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BASED ON THE BOOK...
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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

> 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 

B o o k

t i t l e

p u b l i c  c l a s s  B o o k
{
p r i v a t e  S t r i n g  t i t l e ;

p u b l i c  C h a p t e r  g e t C h a p t e r ( i n t )  { . . . }
}

d o m a i n  c o n c e p t v i s u a l i z a t i o n  o f
d o m a i n  c o n c e p t

r e p r e s e n t a t i o n  i n  a n
o b j e c t - o r i e n t e d
p r o g r a m m i n g  l a n g u a g e
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EXAMPLE - DICE GAME
> Player rolls two die
> If the total is seven, the player wins, otherwise the 

player loses
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EXAMPLE - DEFINE USE CASES

> „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.

D e f i n e  d o m a i n
m o d e l

D e f i n e
i n t e r a c t i o n

d i a g r a m s

D e f i n e  d e s i g n
c l a s s  d i a g r a m s

D e f i n e  u s e
c a s e s
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EXAMPLE - DOMAIN MODEL

D e f i n e  d o m a i n
m o d e l

D e f i n e
i n t e r a c t i o n

d i a g r a m s

D e f i n e  d e s i g n
c l a s s  d i a g r a m s

D e f i n e  u s e
c a s e s
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EXAMPLE - DEFINE INTERACTION DIAGRAMS

D e f i n e  d o m a i n
m o d e l

D e f i n e
i n t e r a c t i o n

d i a g r a m s

D e f i n e  d e s i g n
c l a s s  d i a g r a m s

D e f i n e  u s e
c a s e s

: D i c e G a m e

p l a y ( )

d i e 1  :  D i e

f v 1  : =  g e t F a c e V a l u e ( )

d i e 2  :  D i e

r o l l ( )

r o l l ( )

f v 2  : =  g e t F a c e V a l u e ( )
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EXAMPLE - DESIGN CLASS DIAGRAMS

D e f i n e  d o m a i n
m o d e l

D e f i n e
i n t e r a c t i o n

d i a g r a m s

D e f i n e  d e s i g n
c l a s s  d i a g r a m s

D e f i n e  u s e
c a s e s
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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

I n t e r f a c e

S a l e P a y m e n t

L o g P e r s i s t e n c e F a c a d e

a p p l i c a t i o n
l o g i c  a n d
d o m a i n  o b j e c t
l a y e r

t e c h n i c a l
s e r v i c e s  l a y e r

m i n o r  f o c u s

e x p l o r e  h o w  t o  c o n n e c t  t o
o t h e r  l a y e r s

p r i m a r y  f o c u s  o f
c a s e  s t u d y

e x p l o r e  h o w  t o
d e s i g n  o b j e c t s

s e c o n d a r y
f o c u s

e x p l o r e  h o w
t o  d e s i g n
o b j e c t s
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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
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SYSTEM SEQUENCE DIAGRAMS

:  C a s h i e r
: S y s t e m

S i m p l e  c a s h - o n l y  P r o c e s s  S a l e  s c e n a r i o :

1 .  C u s t o m e r  a r r i v e s  a t  a  P O S  c h e c k o u t
w i t h  g o o d s  a n d / o r  s e r v i c e s  t o  p u r c h a s e .
2 .  C a s h i e r  s t a r t s  a  n e w  s a l e .

3 .  C a s h i e r  e n t e r s  i t e m  i d e n t i f i e r .
4 .  S y s t e m  r e c o r d s  s a l e  l i n e  i t e m  a n d
p r e s e n t s  i t e m  d e s c r i p t i o n ,  p r i c e ,  a n d
r u n n i n g  t o t a l .

C a s h i e r  r e p e a t s  s t e p s  3 - 4  u n t i l  i n d i c a t e s
d o n e .

5 .  S y s t e m  p r e s e n t s  t o t a l  w i t h  t a x e s
c a l c u l a t e d .

