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Based in parts on ‘UML Distilled’ from Martin Fowler

Unified Modeling 
Language
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Why UML — OO Notation Standard Needed
• OO methodology evolved in parallel in different areas of 

development

Flat–File Databases
Hierarchical Databases
Relational Databases

Object–Oriented Databases 

“Program Design by Informal English 
Descriptions”, Abbott

Booch
Ken Orr ERDs
Chen ERDs

Database Design Methods 

Simula 67/SmallTalk
C++

Object–Oriented Languages 

Hand axe
etc. 

Programming LanguagesHardware

Many notations evolved
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UML Goals

• Provide a visual modeling language that is
– Ready to use
– Expressive

• Independent of particular programming languages
– Only partially succeeded

– Independent of development process
– Extensible

• Core concepts can be extended or specialized by users
– Supportive of higher–level concepts

• e.g. collaborations, frameworks, patterns, components
– Provide a modeling language that

• Integrates best practices
• Encourages growth of OO tools market 
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UML History

Booch ´91

Booch ´93

Unified Method 0.8

UML 1.0

OMT - 2

OMT - 1 OOSE

UML 0.9 & 0.91

OOPSLA ´95

June ´96 & Oct ´96

Publication of UML 1.1 September ´97

Other methods

public
feedback

Publication of 
UML 1.0, Jan ´97

UML Partners’
Expertise

Industrialization 

Standardization 

Unification 

Fragmentation 

UML 1.1

UML 1.4

UML 2.0

Publication ´01

Publication Expected ´03

• When UML started, architecture research still in infancy



CS578 Software Architecture -- Unified Modeling Language

© 2005-2006 Alexander Egyed 2

USC - Center for Software EngineeringUSC - Center for Software Engineering

USC

C S E

5

UML Characteristics

• Large, useful set of predefined constructs
• Extensible
• Semi-formal definition of syntax & semantics
• Wide adoption
• Standardization
• Substantial tool support
• Basis in experience with mainstream development 

methods
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Overview of UML

• UML model comprises several views & models addressing
– Classes with attributes, operations, & relationships
– States & behavior of individual classes
– Packages of classes & their dependencies
– Example scenarios of system usage
– Object instances in scenario
– Actual behavior of interacting instances in scenario
– Distributed component deployment & communication

• UML syntax & semantics are defined via
– metamodel

• A UML model that specifies abstract syntax & semantics of language
– Descriptive text
– Constraints
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• Diagrams
– Use Case Diagrams
– Class Diagrams
– Interaction Diagrams
– Package Diagrams
– State Diagrams
– Activity Diagrams
– Deployment Diagrams

• Properties (Pros/Cons)

Outline
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UML OMG Standard

UML is a language for specifying, constructing, and 
documenting software systems:

- General Purpose Modeling Language
- Merges Modeling Element from Booch, Rumbaugh, 

Jacobson and others 
- Object-Oriented Analysis and Design
- Graphical Notation supporting numerous diagrams 
- Extensible Notation (Stereotypes)
- Extensible Semantics (Object Constraint Language)

UML is backed by numerous software producers such as
Digital, HP, IBM, Oracle, Microsoft, Unisys, and others
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Analysis, Design, Programming

Object-Oriented Analysis OOA
-> create a domain model in a OO modeling notation
-> problem/environment description

Object-Oriented Design OOD
-> create a product model in a OO modeling notation
-> solution/interface to environment description

Object-Oriented Programming OOP
-> OOD implementation in a programming language
-> filling in the ‘blanks’ not defined in the OOD
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Use-Case Diagrams

- Capture those parts of the system that are visible to 
the outside (e.g. users or other systems). 

- A use case is usually about a concrete goal or task 
from the user’s point of view

- Use-Cases give no feedback in terms of complexity or 
system decomposition 

=> mainly an analysis method.
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administrative staff

Prescribe Treatment
doctor

patient database

nurse

facilities databaseSchedule Resources
dietician

kitchenOrder Meals

Discharge Patient

Admit Patient File<<uses>>

<<uses>>

Procedure Fails

Track Treatment Procedures

<<extends>>

Use-Case Diagram

Human
Actor

System
Actor

Use-Case

Stereotype
(between guillemots)
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Class Diagrams

- Describe the static relationship of classes in a system. 
These relationship must always be true. 

- Classes often represent physical or otherwise tangible 
entities but this must not always be true.

