVD
~ o=
+ Title : String p % Person
=l Operations @_ Hire(object)
+ Hire(Person hirer) @ Title
o
. ga hiredBy
rentals 0.*
Team Explorer Class View
<olor v 3
hiredBy | 0.1 Solution Explorer X
4 v - l P
A Person Q () e QAo <O
Search Solution Explorer (Ctrl+;) P~

=| Attributes

E Solution ‘GenCodeTestl’ (2 proj...
+ Name : String

_ 4 25 DvdRentalModel
=l Operations »W Layer References

P M ModelDefinition

b EE DvdClassModel.classdiag...
4 DvdRentalModelLib

P Je Properties

P wm References

4 W GeneratedCode

C* DVD.cs

C* Person.cs
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Are interactions diagrams useful to create
DCDs? If yes, how?

What is navigability used for?

How to determine the visibility of attributes
and functions in DCDs?

How to determine the order of the
implementation of classes?




Review Slides.
Read Chapter 19 and 20

Applying UML and Patterns, Craig Larman
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