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Dynamic Model

» State Machine
— Describe which states an object can have during its life cycle
* Sequence Diagram

— Describe how objects interact and communicate with each
other

— The primary focus 1n sequence diagrams 1s time
 Communication Diagram
— Describe how objects interact

— But the focus 1n a collaboration diagram is space



Object Interaction
( Message )

* Synchronous >
— procedure call or other nested flow of control
e Return = crrvrercrereenes >
— return from a procedure call
* Simple >
- Flat flow of control
* Asynchronous ~

— Asynchronous flow of control.

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Defining behavior of the system
by a state diagram

Process Control System

2N

Ochimizu, Higashida, ”Object Modeling”, Addisen-Wesley Publishers Japan




What is a State ?

init help ! timeout
Ochimizu, Higashida, ”Object Modeling”,

Addison-Wesley Publishers Japan & & & &

Frozen Frozen Frozen Frozen Frozen
Period 1 Period2 Period3 Period 4 Period 5

time

on/Action init/Action help/Action timeout/Action

g X

Success of control/action




State Model

e Represent the behavior of an object by a
state transition diagram.



Defining the behavior of
philosopher and fork

right-next

philosopher

use

0..1

left-next

0..2

fork

Each philosopher must use right next fork and left next one not used

Ochimizu, Higashida,”Object Modeliiig”’, Addisori-Wesley Publishers Japan




Behavior of a Philosopher

eating end/ thinking end/

put down takes forks

forks
eating

Ochimizu, Higashida, ”Object Modeling”, Addison-Wesley Publishers Japan



State transition depends on the
state of forks both side

Event [guard] / action

~_

Ochimizu, Higashida, ”Object Modeling” . Addison-Wesley Publishers Japan



Detailed behavior of a

philosopher

[left-next fork is
not used]/take a
fork at left hang

having a fork
at left hand

[right-next fork is
not used]/take a
fork at right hand

Ochimizu, Higashida, ”Object Modeling”,

Addison-Wesley Publishers Japan

[forks at
both side
are not
used]/take
forks at
both hands

[right-next fork is
not used]/take a
fork at right hand

having a fork
at right hand

[left-next fork is
not used]/take a
fork at left hand

/put
down
forks



Passive Object and Active Object

* Passive Object

— It 1s activated when 1t receives a message from other
object ( work when being hit)

* Active Object

— It can change its state by itself and send a message to
other object if necessary

* In the case of philosopher

— Philosopher’s state of hunger changes autonomously
during thinking and eating.

Ochimizu, Higashida, ”Object Modeling”, Addisen-Wesley Publishers Japan



Simplified behavior

[right-next fork is
not used]/take a
fork at right hand

[left-next fork is
not used]/take a

fork at left hand thinking

[forks at

both side
are not /put
having a fork |\ used]/take down having a fork
at left hand / forks at forks at right hand

both hands
\

[right-next fork is ' [left-next fork is
not used]|/take a eating not used]/take a

fork at right hand fork at left hand

Ochimizu, Higashida, ”’Object Modeling”, Addison-Wesley Publishers Japan



Defining the behavior of a fork

put down.” put take. taken
down

Ochimizu, Higashida, ”Object Medeling’ o Addisen-Wesley Publishers Japan



right-next

use

0..1 0..2

left-next

Ochimizu, Higashida, ”Object Medéling™y Addissni-Wesley Publishers Japan
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Initial State and Final State

Invoice Invoice
created ( W paying Wdestroyed

® L Unpaid | { Paid J O,

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



State Transition

State 1 Wevent-signature [guard]/action “send-clause State 2

do: activityy

event-signature: event-name (parameter list)
draw (f: Figure, C: color)

draw()
send-clause: destination-expression . Destination-event-name (argument list)

message sent during transition

[timer=time-out] * self.go down ( first floor )

destination-expression: object or a series of objects

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Guard

Time-out [cars In

North/south W N/S right lanes] R North/south
may turn right

may go strait

Time-out [no cars

in N/S right lanes] time-out

time-out

Time-out [no cars
in E/W right lanes]

East/west ( East/west

may turn right | Time-out [cars in L may go strait
E/W right lanes]

J.Rumbaugh,”Object-Oriented:Modeling andiDesign”, PrenticeHall,199.



State Generalization

/Automatic transmission

.

~

N push R
{ Neutral} Reverse
push N

@
push N push F
Forward
stop upshift upshift
First Second Third
—
\_ downshift downshift

~

0/

J.Rumbaugh,”Object-Oriented Modeling and Design”, PrenticeHall,199.



Automatic Transition

coins in (amount)/set balance

N\ 4
[ idle
/  cancel/refund coins

Collecting money
coins in (amount)/add to balance

[item empty]

select (item)

[change<0]

do: test item and compute change

[change=0] [change>0]
(dO' dispense iterr] (d0° make ch
L . P J L . € changc

J.Rumbaugh,”Object-OrientedsModeling and Design”, PrenticeHall,199.



Sub diagram

dispense item
arm

ready ready

Do: move arm do: move arm do: push item
to correct row to correct column off shelf

J.Rumbaugh,”Object-Oriented Modeling and Design”, PrenticeHall,199.



Events in the state diagram correspond
with operations within the class

Digital~watch

mode-button()

/ inc()
inc/hours:=hours+1 inc/minutes:=minutes+1
module24 modulo 60
. / 4 .
( Display \moderutton Set hours \moderutmn Set mmutesW
do/ display do/ display do/ dlSPla)’J
current time ) . hours ) _ minutes

mode~button

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Message passing between two state diagram

Remote Control
~ On()
Off On
94 Off () -
Play () Stop ()
On () Off () Play () Stop ()
CD Player
N On() e ~ Py O
7 off 0 - _/ Stop ()
Off() / Stop ()

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.