- Classes are probably the most misunderstood and 
misused elements in OO design.

Connectors => Message Passing/Method Invocation:
- Associations
- Aggregation
- Generalization
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CheckingAccount

CollegeAccount

CurrentAccount
PBAAccount

SavingsAccount

Area Branch

1..*1..*

BankCard

Customer

1

0..1

1

0..1

has

Accoun t

0..*1 0..*1

Is at

1..*
1..*

1..*
1..*

1..*

1..*

1..*

1..*

Transaction

1

1..*

1

1..*

Is at

11..* 11..*

1

1..*

1

1..* Posts

Class

Generalization
Aggregation

Association

Class Diagram
USC - Center for Software EngineeringUSC - Center for Software Engineering

USC

C S E

14

Class Diagrams

Classes are usually the most central OO development 
elements since they reflect the actual implementation the 
closest -> this may have negative side effects. 

Need to distinguish three types of classes:
- Conceptual Classes: Should capture domain entities with 

no regard to the actual implementation.
- Design Classes: Should capture design entities without 

overly committing to implementation details 
- Implementation Classes: Should capture the physical  

model (e.g. strongly influenced by programming language)
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Vis it Record
adm iss ion date
release date
room  num ber
m edications
tes ts  scheduled

Bill

Medical Staff Admi n Sta ff Operations Staff

Operating Room

Pharm acy

Kitchen
Em ergency Room

Laboratory

Medical His tory
diagnos tic info
tes t results
X-rays

Patient
nam e
address
SSNO
insurance info

adm it patient()
discharge patient()

Staff

Hospital

Fa cili ties

Dom ain Models  show real-world 
objects  and the relationships 
between them

Domain Classes
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Visit Record
admission date
release date
room number
medications
tests scheduled

Hospital

0..*

1..1

0..*

1..1

Access

Medical History
diagnostic info
test results
X-rays

Patient
name
address
SSNO
insurance info

admit patient()
discharge patient()

1..11..1 1..11..1

Bill

Account
status
amount

create()
modify()
delete()

1..1

0..*0..*

1..1

Design Classes

Pre:{amount=0}
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nvo_WindowManager

CheckUnsavedData()
OpenWindow()

w_ExceptionHandling

ExceptionHandlingSelection()

w_Logon

Open()
cb_OK-Click()

nvo_SecurityManager

CheckAccess()

nvo_SessionManager

GetUserID()
GetSubSystem()
CheckConnectionStatus()

nvo_SystemManager

CheckAccess()
GetSubSystem()
CheckConnectionStatus()
SetSubSystem()
RaiseException()
HandleException()

-iu_SecurityManager

-iu_SessionManager
nvo_ExceptionManager

RaiseException()
LogException()

-iu_ExceptionManager

dso_Exception

+idso_

Account
status
amount

create()
modify()
delete()

Visit Record
admission date
release date
room number
medications
tests scheduled

Patient
name
address
SSNO
insurance info

admit patient()
discharge patient()

1..1

1..1

1..1

1..1

Medical History
diagnostic info
test results
X-rays

w_HospitalWindow

Open()
SetAccess()
CheckUnsavedData()

Implementation Classes
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Advanced Concepts in Classes

- Constraint Rules: e.g. Precondition {Amount = 0}. Also 
useful to model post conditions and invariants (Design by 
Contract)

- Multiple Classifications 

Fem ale

Male

Pe rson

Patient

Doctor

Nurse

Therapis t

Surgeon

Doctor

patient
role

sex
{mandatory}
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Advanced Concepts in Classes

- Aggregation and Composition: Aggregation is the part-of 
relationship. Easy? Consider: Employee part-of 
Company, Engine part-of Car, etc. Sounds right but may 
not be true!

Circle

Style

Point
(from awt)

Polygon
(f rom a wt)

Instance of Point belongs to only one 
object and it dies with it

Aggregation

Composition
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Advanced Concepts in Classes

- Derived Associations and Attributes

- Interfaces and Abstract Classes 
(generalization vs. realization)

- Classification vs. Generalization (is-a is dangerous)
1) Peter is-a Doctor; 2) Doctor is-a Employee; 
3) Doctor is-a Profession => Peter is-a Profession?