6 .  C a s h i e r  t e l l s  C u s t o m e r  t h e  t o t a l ,  a n d
a s k s  f o r  p a y m e n t .
7 .  C u s t o m e r  p a y s  a n d  S y s t e m  h a n d l e s
p a y m e n t .
. . .

e n t e r I t e m ( i t e m I D ,  q u a n t i t y )

e n d S a l e ( )

m a k e P a y m e n t ( a m o u n t )

d e s c r i p t i o n ,  t o t a l

t o t a l  w i t h  t a x e s

c h a n g e  d u e ,  r e c e i p t

*  [ m o r e  i t e m s ]

m a k e N e w S a l e ( )
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SYSTEM SEQUENCE DIAGRAMS

e n t e r I t e m ( i t e m I D ,  q u a n t i t y )

: S y s t e m:  C a s h i e r

e n d S a l e ( )

m a k e P a y m e n t ( a m o u n t )

b o x  m a y  e n l o s e  a n
i t e r a t i o n  a r e a

t h e  *  [ . . . ]  i s  a n  i t e r a t i o n
m a r k e r  a n d  c l a u s e
i n d i c a t i n g  t h e  b o x  i s  f o r
i t e r a t i o n

e x t e r n a l  a c t o r  t o  s y s t e m P r o c e s s  S a l e  S c e n a r i o

s y s t e m  a s  b l a c k  b o x

t h e  n a m e  c o u l d  b e  " P O S "  b u t  " S y s t e m "  k e e p s  i t  s i m p l e

t h e  " : "  a n d  u n d e r l i n e  i m p l y  a n  i n s t a n c e ,  a n d  a r e  e x p l a i n e d  i n  a
l a t e r  c h a p t e r  o n  s e q u e n c e  d i a g r a m  n o t a t i o n  i n  t h e  U M L

a  m e s s a g e  w i t h
p a r a m e t e r s

i t  i s  a n  a b s t r a c t i o n
r e p r e s e n t i n g  t h e
s y s t e m  e v e n t  o f
e n t e r i n g  t h e
p a y m e n t  d a t a  b y
s o m e  m e c h a n i s m

d e s c r i p t i o n ,  t o t a l

r e t u r n  v a l u e ( s )
a s s o c i a t e d  w i t h  t h e
p r e v i o u s  m e s s a g e

a n  a b s t r a c t i o n  t h a t
i g n o r e s  p r e s e n t a t i o n  a n d
m e d i u m

t h e  r e t u r n  l i n e  i s  o p t i o n a l
i f  n o t h i n g  i s  r e t u r n e d

t o t a l  w i t h  t a x e s

c h a n g e  d u e ,  r e c e i p t

*  [ m o r e  i t e m s ]

m a k e N e w S a l e ( )
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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
> Identify 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

S t o r eR e g i s t e r S a l eI t e m

P a y m e n t

S a l e s
L i n e I t e m

C a s h i e r C u s t o m e r M a n a g e r

P r o d u c t
C a t a l o g

P r o d u c t
S p e c i f i c a t i o n

> According to our current understanding of the problem
> Related to Glossary
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MODELS - MULTIPLE PERSPECTIVES

> 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

S a l eR e g i s t e r R e c o r d s - c u r r e n t  
11

a s s o c i a t i o n  n a m e m u l t i p l i c i t y

- " r e a d i n g  d i r e c t i o n  a r r o w "
- i t  h a s  n o  m e a n i n g  e x c e p t  t o  i n d i c a t e  d i r e c t i o n  o f
 r e a d i n g  t h e  a s s o c i a t i o n  l a b e l
- o f t e n  e x c l u d e d

> The concepts do have relationships
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ASSOCIATION MULTIPLICITIES
I t e mS t o r e S t o c k s

0..*

m u l t i p l i c i t y  o f  t h e  r o l e

1

e x a c t l y  o n e

z e r o  o r  m o r e ;
" m a n y "  ( a l s o  " 0 . . n "  o r   " * " )

o n e   o r  m o r e
( a l s o  1 . . n )

T

T

T

T

0..1

1

 0..*

1..*

T
3, 5, 8

e x a c t l y  3 ,  5 ,  o r  8

z e r o  t o  4 0

e x a c t l y  5

T

T

 0..40

5

z e r o  o r  o n e
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POS ASSOCIATIONS
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ATTRIBUTES
> In a domain model include attributes for which the 

requirements imply a need to remember information
> Keep attributes simple

C a s h i e r

n a m e
c u r r e n t R e g i s t e r

C a s h i e r

n a m e

R e g i s t e r

n u m b e r

U s e s

W o r s e

B e t t e r

n o t  a  " s i m p l e "  a t t r i b u t e

1 1
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ATTRIBUTES IN POS DOMAIN MODEL