Or-substate and And-substate
4

J

Runnin
Or-substate &

o Qﬁ[ForwardW (Backward}H@ -
5 .

And-substate

2N

/ Running

4 A ( A

& — Forward Backward

- J - J

e
kaLow spee(; iHigh speedj O /

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.




History Indicator

e 1s used to memorize internal state
* Support roll-back

« [f a transition to the indicator fires, the object
resumes the state 1t had last within that region

e Shown as a circle with an H

G

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.




Sequence Diagram

* Sequence diagrams 1llustrate how objects
interact with each other.

* They focus on message sequences, that 1s, how
messages are sent and received between a
number of objects.

* Sequence diagrams have two axes: the vertical
ax1s shows time and the horizontal axis shows a
set of objects.

* The instance form describes a specific scenario
in detail

* The generic form describes all possible
alternatives 1n a scenario, therefore branches,
conditions, and loops may be included.:

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



The Concepts used In a sequence diagram

Print( ps-file)

: Printer
Server

/ : Computer

Simple message

Activatio/

Synchronous
message

Print( ps-file)

: Printer

[no queue] \

Print( ps-file)

S

Lifeline

Object

Guard

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Sequence diagram with Branch

Print( ps-file)

: Printer
Server

: Computer

Print( ps-file)

[no queue]

: Printer

<int( ps-file)

. Queue

[printer
busy]

\ 4

Store( Tile)

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.




Timing Constraint

Print( ps-file)

: Printer : Printer
Server

: Computer

Print( ps-file)

{b-a<5sec} a

Print( ps-file)

{b’-b<1sec} b
N \

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Iteration

opl ()

C1:C D1:D D2:D

send message op2 ()
op2 until ...

op3 ()

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Creating Object

NewCustomer(Data)

: CustomerWindow

Customer (Data)

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Destroying Object

RemoveCustomer()

: CustomerWindow D1:D

DeleteCustomer ()

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Communication Diagram

e Communication diagrams focus on the interaction and
the links between a set of collaborating objects. The
sequence diagram focuses on time but the
communication diagram focuses on space.



An example of a communication diagram

Print(ps-file)

:Computer )@\

l 1: Print(ps-file)

:PrinterServer :Printer

»
»

[printer free] 1.1: Print(ps-file)

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Message Label

predecessor guard-condition sequence-expression return-value := signature

sequence-number , ... /

The predecessor is an expression for synchronization of threads or paths,
meaning that the messages connected to specified sequence-number must
be performed and handled before the current message is sent.

— | integer | name | [ recurrence]
- integer a sequence-number specifying the message order 1.2.1
- name concurrent thread of control  1.2a 1.2b
- recurrence * [ iteration-clause] [ condition-clause]
a conditional or iterative exrcution

1: display()
[mode = display] 1.2.3.7: redraw()
2 * [n:=1l..z]: prime:=nextPrim(prim)
3.1 [x<0] : foo()
3.2 [x=>0] : bar()
1.1a, 1.1b/ 1.2: continue()

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Iteration in a communication diagram

CalcPrim (n)

:Calculator

l 1 *k[z=1..n]: prim:=nextPrim(prim)

:Prim module

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



1.1: 2 ()
1.2: 3 ()

S —

Exercise

1.1.1: f4()
1.1.2: 15()

S —

: C4

P 11.21:16()

:C3

| LLLEfTO

:CS
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Activity Diagram

* An activity diagram 1s essentially a flowchart,
showing flow of control from activity to
activity



Actions and Transitions

CustomerWindow.PrintAllCustomer()

( Show
® messageBox Create postscript
L “Printing” on file
screen

MessageBox file to printer

@ L Remove Send postscript

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Transition with send-clause

CustomerWindow.PrintAllCustomer()

( Show
® messageBox Create postscript
L “Printing” on file
screen

® [ Printer.Print(file)

Remove
L MessageBox

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.



Transitions are protected by
suarded-conditions

Show
messageBox
[disk full] “Disk full” on

Screen

CustomerWindow.PrintAllCustomer()

Show
o messageBox
“Printingl” on

Screen

w APrinter.Print(file) _
Remove Create postscript

MessageBox J file

H.E. Eriksson and M. Penker,fUMiicivolkit?John Wiley & Sons, Inc.



Parallel Actions

Sampler.Run(channel,frequency) (
() Initiate }
[ Updating }[ }
. Measuring
display

-

H.E. Eriksson and M. Penker,fUMiicivolkit?John Wiley & Sons, Inc.



Displayer

|

Updating
display

Swim lanes

Sampler

T Sampler.Run(channel,frequency)

[ Initiate }

l

[ Measuring }

\

H.E. Eriksson and

l

M. Penker,/SfUM L Toolkit” John Wiley & Sons, Inc.



Object Flow

Displayer Sampler

T Sampler.Run(channel,frequency)

e
¢
/ /

Updating Measured ( M .
easuring
display value L

H.E. Eriksson and M. Penker,fUMiicivolkit?John Wiley & Sons, Inc.



Sending/receiving signals

Sampler.Run(channel,frequency) T
Show
MessageBox
aPrinter: Printer “Printing” on
screen

) Create postscript
Print fil
) ile
Print(ﬁle)< Print file
Remove
MessageBox

®

H.E. Eriksson and M. Penker, “UML Toolkit” John Wiley & Sons, Inc.




