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State Diagrams

v
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Objects have behaviors and state.

The state of an object depends on its current activity or
condition.

A state diagram shows the possible states of the object and
the transitions that cause a change In state.

State diagrams is also known as statechart diagrams or state
machine diagrams.

For a complex object, a statechart may be necessary to
specify implementation of methods.



Dynamic Modeling: State Diagrams

A State

U A condition during the life of an object during which it satisfies some
conditions, performs some actions or waits for some events

U Shown as a rectangle with rounded corners
A State Transition

U The changes in the attributes of an object or in the links an object has
with other objects

U Shown as a solid arrow
U Diagrammed with a guard condition and action

A Event
U Something that takes place at a certain point in time

OUTM



State Diagram

A A state diagram shows the possible states an object can take, the
events that trigger the transition between one state to the next, and
the actions that result from each state change
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State Diagram

Fuel
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State Diagram

state machine Bank ATv © uml-diagrams.org
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State Diagrams

A Our example diagram models the login part of an online banking system. Logging
in consists of entering a valid social security number and personal id number,
then submitting the information for validation.
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Different States for Different Objects in
the Same Use Case
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Exercise: Credit Card

A The credit card company issues a credit card. The customer

OUTM

calls the credit card company to activate the card. If the card
has an outstanding balance and no payments are received
for 60 days, then the card is suspended. Subsequently, if the
minimum amount due is paid within 30 days, the card is re-
activated; otherwise, the card is cancelled. At anytime the
customer may call and cancel their credit card.



Sequence Diagram

OUTM

UML Interaction diagrams are dynamic

U They describe how groups of objects collaborate

UML defines several forms of interaction diagram, of which
the most common is the sequence diagram.

Typically, a sequence diagram captures the behavior of a
single scenatrio.

Seguence Diagram shows the objects and the messages
that are passed between these objects in the Use Case

Methods necessary for a class are found with writing
sequence diagram



When to Use

A During requirements analysis

U Help refine use case descriptions

U Help find participating objects

U Help identify responsibilities of classes

U Help identify necessary communication between objects
A During system design

U Can help refine subsystem interfaces

U Can help identify control flow and messages between objects, once
concrete classes are being designed

OUTM



Sequence Diagrams

A Sequence diagrams:

U Indicates what messages are
sent and when

U Time progresses from top to
bottom

U Objects involved are listed
left to right

U Messages are sent left to
right between objects in
sequence.

A In UML 2, a sequence
diagram is drawn inside a
frame.

OUTM

< Diagram's Label > )

< Diagram's Content Area >




Sequence Diagram

A Below is a sequence diagram for making a hotel reservation. The object

OUTM

object

window
Userinterface

aChain
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initiating the sequence of messages is a reservation window.
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Object Detalls

name:Type | ---- the objecth|
|

| s ifeline]
i -

Object has name and type.

ts type is not specified of type Student Student, named 's'

B
An object named 'student’, An anonymous instancew An instance of typew

student Student s Student

Both are optional but at least one should be present.

UM



Message Details

:0Online
Bookshop

— — —> :Account

Create Message

Sent to a lifeline to create itself. It
is shown as a dashed line with
open arrowhead (looks the
same as reply message), and
pointing to the created lifeline's
head.

UM

Online

Bookshop :Account

«destroy»

Delete Message

Sent to terminate another lifeline.
The lifeline usually ends with a
cross in the form of an X at the
bottom denoting destruction
occurrence

‘Web
Client

:Online
Bookshop

Reply Message

Shown as a dashed line with open
arrow head (looks similar to
creation message).




Message Details

synchronoushessagelactual parameters), |

@“mw

an activation

Synchronous Message

A Indicated by a closed and filled arrowhead.

A If a caller sends a synchronous message, it must
wait until the message is done, such as invoking a
subroutine (i.e. a blocking call).

A Most method calls in object-oriented programming
languages are synchronous

Asynchronous Message

A Indicated by an open arrowhead.

A If a caller sends an asynchronous message, it
can continue processing
for a response.

A You see asynchronous calls in multithreaded
applications and in message-oriented middleware.

A Asynchrony gives better responsiveness and
reduces the temporal coupling but is harder to
debug.

Non-instantaneous Message

Some messages take a considerable amount of time to
reach the receiver (relatively speaking of course) . For
example, a message across a network. Such a non-
instantaneous message is drawn as a slanted arrow

and

do



Open New Account Example

bk : Bank ac : Account Imphcmy, we assume LD,
I . some action for bad debt
provision is also taken.

open new account |

create|

v

register(ac)

:




Restaurant Example

menu : Menu customer : Customer order : Order bill : Bill kitchen : Kitchen
1 L] l ; =

read | :

place order ) :

- _ prepare .
B . dishes

serve :

* i

getBill N :
prepare

bill
~bill <
L
pay bill | .




Telco Example

OUTM

Telephone Call

onHook()

<
-

:Exchange :Receiver :Talk

| | |

offHook( ) : : :
dialTone() : : :

< | | |
dialNumber() | | |
> | ringTone() I |

| >} |

: : offHook( ) \:

| : | onHook() '

: breakConnection( ) < :

| |

! |

! |




Telco Example

Telekom:SP

Auntie:User

UM

I

tl—

—eial12345)
rin '\LLD.Q\‘ |

M:%

~ifhook |

digl tone- -

off

Slanted messages take
some time

Can model real-time
systems



Telco Example (NOT)

di

UM

Telekom:SP

Auntie:User

P—%

——soanect

on_hook—

Crossing message lines

|
I
I
I
|
I
't are a bad sign

race conditions

Ll




Sequence Diagram for a Class Registration Scenario with Prerequisites

:Registration :Course .
enterClass
open () (stud,
class) :Registration
Entry

checklfOpen ( )

