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Quiz time

Identify the problems of the
following Use Case Diagram
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The activity final node of an UML2 activity diagram
(which are true and which are false)?

1. ... makes, once reached, the execution of other
activities within the graph impossible.
2. ... can only be modeled once in each model.

3. ... terminates all activities within the graph.
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Object nodes in a UML2 activity diagram ...
1. ... can be the input to or the output of an action.

2. ... may be constrained to be in a specific state.
3. ... contain data token.
4. ... have no outgoing edges.
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Statec h a rtS (aka state machines, state diagrams, ...)

% Pavid Harel

Science of Computer Programming 8 (1987) 231-274
North-Holland

STATECHARTS: A VISUAL FORMALISM FOR
COMPLEX SYSTEMS*

David HAREL
Department of Applied Mathematics, The Weizmann Institute of Science, Rehovot, Israel

Communicated by A. Pnueli
Received December 1984
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Abstract. We present a broad extension of the conventional formalism of state machines and
state diagrams, that is relevant to the specification and design of complex discrete-event systems,
such as multi-computer real-time systems, communication protocols and digital control units. Our
diagrams, which we call statecharts, extend conventional state-transition diagrams with essentially
three elements, dealing, respectively, with the notions of hierarchy, concurrency and communica-
tion. These transform the language of state diagrams into a highly structured and economical
description language. Statecharts are thus compact and expressive—small diagrams can express
complex behavior—as well as compositional and modular. When coupled with the capabilities
of computerized graphics, statecharts enable viewing the description at different levels of detail,
and make even very large specifications manageable and comprehensible. In fact, we intend to
demonstrate here that statecharts counter many of the objections raised against conventional state
diagrams, and thus appear to render specification by diagrams an attractive and plausible approach.
Statecharts can be used either as a stand-alone behavioral description or as part of a more general
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State Charts and their role in OO design
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A state diagram models the dynamic behavior
of a reactive object

e Goal:to model behavior (dynamic)

e Use for modelling objects (or systems) with complex
behavior (that would otherwise be hard to
understand)

e Use when the control is deeply influenced by
external events

e Don’t use when several objects are involved
o Interaction diagrams are more adequate, in that

scenario
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Key elements in state machine diagrams

e State
o A condition or situation during the life cycle of an object during
which it satisfies some condition, performs some activity, or
waits for some event
e Event
o The specification of a noteworthy occurrence that has location
in time and space
e Transition
o The movement from a state to another in response to an event

FACULDADE DE
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A reactive object provides context for a state
machine

e Responds to external events

e May generate and respond to internal events

e Has alife cycle modelled as a progression of states,
transitions, and events

e May have current behavior that depends on past
behavior

FACULDADE DE
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State machines model the behavior of
classifiers, such as

e C(Classes

e Use cases

e Subsystems
e Entiresystems

FACULDADE DE

CIENCIAS E TECNOLOGIA
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Behavioral state machines specify behavior of
the context classifier

e States, transitions and events define the behavior of a

context classifier
e Behavioral state machines can only model classifiers

with behavior
o Interfaces and ports have no behavior - they just
define a usage protocol

FACULDADE DE
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Protocol state machines specify the protocol of
the context classifier

e Conditions under which operations may be called on
the classifier and its instances

e Theresults of the operation calls

e Theordering of the operation calls

FACULDADE DE
CIENCIAS E TECNOLOGIA 13
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Behavioral vs protocol state machines

Behavioral state machines Protocol state machines
e Specify the implementation e Do not specify the
of a behavior implementation of this
behavior
e Can be used to specify the e Can beused tospecify the
behavior of classifiers with protocol for all classifier,
implementation including those without
implementation
e States can specify one or e States can'’t specify actions
more actions that execute e Denoted by the keyword
when the state is entered {protocol} after the state

machine name

FACULDADE DE
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State machines are defined during design

e State machines are usually defined during the design
workflow

e Create astate machine to understand a complex life
cycle or behavior
o Ifitistoosimple, it may not pay off to do so

e Particularly useful in real-time, embedded systems,
where objects may have complex behavior and life
cycles

FACULDADE DE
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State machine diagrams

state = Off

Light bulb {protocol} ) event
-

~  turnOn
Off J( )( On J
A

/ turnOff

|
burnOut

state transition

Off

FACULDADE DE
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State is a semantically significant condition of
an object

e A condition or situation during
the life cycle of an object during
which: entry and exit

o It satisfies some condition, actions

state name

/ EnteringPassword \

entry/ display password dialog

exit/ validate password

r‘-\r—*""\r—'k—'\r—H

o Performs some activity, nternal keypress/ echo “*”
o or waits for some event transitions help/ display help
e The state consists of g‘éﬁ&‘;‘ @ get password | /
Name
Actions, or activities action syntax: eventName/ someAction

Internal transitions activity syntax: do/ someActivity

Sub-states
Deferred events (to delay the
answer to certain events)

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 17
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Actions are instantaneous and uninterruptible