R e g i s t e r I t e m S t o r e

a d d r e s s  :  A d d r e s s
n a m e  :  T e x t

S a l e

d a t e  :  D a t e
t i m e  :  T i m e

P a y m e n t

a m o u n t  :  M o n e y

S a l e s
L i n e I t e m

q u a n t i t y  :  I n t e g e r

C a s h i e r C u s t o m e r M a n a g e r

P r o d u c t
C a t a l o g

P r o d u c t
S p e c i f i c a t i o n

d e s c r i p t i o n  :  T e x t
p r i c e  :  M o n e y
i d :  I t e m I D

> 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
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OPERATION CONTRACTS
> Contracts can be defined for system operations

:  C a s h i e r
: S y s t e m

a d d L i n e I t e m ( i t e m I D ,  q u a n t i t y )

e n d S a l e ( )

m a k e P a y m e n t ( a m o u n t )

d e s c r i p t i o n ,  t o t a l

t o t a l  w i t h  t a x e s

c h a n g e  d u e ,  r e c e i p t

*  [ m o r e  i t e m s ]

m a k e N e w S a l e ( )

t h e s e  i n p u t  s y s t e m  e v e n t s
i n v o k e  s y s t e m  o p e r a t i o n s

t h e  s y s t e m  e v e n t
m a k e N e w S a l e  i n v o k e s  a
s y s t e m  o p e r a t i o n  c a l l e d
m a k e N e w S a l e  a n d  s o  f o r t h

t h i s  i s  t h e  s a m e  a s  i n  o b j e c t -
o r i e n t e d  p r o g r a m m i n g  w h e n
w e  s a y  t h e  m e s s a g e  f o o
i n v o k e s  t h e  m e t h o d  ( h a n d l i n g
o p e r a t i o n )  f o o
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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)
- s was associated with the Register 
  (association formed)
- Attributes of s were initialized
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EXAMPLE CONTRACT - ENTERITEM
> Operation: enterItem (itemID : ItemID, 

quantity : integer)
> Cross references: Use Cases: Process Sale
> Preconditions: There is a sale underway
> Postconditions:

- A SalesLineItem 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

G l o s s a r y

S o f t w a r e
A r c h i t e c t u r e  D o c .

R e q u i r e m e n t s

P r o j e c t
M a n a g e m e n t

B u s i n e s s
M o d e l i n g

D e s i g n

P a r t i a l  a r t i f a c t s ,
r e f i n e d  i n  e a c h

i t e r a t i o n .

T e s t

T e s t
P l a n

S o f t w a r e
D e v .  P l a n

.  .  .

U s e - C a s e  M o d e l

t e x t
u s e

c a s e s

: S y s t e m

f o o (  x  )

s y s t e m
o p e r a t i o n
c o n t r a c t s

s y s t e m
s e q u e n c e
d i a g r a m s

t h e  d o m a i n  o b j e c t s ,
a t t r i b u t e s ,  a n d  a s s o c i a t i o n s
t h a t  u n d e r g o  s t a t e  c h a n g e s

t h e  s y s t e m  o p e r a t i o n s  a r e
h a n d l e d  b y  d e s i g n i n g
s o f t w a r e  t o  f u l f i l l  t h e  p o s t -
c o n d i t i o n s  o f  t h e  c o n t r a c t s

b a r (  y  )

u s e
c a s e

d i a g r a m s

D e s i g n  M o d e l

s y s t e m
o p e r a t i o n s

E n v i r o n m e n t

D e v e l o p m e n t
C a s e

Domain
Model
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CONTRACT RELATIONSHIP TO OTHER ARTIFACTS



© UNICORN 2007

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

> Initiating 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
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OBJECT DESIGN - makeNewSale

: R e g i s t e r

m a k e N e w S a l e ( )

: S a l ec r e a t e ( )

R e g i s t e r  c r e a t e s  a
S a l e  b y  C r e a t o r

c r e a t e ( ) : S a l e s
L i n e I t e m

b y  C r e a t o r ,  S a l e
c r e a t e s  a n  e m p t y
m u l t i o b j e c t  ( s u c h  a s
a  L i s t )  w h i c h  w i l l
e v e n t u a l l y  h o l d
S a l e s L i n e I t e m
i n s t a n c e s

C A U T I O N :
T h i s  i s  n o t  a  S a l e s L i n e I t e m  i n s t a n c e .  T h i s  i s  a
c o l l e c t i o n  o b j e c t  ( s u c h  a s  a  L i s t )  t h a t  c a n  h o l d
S a l e s L i n e i t e m  o b j e c t s .