Person
date-of-birth
/  age

Window

toFront()
toBack()

<<abstract>>

PC Window

X11 

Mac 

MyApp
realize
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Advanced Concepts in Classes

- Qualified Associations 

- Association Classes

Order Product Order Line
am ount : Num ber0..1

line item
0..1

Is categorized by

Order uses Product to identify Order Line

Employment
period

Person Company
0..10..*

employer

0..* 0..1

Competency

Person Skills
0..*0..* 0..*0..*

Implies only one instance of Employment
per Association of Person and Company

=> Person employed by same
company at different times?
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Advanced Concepts in Classes

- Parameterized Class 

- Instantiated Class, Utility Class, Meta-Class, ...

- Visibility (public, private, protected)

Employee EmployeeSet

<<bind>>

<Employee>

Set

insert()
rem ove()

T
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Interaction Diagrams

- Describe how groups of objects interact with one another. 
Interaction diagrams show the behavior of objects during 
a particular time or time frame.

- On a conceptual level, interaction diagrams may show the 
collaboration of use cases and conceptual classes -> 
things the user and customer can relate to. 

- On a specification and implementation level the focus is 
on the collaboration of software system components.

Two basic types
- Sequence Diagrams
- Collaboration Diagrams
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Sequence Diagram

: Lease

: Set Point Schedule 
Item

: Section: Building Owner

Schedule In Effect

Create Lease

add zone to section
search

* [for all points]

Object

Message/Call

[lease exists] Delete Lease

...

Object Dies

Object is Born

Return

Iteration

Conditions
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Concurrent Processes and Activations
a Transaction

a second 
Transaction Checker

new

all done?

beValid

new

ok

ok

new

a Transaction
Coordinator

a first Transaction 
Checker

new

all done?

Asynchronous
Message

Other Processing
Suppressed

Object kills
itself
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Concurrent Processes and Activations

a Transaction

a second 
Transaction Checker

new

beInvalid

new

fails

new

a Transaction
Coordinator

a first Transaction 
Checker

new

all done?

Object is killed

Kill other checkers
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Order Entry Window

Order

Macal lan l ine :  Order Line Macallan stock : Stock Item

Delivery Item Reorder Item

1: prepare()

2: * [for all order lines]: prepare()

3: hasStock := check()
4: [hasStock]: remove()

5: needsReorder := needToReorder()

6: [needsReorder]: new7: [hasStoc k]:  new

Object

Message Sequence Number

Collaboration Diagram
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Interactions Diagrams

Sequence Diagrams:
-> easy to see the sequence of events happening
Collaboration Diagrams:
-> easy to see static connection (configuration) of objects

- Diagrams emphasize simplicity. It is easy to create and to 
understand them as long as the process depicted is 
sequential in nature (one use case). 

- Both types of interaction diagrams tend to become 
awkward when conditions and loops are used (more 
generalized behavior). 

- Conditional behavior is best represented through 
separate diagrams.
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Package Diagrams

- Help in breaking down large software systems into 
smaller pieces. 

- Before OO, functional decomposition used to separate 
behavioral decomposition from data decomposition. This 
led to a system decomposition tat was incompatible with 
OO since here behavior and data cannot be separated.

- With OO, both forms of decompositions are merged and,  
thus, packages are really just a grouping mechanism for 
classes. 

- Relationships between packages are similar to those of 
classes, however, package interrelationships should 
decrease coupling and increase cohesion.
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Order Capture
UI

AWT Mailing List UI

Mai ling L ist 
Applicat ion

CustomersOrders

Order Capture 
Application

Package Diagram

Package
(like Modules)

Dependency
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Order Capture
UI

AWT Mailing List UI

Mailing List 
Application

Order Capture 
Application

Domain

Database 
Interface

<<abstract>>Comm on M oney 
DateRange

Oracle Interface

Sybase 
Interface

Orders Cus tom ers

Hierarchy

Generalization

Package Diagram

Packages are self 
contained entities like 
modules. Coupling should 
be minimized.

This makes them 
particularly useful
for testing and test 
scenarios (e.g. 
sequence diagrams)
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State Diagrams

State Diagrams have been around for a long time, even 
before OO. They are very useful in presenting what states 
an object/class may go through in its lifetime. 

In UML a state diagram represent the life of a single class 
or object. This is necessary because state diagrams are a 
non-OO design technique. Using state diagrams in OO on 
a system level may yield a functional system 
decomposition. Another problem is the state explosion 
problem.