« Eachactionin astateis associated
with an internal transition triggered  state name / EnteringPassword \

by an event
o Inthis example, two special
actions, entry and exit are

entry and exit entry/ display password dialog

actions exit/ validate password

r‘-\r-—*'—'\r—k—\r—H

modelled internal keypress/ echo “*”
m Theentryeventoccurs RrSei help/ display help
immediately after entering :;ﬁ\r/?;' @ get password | /
a state and causes the event
action to execute action syntax: eventName/ someAction

. . activty syntax: do/ someActivit
m Theexiteventisthelast ysy y

thing that happens on
exiting the state and causes
the associated event action
to execute

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 18
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Internal transitions capture that some
transition within the same state has happened

/ EnteringPassword \

entry/ display password dialog

o Eachinternal transition captures
an event which is noteworthy but
does not cause a state transition .

entry and exit
o Inthis example,itisrelevant actions

state name

exit/ validate password

rL\r—*""\f—"L—-\r—H

to know that a key was internal keypress/ echo “*”

pressed, or that help is being transitions help/ display help

displayed, but none of those :;;flfl‘;' @ get password | /
cause leaving the state

EnteringPassword action syntax: eventName/ someAction

activity syntax: do/ someActivity

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 19
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Actions are instantaneous and uninterruptible

e Each activity takes a finite time to
execute and is interruptible by an state name { / EnteringPassword \
cvent : / displ d dial

e The keyword do indicates an activity Zgggni”d ex't{ enj"y '.Sp ay password dialog

e Unlike actions, activities can be exit validate passwond
interrupted before they finish internal { keypress/ echo ™"
processing Iransitions help/ display help

Ecttei\r/r;];l { @ get password | /

action syntax: eventName/ someAction
activty syntax: do/ someActivity

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 20
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Transitions show movement between states

e Relationship between two states, indicating that an object in the
source state will execute certain actions and transition to a target
state, when a given set of events occur and certain conditions are met

e Example:
On (event1 or event2), if (quardCondition) then perform anAction and enter state B.

Behavioral state machine )

[ ) event1, event2 [guardCondition]/ anAction )[ J
A B

|

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informética
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A transition occurs when

e Anobjectisinits source state
e Aneventoccurs
e |f aguard conditionis true
o Anaction is executed
o Theobject changes to the target state

15 - State Diagrams

Behavioral state machine )

)

[ ) event1, event2 [guardCondition]/ anAction
A

L=

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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22



MDS 2018/19 © Departamento de Informatica, FCT/UNL 15 - State Diagrams

Transitions have three optional elements

e /eroor moreevents
o These specify external or internal occurrences that can
trigger the transition
e Zeroorone guard condition
o Thisis a boolean expression that must evaluate to true
before the transition can occur
e /eroor more actions
o Thisis a piece of work associated with the transition and
occurs when the transition fires

Behavioral state machine J

event1, eveni2 [guardCondition]/ anAction

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 23
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Transitions In state protocols have a slightly
different syntax

e Thereisno action, as we are specifying a protocol rather than an
implementation
e Theguard conditionis replaced by pre and post conditions
o Notice how the precondition is placed before the slash
while the postcondition is placed after the slash

Protocol state machine {protocol} )

[ ) [precondition] event1, event2/ [postconditio n])[ }
C D

)

FACULDADE DE

CIENCIAS E TECNOLOGIA
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What if the transition has no event?

e Both in behavioral and protocol state machines, if a
transition has no event it is an automatic transition
e Automatic transitions
o do not wait for an event
o fire when their guard conditions or preconditions
are true

FACULDADE DE

CIENCIAS E TECNOLOGIA

UNIVERSIDADE NOVA DE LISBOA 2 5
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Junction pseudo-states join or branch
transitions

e Junction pseudo-states represent points where transitions
merge or branch

e They may have one or more input transitions and one or more
output transitions

Loan J ‘ simple merge junction

\2 /

returnBook
[ OnlLoan } > >{ Terminated

[after maximumDuration] payFine

N4

| returnBook _ .
Overdue ] 4| FineDue

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 26
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Protect junction pseudo-states with mutually
exclusive guard conditions

e Note how the junction pseudo-state has two inputs and two

mutually exclusive guards, [extend] and [!extend]
e Note also the junction pseudo-state before the OnLoan state

| Loan J

[extend]

returnBook
| > S Terminated

J ///\ [lextend] “L
junction with

ayFin
merge and branch payrine

[ OnlLoan

[after maximumDuration]

N/
returnBook
[ Overdue } >{ FineDue ]

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 27
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The choice pseudo-state directs the flow through
the state machine according to guard conditions

BankLoan )

choice pseudo-state

[payment > bm

[payment < balance]

Y

[payment = balance]

\

y

[ OverPaid

] makeRefund

| >{ FullyPaid ] [PartianyPaid J—— SeS PRSI St

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica
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BankLoan object transitions to one of three states

BankLoan )

choice pseudo-state

[payment > bm

[payment < balance]

Y

[payment = balance]

\

y

[ OverPaid

] makeRefund

| >{ FullyPaid ] [PartianyPaid J—— SeS PRSI St

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica
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The choice pseudo-state guard conditions are
mutually exclusive, so that only one transition is fired