b y  C r e a t o r
a n d  C o n t r o l l e r

t h i s  a c t i v a t i o n  i s  i m p l i e d  t o  b e  w i t h i n  t h e
c o n s t r u c t o r  o f  t h e  S a l e  i n s t a n c e
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OBJECT DESIGN - enterItem
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OBJECT DESIGN - endSale

: R e g i s t e re n d S a l e ( ) s  :  S a l e1 :  b e c o m e C o m p l e t e ( )

{
p u b l i c  v o i d  b e c o m e C o m p l e t e (  )
{
   i s C o m p l e t e  =  t r u e ;
}
} {  s . i s C o m p l e t e  =  t r u e  }

a  c o n s t r a i n t  i m p l e m e n t a t i o n  i n  a  n o t e  b o x

o b s e r v e  t h e  o u t e r  b r a c e s  a r o u n d  t h e  m e t h o d
s i g n i f y i n g  a  c o n s t r a i n t  w i t h i n  a  n o t e  b o x

a  c o n s t r a i n t  t h a t  d o e s n ' t  d e f i n e  t h e
a l g o r i t h m ,  b u t  s p e c i f i e s  w h a t  m u s t  h o l d  a s  t r u e
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OBJECT DESIGN - getTotal

: S a l et o t  : =  g e t T o t a l ( ) 1  * :  s t  : =  g e t S u b t o t a l ( )

: P r o d u c t S p e c i f i c a t i o n

1 . 1 :  p r  : =  g e t P r i c e ( )

:  S a l e s L i n e I t e m
*

b y  E x p e r t b y  E x p e r t

r e c a l l  t h i s  s p e c i a l  n o t a t i o n  t o
i n d i c a t e  i t e r a t i o n  o v e r  t h e
e l e m e n t s  o f  a  c o l l e c t i o n
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OBJECT DESIGN - getTotal

: S a l et o t  : =  g e t T o t a l ( ) 1  * :  s t  : =  g e t S u b t o t a l ( )

: P r o d u c t S p e c i f i c a t i o n

1 . 1 :  p r  : =  g e t P r i c e ( )

:  S a l e s L i n e I t e m
*

{  s t  =  a S L I . q u a n t i t y  *  a S L I . p r o d S p e c . p r i c e  }

/ /  o b s e r v e  t h e  s e u d o  c o d e  s t y l e  h e r e
{
p u b l i c  v o i d  g e t T o t a l ( )
{
   i n t  t o t  =  0 ;
   f o r  e a c h  S a l e s L i n e I t e m ,  s l i
          t o t  =  t o t  +  s l i . g e t S u b t o t a l ( ) ;
   r e t u r n  t o t
}
}

N o t e  t h e  s e m i - f o r m a l  s t y l e  o f  t h e  c o n s t r a i n t .  " a S L I "  i s  n o t
f o r m a l l y  d e f i n e d ,  b u t  m o s t  d e v e l o p e r s  w i l l  r e a s o n a b l y
u n d e r s t a n d  t h i s  t o  m e a n  a n  i n s t a n c e  o f  S a l e s L i n e I t e m .
L i k e w i s e  w i t h  t h e  e x p r e s s i o n  a S L I . p r o d S p e c . p r i c e .

T h e  p o i n t  i s  t h a t  t h e  c o n s t r a i n t  l a n g u a g e  c a n  b e  i n f o r m a l ,
t o  s u p p o r t  q u i c k  a n d  e a s y  w r i t i n g ,  i f  d e s i r e d .
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OBJECT DESIGN - makePayment

1 :  m a k e P a y m e n t ( c a s h T e n d e r e d )

1 . 1 :  c r e a t e ( c a s h T e n d e r e d )

: R e g i s t e r : S a l e

: P a y m e n t

m a k e P a y m e n t ( c a s h T e n d e r e d )

b y  C o n t r o l l e r b y  C r e a t o r  a n d  L o w  C o u p l i n g
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LOGGING THE SALE
> Who should be responsible for knowing the completed 

sales?

S t o r e

. . .

a d d S a l e ( s  :  S a l e )
. . .

S a l e s L e d g e r

. . .

a d d S a l e ( s  :  S a l e )
. . .

S t o r e  i s  r e s p o n s i b l e  f o r
k n o w i n g  a n d  a d d i n g
c o m p l e t e d  S a l e s .

A c c e p t a b l e  i n  e a r l y
d e v e l o p m e n t  c y c l e s  i f  t h e
S t o r e  h a s  f e w
r e s p o n s i b i l i t i e s .

