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Introduction: History of the UML

The UML---Unified Modeling Language, is a

standard graphical language for “drawing a
system’s blueprints”

It was initially the result of an effort in unifying
the Booch, OOSE, and OMT methods

Most major software companies eventually got
involved, resulting in UML 1.1 (1997)

Its maintenance was then taken over by OMG
The previous version was UML 1.5

Adoption of the current version UML 2.0 was
completed in 2005
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Intro.: What the UML Is For

m For “drawing a system’s blueprints”

= More specifically, for
o Visualizing
o Specifying
o Constructing
o Documenting
object-oriented, software-intensive systems.
(This corresponds to the four aims of modeling.)
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Intro.: Whom the UML Is For

Analysts and End Users: specify the (structural
and behavioral) requirements

Architects: design systems that meet the
requirements

Developers: turn the design into executable code

Others: quality assurance personnel (e.g., testers),
technical writers, librarians, project managers, ...

All roles in software development should know
something about the UML.
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Importance of Modeling

Mind the scale:
o dog house

o family house

o office building

The use of modeling is a common thread of
successful software projects

In fact, modeling can be found in every
discipline/profession
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Basics of Modeling

» What is a model?

o simplification of reality

0 blueprints of a system: structural or behavioral
= Why do we model?

0 To better understand the system under development

o To focus on one aspect at a time (it is not possible to

comprehend a complex system in its entirety, so divide
and conquer ...)
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More Tips

Use a common language
Do modeling now, before it is too late
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Four Aims of Modeling

= To visualize a system
= To specify its structure and/or behavior
= To provide a guiding template for construction

» To document the decisions made
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Principles of Modeling

Models influence the solutions (so, choose your
models well)

Different levels of precision may be expressed
Good models are connected to reality

No single model is sufficient; multiple
models/views are needed
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Five Views of an Architecture

The four aims of modeling demand the system
be viewed from different perspectives:

Use case view: exposing the requirements

Design view: capturing the vocabulary of the
oroblem/solution space

Process view: processes and threads
mplementation view: physical realization

Deployment view: system engineering issues
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Object-Oriented Modeling

The main building blocks of all software systems
are objects and classes

An object is a thing drawn from the vocabulary of
the problem/solution space

Every object has an identity, a number of states,
and behavior

A class defines a set of common objects
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‘ Overview of the UML

= Things
= Relationships
= Diagrams
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‘ The UML in
the Software Development Process

= The UML allows one to express different views of a
system and their interactions

= The UML is largely process-independent

= The OMG recommends using the UML with the so-
called Unified Software Development Process:

0o Characteristics: (1) use case driven; (2) architecture-centric;
(3) iterative and incremental

0 Four phases of an iteration: inception, elaboration,
construction, transition
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‘Things in the UML

m Structural Things

a Class, interface, collaboration, use case, active class,
component, artifact, node

m Behavioral Things
o Interaction (messages, action sequences, links)
a State machine (states, transitions, events)

= Grouping Things: packages
= Annotational Things
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name

visibility

Class
Shape ' attributes
+origin : Point ol
+move(in p: Poi Objects are underlined
. /_\ . . .
liresize(in s: Scale) , Abstract elements are in italics
+display() F\ signature
#invalidateRegion() .
— operations
Responsibilities

-- manage shape
state

-- handle basic
shape
transformations

provided
Interface
\ IApplication ‘\
name

extra compartment
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Structural Things (1)

Collaboration Use Case

name eI - name

: Chain of Place order

\ responsibility /

Extra compartments may be used to show
contents.
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‘ Structural Things (1)

Active Class Component Node

ttribut ' N
name attributes ~ name icon |

(
EventManager \. g

-q : EventQueue d

——®@ Server

< _<fr£12ini_f§st_>2 _ | <<artifact>>

+suspend() @ SpellChecker spelling.dll
+flush() \ ?
operations o ’
Extra compartments may be used to Artifact

show contents.
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Behavioral Things ()

Interaction
name type anonymous role
role k\.
o l .
o t:Thread . Toolkit
sequence 3 T T
~—e al:run(3) I | o
label b @ lifeline
run() :
g
D callbackLoop()
Message creation
call
<<Lcreate>> Peer
joN
|
execution e handleExpose() |

specification »U
\. recursion «— - —————— __

<<destory>> | return

: : destructon
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Behavioral Things (Il)

State Machine

final state T

state transition
/ off / nested state

onHook / ouard

mnitial state
ready(3) [signalOK]

keepAlive / check() o
K/ Connecting
offHook / reclaimConnection()
Connected

N

action

Internal transition
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‘ Grouping Things

Package
name
\-Q Business rules
®

\ Extra compartments may be

used to show contents.
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Annotational Things

Note

note _
\x/. Consider the use
of the broker design

pattern here.
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Relationships in the UML

Dependency
Association
Generalization
Realization
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Relationships

name
\0 Owner
Dependency source ——————————————————————————————> target
name multiplicity navigation
0.1 \\0 Employs \' "
Association end end
employer employee
end name /
(subclass) (superclass)
Generalization child {> parent
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Diagrams in the UML

Graphical representations of things and
relationships

Structural and Architectural Diagrams:

o class diagrams, object diagrams, component diagrams,
composite structure diagrams, deployment diagrams
(including artifact diagrams), package diagrams

Behavioral Diagrams:

0 use case diagrams, interaction (sequence and
communication) diagrams, state diagrams, activity
diagrams, timing diagrams, interaction overview
diagrams
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Rules of the UML

Well-formed models
o Consistency

o Semantic rules: names, scope, visibility, integrity,
execution

Not well-formed models

o Elided
2 Incomplete

2 Inconsistent
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‘ Common Mechanisms in the UML

= Specifications: textual statements behind every
graphical element

m Adornments

m Common divisions

o class vs. object, interface vs. implementation, role vs.
type
m Extensibility mechanisms