=> use state diagrams only with classes
=> If used on a higher level (e.g. to describe use cases) be 

careful when using its decomposition during design.
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Checking
do: check item

Dispatc hing
do: initiate delivery

Delivered
Waiting

[ Not all items checked ] / get next 

 / get first item
[  Al l i tem s checked && all 

it ems available ]

[ All items checked &&
some items not in stock ]

It em Received[  som e 
items not in stock ]

Item Received[ all 
it ems  available ]

Delivered

State Diagram

Start

Self-Transition
Transition

State

Activity
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State Diagram and Superstate

Delivered

Active

Checking
do: check item

Dispatching
do: initiate delivery

Waiting

Cancelled

Checking
do: check item

[ Not all items checked ] / get next 

Dispatching
do: initiate delivery

[ All items checked && all 
items available ]

DeliveredWaiting

[ All items checked &&
some item s not in 

stock ]

Item Received[ some 
items not in stock ]

It em Received[  al l 
items available ]

 / get  first item

cancelled

Superstate
State Diagram for Order Class
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Authorizing
do: check payment

Authorized

Delivered

Rejected

[ payment not OK ]

[ payment OK ]

Another State Diagram

How do we represent previous
state diagram and current one
together?

Another State Diagram for 
Order Class

USC - Center for Software EngineeringUSC - Center for Software Engineering

USC

C S E

36

Waiting

Chec king Dispatching

Authorizing Authorized

Cancelled

Delivered

Rejected

Waiting

Chec king Dispatching

Authorizing Authorized

Concurrent State Diagram

Careful not to make a single class too complex 
e.g. break up the class into Dispatching and Authorizing.
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Activity Diagrams

Activity Diagrams are the newest addition to UML and they 
are also unique in that they did not exist before. Activity 
Diagrams merge concepts from Event Diagrams, SDL 
state modeling, and Petri nets.

Activity Diagrams appear like enriched state diagrams, 
however, the meaning of components and connectors are 
not quite the same. 

Activity diagrams cause a functional system breakdown 
and must be handled carefully. Nevertheless, through 
their emphasis on activities (like operators in classes), a 
OO interpretation of activity diagrams is much easier.
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Receive
Order

Authorize
Payment

Check Line
Item

Cancel
Order

* [for each line
item on order]

[failed]

Assign to
Order

[in stock]

Reorder
Item

[need to reorder]
[stock assignment to

all line items and
payment authorized]

[succeeded]

Dispatch
Order

Activity Diagram

Synchronization

Multiple Trigger

Condition

Activity
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Receive
Order

Authorize
Payment

Check Line
ItemCancel

Order

* [for each line
item on order]

[failed]

Assign to
Order

[in stock]

Reorder
Item

[need to reorder]

[stock assignment to
all line items and

payment authorized]

[succeeded]

Dispatch
Order

Choose
Outstanding
Order Items

Assign
Goods to

Order

Receive
Supply

Add
Remainder

to Stock

[all outstanding
order items filled]

* [for each
chosen order

item]

Order
ProcessingFinance

Stock
Manager

Categorized Activity Diagram
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Deployment Diagrams

Deployment Diagrams show the physical dependencies 
between software and hardware components. 

- Nodes represent computational units
- Components represent packages (subsystems) and
- Connectors represent communication paths.
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fids

appfram e

screen

reporti ng

assay

use r

dbconnect

DB In ter fa ce

Ora cle

Unit Server

Windows PC

Deployment Diagram
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UML Properties

Components -> classes and objects 
- abstraction of the real world
- self contained (method interfaces and data/state)
- dependencies among objects are described explicitly
Connectors -> “arrows”
- Association/dependency/inheritance
- Links (method invocation)
- Shared state (accessed through method invocation)

=> Little information about distribution, parallelism
=> Object reuse/understanding
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However, ...
- UML semantics are very ambiguous 
- Tools typically only support parts of UML but not entirety
- Uses both OO and functional development concepts

Nevertheless, ...
- Common meta model eases communication and 

interaction
- More precise meaning (semantics) can be added 

(customized)

UML Properties
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- UML notation is not very complex (easy to understand) 
but there are many subtleties.

- UML is not well suited for highly formal domains (too 
many ambiguities).

- UML supports all of software development (few 
restrictions)

- UML is not very analyzable

⇒use UML during general development process
⇒use UML as a refinement of ADLs

Conclusions