S a l e s L e d g e r  i s  r e s p o n s i b l e
f o r  k n o w i n g  a n d  a d d i n g
c o m p l e t e d  S a l e s .

S u i t a b l e  w h e n  t h e  d e s i g n
g r o w s  a n d  t h e  S t o r e
b e c o m e s  u n c o h e s i v e .

S a l e

. . .

. . .

S a l e

. . .

. . .

L o g s - c o m p l e t e d  L o g s - c o m p l e t e d 

0 . . * 0 . . *

1 1
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OBJECT DESIGN - LOGGING THE COMPLETED SALE

1 :  m a k e P a y m e n t ( c a s h T e n d e r e d )

1 . 1 :  c r e a t e ( c a s h T e n d e r e d )

: R e g i s t e r s  : S a l e

: P a y m e n t

m a k e P a y m e n t ( c a s h T e n d e r e d )

: S t o r e

2 :  a d d S a l e ( s )

c o m p l e t e d S a l e s :  S a l e
c o m p l e t e d S a l e s :  S a l e

2 . 1 :  a d d ( s )

b y  E x p e r t

n o t e  t h a t  t h e  S a l e  i n s t a n c e  i s  n a m e d
' s '  s o  t h a t  i t  c a n  b e  r e f e r e n c e d  a s  a
p a r a m e t e r  i n  m e s s a g e s  2  a n d  2 . 1
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OBJECT DESIGN - CALCULATING THE BALANCE

: S a l e p m t :  P a y m e n t1 :  a m t  : =  g e t A m o u n t ( )b a l  : =  g e t B a l a n c e ( )

{  b a l  =  p m t . a m o u n t  -  s e l f . t o t a l  }

N o t e  t h e  u s e  o f  " s e l f "  i n  t h e  c o n s t r a i n t .  T h e  f o r m a l  O C L  u s e s  t h e  s p e c i a l  v a r i a b l e  " s e l f "
f o r  " t h i s "  ( i n  J a v a  a n d  C + + ) .  " s e l f "  i n  t h i s  c o n s t r a i n t  i m p l i e s  t h e  i n s t a n c e  o f  t h e  S a l e .

A l t h o u g h  o f f i c i a l  O C L  i s  n o t  b e i n g  u s e d ,  t h i s  s t y l e  i s  b o r r o w i n g  f r o m  i t .

A  c o n s t r a i n t  c a n  b e  i n  a n y  f o r m a l  o r  i n f o r m a l  l a n g u a g e .

2: t := getTotal()
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OBJECT DESIGN - startUp
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CONNECT UI LAYER AND DOMAIN LAYER
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CONNECT UI LAYER AND DOMAIN LAYER
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UP ARTIFACTS
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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

:  R e g i s t e r
e n t e r I t e m

( i t e m I D ,  q u a n t i t y )

:  P r o d u c t C a t a l o g

s p e c  : =  g e t S p e c i f i c a t i o n (  i t e m I D  )

{
p u b l i c  v o i d  e n t e r I t e m (  i t e m I D ,  q t y  )
{
  . . .
  s p e c  =  c a t a l o g . g e t S p e c i f i c a t i o n ( i t e m I D )
  . . .
}
}

c l a s s  R e g i s t e r
{
  . . .
  p r i v a t e  P r o d u c t C a t a l o g  c a t a l o g ;
  . . .
}
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ATTRIBUTE VISIBILITY

:  R e g i s t e r
e n t e r I t e m

( i t e m I D ,  q u a n t i t y )

:  P r o d u c t C a t a l o g

s p e c  : =  g e t S p e c i f i c a t i o n (  i t e m I D  )

{
p u b l i c  v o i d  e n t e r I t e m ( i t e m I D ,  q t y )
{
  . . .
  s p e c  =  c a t a l o g . g e t S p e c i f i c a t i o n ( i t e m I D )
  . . .
}
}

c l a s s  R e g i s t e r
{
  . . .
  p r i v a t e  P r o d u c t C a t a l o g  c a t a l o g ;
  . . .
}
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PARAMETER VISIBILITY

> Can be assigned to Attribute visibility

2 :  m a k e L i n e I t e m ( s p e c ,  q t y )e n t e r I t e m ( i d ,  q t y )

2 :  s p e c  : =  g e t S p e c i f i c a t i o n ( i d )
2 . 1 :  c r e a t e ( s p e c ,  q t y )