0 stereotypes, tagged values, constraints
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‘ Extensibility
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,—. )
/ <<container>>
ActionQueue
stereotype <<container>>
add(a : Action) version=3.2
remove(n : Integer
emove( teger) tagged value
<<query>>
length() : Integer
® : . .
<<helper functions>> {add runs in O(1) time}
reorder() /.
constraint
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Class Diagram
class \_.l Company

multiplicity .\—/

* 1.*

| name

e
0.1 Department Location Office

-address : string
-phone : int

generalization
% s association Z&_/
/ Headquarters

-name : Name string

role constraint
1% _member 1 -manager ') ContactInformation
{subsets member} - > |-address : String string
|
Person |
. |
-name : string attributes | o
-employeelD : int — ! providedi
e : string : PersonnelRecord nterface
-title : string operations | it > —
+getPhoto() : | . , .
+getPhone() | : -errllploymentHlstory [Securelnformation
+getContactInformation() | ————-——-——- ! | “Salary
+getPersonalRecords() | ---————-—-—--—- -

dependency
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Advanced Classes

abstract

/\
static attribute e I ame type

\. -header: Frameheader ®
-uniquelD : long

public .
+addMessage(in m: message) : bool
#setCheckSum()
protected ?: -encrypt() \
signature

private
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Classifiers

In general, those modeling elements that can have
instances are called classifiers.

Interface
Datatype
Signal
Component
Node

Use case
Subsystem
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Abstract and Concrete Classes

/" Icon

abstract class -origin: Point abstract polymorphic operation
/
+display(){/Z/F} e—
N i sz
getiD() - mt{Eﬁ"x}k concrete operation

% abstract class
' |
Rectangularilcon Arbitarylcon °
—hglght - Int -edge: LineCollection
-width : it — -
+1sInside(in p: Point) : bool
ka concrete class
Button e . .
concrete polymorphic operation
+display()

T

OKButtone’
/—\
leafi e leaf class

+di splay(){lﬂ H#} ?__// concrete operation
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Template Classes

template parameters

template class

+map(n 1; Item, in v: VType) : bool
+1sMapped(in 1: Item) : bool {1sQuery}

/1N
: <<bind>>(Customer,Order,3)
implicit binding S - explicit binding
|
Map<Customer, Order, 3> OrderMap
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Advanced Relationships

Controller EmbeddedAgent

multiple VAN VAN

inheritance
//. association navigation

ES *k
SetTopController
<<interface>> _authorizationlevel PowerManager
Connectable
P -<] — —a— — —+startUp()
+connection
. +shutDown() :
+disconnect() +connect() - SSPEII>. | Channellterator
+disconnect()

realization
stereotyped dependency
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Advanced Relationships (cont.)

Stereotypes for dependency

2 Among classes and objects (in class diagrams): bind,
derive, permit (friend), instanceof, instantiate,
powertype, refine, use

2 Among packages: access, import
2 Among use cases: extend, include
2 In state machines: send

0 In subsystems and models: trace
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Advanced Relationships (cont.)

A stereotype for generalization:
o implementation

Constraints for generalization:

o complete, incomplete, disjoint, overlapping
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Advanced Relationships (cont.)

Properties of association
o Navigation
0 Visibility

Qualification

Interface specifier

d

d

0 Composition
0 Association classes
d

Constraints: implicit, ordered, changeable, addonly,
frozen
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Realizations

required 1nterface \

Target <

Java::Util::Observable
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provided interface

Observer O !‘ argetTracker

realization (simple form)

usage (requires

AN dependency) Interface definition
Target
-id N <<interface>>
-current?psﬂmn ___-#___%| Observer <] — o — | TargetTracker
+setPosition() +update()
+setVelocity()
+expectedPosition()

realization (provides dependency)
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Sequence Diagram

objects
¢ : Client
| DBSProx
|

create()
o |
»| _ Transaction |
synchronous |
' T message !
setActions(a, d, 0) ' : :
¥ ) ’_!_ / |
/ setValues(d, 3.4) |

time ’[
parameters |
setValues(a, "CO") |
\.. |
(committed) ' o
g | execution : lifeline
| specification u
|
destroy() x |
|
|
\ SN
— return asynchronous object destruction
| message message
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Communication Diagram

./’—\ object

¢ : Client

1: create()

link \. 2: setActions(a, d, 0)

3: destroy()

trans message
. Transaction { p_: ODBDProxy
>
object 2.1+ setValues(d, 3.4)

sequence — 2.2 : setValues(a, “CO” )
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Use Case Diagram

Credit Card Validation System

Perform card transaction

Customer Retail institution

Process customer bill

Reconcile transaction

Individual customer Corporate customer

Manage customer account
* Sponsoring financial institution
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Activity Diagram

_—

Initiation

Select site

Commission architect

actions

Develop plan

Bid plan
concurrent fork
sequential branch

\ ' [not accepted]

[else]
Do trade work / concurrent join

object flow

rtlflcate _: CertificateOfOccupancy

.\ [completed]

completion O concurrent flows

Finish construction
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Swimlanes and Object Flow

Customer les Warehouse

Request product

swimlane  —

object flow

)

= .0

[in progress]

Pull materials

Ship order

: Ord
1le
L) ‘ <

object ) b Bill
object flow \.

state [unpaid]
= h:Bill

\

Receive order
Pay bill
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Remarks

The best way to learn the UML is by actually
using it.

The term project is designed partly for this
purpose.

In follow-up lectures, we will cover
2 Some more advanced UML features
2 The Object Constraint Language

Things not covered in class are left for you to
explore.
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