[checkIfOpen="true")
existsPrereqgs ()

Prereqs

|
[existsPrereqs="true"”] checkPrereqs (prereqs)
| | ’I

[checkPrereqs="true”] new ( )
: A - .... Registration
incrementClassSize ( ) ‘Rogistration
isClassFull ()
Confirmed [isClassFull="false"]
registration




UML Activity
Diagrams




Activity Diagram

A Activity Diagrams
U Fancy flowchart
U Displays the flow of activities involved in a single process

A Serves as a technigue to describe procedural logic, business
process logic, and work flow

A Is similar to a flowchart except that it can also show parallel
behavior

A States the essential sequencing rules to follow, thereby
allowing concurrent algorithms to be used

U Consequently, an activity diagram allows whoever is doing the
process to choose the order in which to do certain things

OUTM



Activity Diagram Notation

( ) A ctivity

L
®

Fork

These do not have
to be concurrent,
but ¢can occurin
any order

Flow

Join
Start
Join

Only 2 outof 3

aclivities need
to be completed

End

Swimlane
Seperator

Branch

S

( Conditiont ] [ Condition2 )

Merge

<



Activity diagrams - example

Insert card & validate PIN:

Inserts card; validates the PIN entered by the user against the central record held on
the bank system. Returns an output indicating that the PIN is either correct or
incorrect. If the PIN is correct then the session can continue. If the PIN is not correct
then the session will terminate, and the card should be returned to the user.

‘—>< Insert card > =<Validate PIN>

[incorrect PIN]

[correct PIN]

A 4

<Receive card\< < Transaction >

It also shows that a transaction is executed after the
PIN is validated against the central record.

OUTM



Swimlanes

A When activity diagrams contain several groups of related
activities (belong to the same objects, use cases etc) they
can be split into partitions known as swimlanes.

U ATMT Insert card & validate PIN:

Customer ATM system

.—>< Insert card =/Validate PIN>

o

N

[incorrect PIN]

J [correct PIN]

A 4

<Receive card\< < Transaction >

.

OUTM



ATM Withdrawal Example

swimlane
| ~. A For our example, we
Customer ATM Machine “Bank Used the fO”OWIng
«— start
process.
i “"Withdraw money from a
y Xt bank account through an
Enter pin Authorize { gquard expression ATM."
wismns W Twagen | A The roles involved in
@ the activity are
>(_ Check accountbalance ) CUStomer, ATM, and
[balarice »= amount] [balance < amount) Ban k
- fork <k/\ U These roles are
(" Debitaccount ) represented on the

diagram by partitions
rendered as horizontal
"swimlanes".

A The process begins at
the black start circle at
the top and ends at the
concentric white/black
stop circles at the
bottom. The activities
are rounded rectangles.

( Take money from slot )—

Eject card

(@ <«—— end

UM



Ticket Vending
Machine Example

A

@“mw

Activity is started by

Commuter who needs to buy a
ticket. Ticket vending machine will
request trip information from
Commuter. This information will
include number and type of tickets,
e.g. whether it is a monthly pass, one
way or round ticket, route number,
destination or zone number, etc.

Based on the provided trip info ticket
vending machine will calculate
payment due and request payment
options. Those options include
payment by cash, or by credit or debit
card. If payment by card was selected
by Commuter, another actor, Bank will
participate in the activity by
authorizing the payment.

Commuter

Ticket vending machine

Bank

Start Session
Provide

Trip Info

Provide
Payment Info

i @0

Request
Trip Info

Process
Trip Info
Request
Payment
Process
Payment

[pay with card]

[pay with
cash]

Authorize
Card Payment

Dispense Ticket

Tic

ket

Get
Ticket

[paid with cash
& with change]

Dispense
Change

Change

Get

N

O

Change

]

Show
Thank You



http://www.uml-diagrams.org/use-case-actor.html
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Document Approval Example

A A document goes through different or stages - it is created,
reviewed, updated, approved, and at some point archived. Different roles
participating in this process are Author, Reviewer, Approver, and Owner.

E: N\
Document Change
[Craft] Request
&
change needed
3 Review [ 9 ]
E Effective
! [obsolete]
Document
[Reviewed]
- [not approved)
@
8
4% [approved]
Document
[Effective]
. Archive ‘-
: | L
8
Document
© uml-diagrams.org [Archived]



http://www.uml-diagrams.org/state-machine-diagrams.html#behavioral-state

Enrolling In University Example

\ [help available]
/

Enrolling in the
University for the first

. A

[otherwise)
X
( \lincorrect] _ /
Fill Out Enroliment -
Forms [trivial
L 4 problems)
[correct)
' L ~
Enroll in University

~ e
Obtain Help to Fill AD #- 007
Out Forms
\
‘(Anend University
- Overview

L Presentation J

Enroll In Seminar(s

Make Initial Tuition
Payment




UML
Collaboration
Diagrams




Collaboration Diagrams

A Collaboration diagrams convey the same information as
sequence diagrams, but they focus on object roles instead of
the times that messages are sent.

A Provide a birds-eye view of a collection of collaborating
objects, particularly within a real-time environment.
U The ordering of a set of messages is captured by numbering them

OUTM



Hotel Reservation Example

UM

window:Userinterface

message
éli,lj makeResenaEtiondyiid

aChainHotelChain

< object

411 1.1: makeReservation(void

The object-role rectangles are
labeled with either class or object
names (or both). Class names are
preceded by colons ( :).

{sequm:e number

Hotel:Hotel i i aMotice:Confirmation
iteration —— self link
1.1.1.1:"or each day] (sRoom=available(:boolean —

Each message in a
collaboration diagram has
a sequence number



Telco Example

T o e

Object diagram with
numbered messages

Ed