: R e g i s t e r : S a l e

: P r o d u c t
C a t a l o g

s l  :  S a l e s L i n e I t e m
/ /  i n i t i a l i z i n g  m e t h o d  ( e . g . ,  a  J a v a  c o n s t r u c t o r )
{
S a l e s L i n e I t e m ( P r o d u c t S p e c i f i c a t i o n  s p e c ,  i n t  q t y )
{
. . .
p r o d u c t S p e c  =  s p e c ;   / /  p a r a m e t e r  t o  a t t r i b u t e  v i s i b i l i t y
. . .
}
}
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LOCAL VISIBILITY

> 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

2 :  m a k e L i n e I t e m ( s p e c ,  q t y )e n t e r I t e m ( i d ,  q t y )

1 :  s p e c  : =  g e t S p e c i f i c a t i o n ( i d )
2 . 1 :  c r e a t e ( s p e c ,  q t y )

: R e g i s t e r : S a l e

: P r o d u c t
C a t a l o g

s l  :  S a l e s L i n e I t e m
{
m a k e L i n e I t e m ( P r o d u c t S p e c i f i c a t i o n  s p e c ,  i n t  q t y )
{
  . . .
  s l  =  n e w  S a l e s L i n e I t e m ( s p e c ,  q t y ) ;
  . . .
}
}
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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
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DOMAIN MODEL VS. DESIGN MODEL

R e g i s t e r

. . .

e n d S a l e ( )
e n t e r I t e m ( . . . )
m a k e P a y m e n t ( . . . )

S a l e

d a t e
i s C o m p l e t e  :  B o o l e a n
t i m e

m a k e L i n e I t e m ( . . . )

Captures

R e g i s t e r
S a l e

d a t e
i s C o m p l e t e  :  B o o l e a n
t i m e

Captures

s o f t w a r e  c l a s s

1 1

11D o m a i n  M o d e l

D e s i g n  M o d e l

C o n c e p t ;  c o n c e p t u a l  c l a s s



© UNICORN 2007

POS DESIGN CLASSES

> Method names from interaction diagrams

R e g i s t e r

. . .

. . .

S a l e

d a t e
i s C o m p l e t e
t i m e

. . .

S a l e s L i n e I t e m

q u a n t i t y

. . .

P r o d u c t C a t a l o g

. . .

P r o d u c t S p e c i f i c a t i o n

d e s c r i p t i o n
p r i c e
i t e m I D

. . .

S t o r e

a d d r e s s
n a m e

. . .

P a y m e n t

a m o u n t

. . .

S a l e s L i n e I t e m

q u a n t i t y

g e t S u b t o t a l ( )

P r o d u c t C a t a l o g

. . .

g e t S p e c i f i c a t i o n ( )

P r o d u c t S p e c i f i c a t i o n

d e s c r i p t i o n
p r i c e
i t e m I D

. . .

S t o r e

a d d r e s s
n a m e

a d d S a l e ( . . . )

P a y m e n t

a m o u n t

. . .

R e g i s t e r

. . .

e n d S a l e ( )
e n t e r I t e m ( . . . )
m a k e N e w S a l e ( )
m a k e P a y m e n t ( . . . ) S a l e

d a t e
i s C o m p l e t e
t i m e

b e c o m e C o m p l e t e ( )
m a k e L i n e I t e m ( . . . )
m a k e P a y m e n t ( . . . )
g e t T o t a l ( )
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METHOD NAMES - MULTIOBJECTS
> A message to multiobject is a message to the 

container/collection object

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

1 . 1 :  s p e c  : =  f i n d ( i d )

: P r o d u c t
C a t a l o g

: P r o d u c t
S p e c i f i c a t i o n

T h e  f i n d  m e s s a g e  i s  t o  t h e
c o n t a i n e r  o b j e c t ,  n o t  t o  a
P r o d u c t S p e c i f i c a t i o n .

1: spec := getSpecification(id)
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ADDING TYPE INFORMATION

S a l e s L i n e I t e m

q u a n t i t y  :  I n t e g e r

g e t S u b t o t a l ( )  :  M o n e y

P r o d u c t C a t a l o g

. . .

g e t S p e c i f i c a t i o n ( i d :  I t e m I D )  :  P r o d u c t S p e c i f i c a t i o n

P r o d u c t S p e c i f i c a t i o n

d e s c r i p t i o n  :  T e x t
p r i c e  :  M o n e y
i t e m I D  :  I t e m I D

. . .

S t o r e

a d d r e s s  :  A d d r e s s
n a m e  :  T e x t

a d d S a l e ( s  :  S a l e )

P a y m e n t

a m o u n t  :  M o n e y

. . .

R e g i s t e r

. . .

e n d S a l e ( )
e n t e r I t e m ( i d  :  I t e m I D ,  q t y  :  I n t e g e r )
m a k e N e w S a l e ( )
m a k e P a y m e n t ( c a s h T e n d e r e d  :  M o n e y )

S a l e

d a t e  :  D a t e
i s C o m p l e t e  :  B o o l e a n
t i m e  :  T i m e

b e c o m e C o m p l e t e ( )
m a k e L i n e I t e m ( s p e c  :  P r o d S p e c i f i c a t i o n  ,  q t y  :  I n t e g e r )
m a k e P a y m e n t ( c a s h T e n d e r e d  :  M o n e y )
g e t T o t a l ( )  :  M o n e y

R e t u r n  t y p e  o f  m e t h o d v o i d ;  n o  r e t u r n  v a l u e
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ADDING ASSOCIATIONS AND NAVIGABILITY

> 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
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NAVIGABILITY
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DEPENDENCY
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NOTATION FOR MEMBER DETAILS
S a m p l e C l a s s

c l a s s A t t r i b u t e
+  p u b l i c A t t r i b u t e
-  p r i v a t e A t t r i b u t e
a t t r i b u t e W i t h V i s i b i l i t y U n s p e c i f i e d
a t t r i b u t e 1  :  t y p e
b u r g e r s  :  L i s t  o f  V e g g i e B u r g e r
a t t r i b u t e 2  :  t y p e  =  i n i t i a l  v a l u e
f i n a l C o n s t a n t A t t r i b u t e  :  i n t  =  5   {  f r o z e n  }
/ d e r i v e d A t t r i b u t e

c l a s s M e t h o d ( )
+  « c o n s t r u c t o r »  S a m p l e C l a s s ( i n t )
m e t h o d W i t h V i s i b i l i t y U n s p e c i f i e d ( )
m e t h o d R e t u r n s S o m e t h i n g ( )  :  F o o
+  p u b l i c M e t h o d ( )
-  p r i v a t e M e t h o d ( )
#  p r o t e c t e d M e t h o d ( )
~  p a c k a g e V i s i b l e M e t h o d ( )
f i n a l M e t h o d ( )  {  l e a f  }
m e t h o d W i t h o u t S i d e E f f e c t s ( )  {  q u e r y  }
s y n c h r o n i z e d M e t h o d ( )  {  g u a r d e d  }
m e t h o d 1 W i t h P a r m s ( i n  p a r m 1 : S t r i n g ,  i n o u t  p a r m 2 : i n t )
m e t h o d 2 W i t h P a r m s ( p a r m 1 : S t r i n g ,  p a r m 2 : f l o a t )
m e t h o d 3 W i t h P a r m s ( p a r m 1 ,  p a r m 2 )
m e t h o d 4 W i t h P a r m s ( S t r i n g ,  i n t )
m e t h o d W i t h P a r m s A n d R e t u r n ( p a r m 1 :  S t r i n g )  :  F o o
m e t h o d W i t h P a r m s B u t U n s p e c i f i e d ( . . . )  :  F o o
m e t h o d W i t h P a r m s A n d R e t u r n B o t h U n s p e c i f i e d ( )

j a v a . a w t . F o n t

p l a i n  :  I n t e g e r  =  0  {  f r o z e n  }
b o l d  :  I n t e g e r  =  1  {  f r o z e n  }
n a m e  :  S t r i n g
s t y l e  :  I n t e g e r  =  0
. . .

+  g e t F o n t ( n a m e  :  S t r i n g )  :  F o n t
+  g e t N a m e ( )  :  S t r i n g
. . .

j a v a . a w t . T o o l k i t
o r

j a v a . a w t . T o o l k i t  {  a b s t r a c t  }

. . .     / /  t h e r e  a r e  a t t r i b u t e s ,  b u t  n o t  s h o w n

a b s t r a c t M e t h o d ( )
a b s t r a c t M e t h o d 2 ( )  {  a b s t r a c t  }    / /  a l t e r n a t e
. . .

F i n a l C l a s s  {  l e a f  }

. . .   / /  t h e r e  a r e  m e t h o d s ,  b u t  n o t  s h o w n

« i n t e r f a c e »
R u n n a b l e

r u n ( )

A l a r m C l o c k

r u n ( )
. . .

a n  e m p t y
c o m p a r t m e n t
w i t h o u t  e l l i p s i s
m e a n s  t h e r e  i s
d e f i n i t e l y  n o
m e m b e r s  ( i n
t h i s  c a s e ,  n o
a t t r i b u t e s )
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IMPLEMENTATION MODEL

R e q u i r e m e n t s
A n a l y s i s

D e s i g n

I m p l e m e n t a t i o n
a n d  T e s t i n g

I t e r a t i v e  C y c l e s  o f
D e v e l o p m e n t

R e q u i r e m e n t s
A n a l y s i s

D e s i g n

I m p l e m e n t a t i o n
a n d  T e s t i n g

R e q u i r e m e n t s
A n a l y s i s

D e s i g n

I m p l e m e n t a t i o n
a n d  T e s t i n g

T i m e
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METHOD BODIES

R e g i s t e r

. . .

e n d S a l e ( )
e n t e r I t e m ( i d ,  q t y )
m a k e N e w S a l e ( )
m a k e P a y m e n t ( c a s h T e n d e r e d )

{
   P r o d u c t S p e c i f i c a t i o n  s p e c  =  c a t a l o g . g e t S p e c i f i c a t i o n ( i d ) ;
   s a l e . m a k e L i n e I t e m ( s p e c ,  q t y ) ;
}

{
p u b l i c  v o i d  e n t e r I t e m (  i d ,  q t y  )
{

   P r o d u c t S p e c i f i c a t i o n  s p e c  =  c a t a l o g . g e t S p e c i f i c a t i o n ( i d ) ;
   s a l e . m a k e L i n e I t e m ( s p e c ,  q t y ) ;
}
}

U M L  n o t a t i o n :
A  m e t h o d  b o d y  i m p l e m e n t a t i o n  m a y  b e  s h o w n  i n  a  U M L  n o t e  b o x .  I t  s h o u l d  b e  p l a c e d  w i t h i n  b r a c e s ,  w h i c h
s i g n i f i e s  i t  i s  s e m a n t i c  i n f l u e n c e  ( i t  i s  m o r e  t h a n  j u s t  a  c o m m e n t ) .

T h e  s y n a x  m a y  b e  p s e u d o - c o d e ,  o r  a n y  l a n g u a g e .

I t  i s  c o m m o n  t o  e x c l u d e  t h e  m e t h o d  s i g n a t u r e  ( p u b l i c  v o i d  . . . ) ,  b u t  i t  i s  l e g a l  t o  i n c l u d e  i t .
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CLASS DEFINITIONS
p u b l i c  c l a s s  S a l e s L i n e I t e m
{
p r i v a t e  i n t  q u a n t i t y ;

p u b l i c  S a l e s L i n e I t e m ( P r o d u c t S p e c i f i c a t i o n  s p e c ,  i n t  q t y )  {  . . .  }

p u b l i c  M o n e y  g e t S u b t o t a l ( )  {  . . .  }

}

S a l e s L i n e I t e m

q u a n t i t y  :  I n t e g e r

g e t S u b t o t a l ( )  :  M o n e y

P r o d u c t S p e c i f i c a t i o n

d e s c r i p t i o n  :  T e x t
p r i c e  :  M o n e y
i t e m I D  :  I t e m I D

. . .

D e s c r i b e d - b y

10 . . *
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CLASS DEFINITIONS II
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MAPPING ATTRIBUTES

S a l e

d a t e  :  D a t e
i s C o m p l e t e  :  B o o l e a n
t i m e  :  T i m e

b e c o m e C o m p l e t e ( )
m a k e L i n e I t e m ( )
m a k e P a y m e n t ( )
g e t T t o t a l ( )

p u b l i c  c l a s s  S a l e
{
p r i v a t e  D a t e  d a t e T i m e  =  n e w  D a t e ( ) ;
. . .
}

I n  J a v a ,  t h e  j a v a . u t i l . D a t e  c l a s s  c o m b i n e s  b o t h  d a t e  a n d
t i m e s t a m p  i n f o r m a t i o n .  T h e r e f o r e ,  t h e  s e p a r a t e  a t t r i b u t e s
i n  t h e  d e s i g n  c a n  b e  c o l l a p s e d  w h e n  m a p p i n g  t o  J a v a .
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CREATING METHODS

> The events from collaboration / sequence diagrams 
shall become methods on class diagrams
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CREATING METHODS II
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ADDING COLLECTIONS
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Q&A
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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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