BankLoan )

choice pseudo-state

[payment > bm

[payment = balance]

v WV
] makeRefund

[ OverPaid ) >{ FullyPaid ] [PartianyPaid J—— acceptPayment

[payment < balance]

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 30
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Junction points can also help tidying up you
diagram, to increase its understandability

Without the junction With the junction
e1[g1 and 93] 200 88 g o4 2[92 and g9] e1[g1]

FACULDADE DE
CIENCIAS E TECNOLOGIA
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Events trigger transitions

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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turnOn

N

event

(

On
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The same event (e.g. checkmate), when on
different states, may lead to different outcomes

Start . »{ White’s 1 ghecies ,@Black wins
turn J

W‘

A

black white

moves moves| Draw

\4 V’
Black’s W
{ turn J .@White wins

checkmate

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA 33
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There are four kinds of events

Call events
Signal events
Change events
Time events

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
Departamento de Informatica
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A call event is a request for a specific operation
to be invoked on an instance of the context class

SimpleBankAccount )

internal call event

\

' N close()
InCredit /

\ 5 7
svrarral aall sverit deposit(m)/ balance = balance + nL
' condition

withdraw(m) withdraw(m) /

[balance < m] [balance >= m]
( RejectingWithdrawal ) ( AcceptingWithdrawal
Lentry/ IogRejectedWithdrawaI()J Lentry/ balance = balance - m J

£

entry action

FACULDADE DE

CIENCIAS E TECNOLOGIA 35
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Call events

e A call event should have the same signature as an
operation of the context class of the state machine
o This applies to internal and external call operations

e Receiving a call operation triggers the operation to

execute
e You can specify a sequence of actions, separated by “;’,

for acall event
o these specify the semantics of the operation and
can use attributes and operations of the context

class and may have a return type - the call event has
a value of the same return type

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
Departamento de Informatica
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A signal event is a one-way asynchronous
communication between objects

e Asignal eventis a package of information sent
asynchronously between objects

o ltusually does not have operations, as its purpose
Is to carry information

«signal»
RejectedWithdrawal

date : Date
accountNumber : String
requestedAmount : double
availableBalance : double

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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SimpleBankAccount sends a sighal when
withdrawal is rejected

SimpleBankAccount )

\( InCredit

™ close()

V4

/Ldeposit(m)/ balance = balance + m

J

withdraw(m)
[balance < m]

\

/

withdraw(m)
[balance >= m]

( RejectingWithdrawal )

( AcceptingWithdrawal

Lentry/ IogRejectedWithdrawal()J

Lentry/ balance = balance - m J

/ signal send

/

RejectedWithdrawal

®

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica
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A signal receipt accepts the signal as a
parameter and leads to a new state

signal receipt

A\

> processRejectedWithdrawal( a : RejectedWithdrawal )

——9( Calling customer J

context: Bank class

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica
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Change events occur when a Boolean
expression changes value from false to true

SimpleBankAccount )

A change event
implies continuously

i )
testing the Boolean ( i close()
condition while in deposit(m)/ balance = balance + m [<
state. Boolean — \D8laNce >= 5000/ natityManager()

expression
withdraw(m) withdraw(m)
Chan ge events are [balance < m] [balance >= m]
positive-edge r —
tri d-th RejectingWithdrawal 1 ( AcceptingWithdrawal
riggered - they are entry/ logRejectedWithdrawal() J Lentry/ balance = balance - m J

triggered whenever \
the condition V
changes from false
to true. RejectedWithdrawal

FACULDADE DE
CIENCIAS E TECNOLOGIA 40
UNIVERSIDADE NOVA DE LISBOA
Departamento de Informética
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Time events occur in response to time

Time events are usually indicated

with the keywords when, or after.
when specifies a particular time in \:
which the event is triggered. -

[e.g. when (date = 2018/12/07)] { Overdrawn ]

after specifies a threshold time after
which the event is triggered.
[e.g. after (3 months)] [

after( 3 months )
Y

Frozen ]

context: CreditAccount class

FACULDADE DE

CIENCIAS E TECNOLOGIA

UNIVERSIDADE NOVA DE LISBOA 4 1
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Quiz time

42
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How do we express in OCL that
“the owner of a car must be older
than 18?

IIIIIIIIEH%H%HIIIIIIII

< enumeration>>
name:String _ . Colour
age:int : . Vehicle O

<Lquery> celon Caloun black() :Colour

getName () :String white() :Colour
birthday () red() :Colour
setAge(newAge:int) :int

43
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How do we express in OCL that the
owner of a car must be older than 18?

|IIIIIII|HHHHHHIIIIIIII

< enumeration >
name:String , : Colour
Pl [

query.> i o

white() :Colour

getName () :String

birthday () red() :Colour
setAge(newAge:int) :int

context Vehicle
inv: self.owner.age >= 18

..but this way all persons are over 18, how about a child
having a bike?

44
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How do we express in OCL that the
owner of a car must be older than 18?

|IIIIIII|HHHHHHIIIIIIII

< enumeration >
name:String , : Colour
Pl [

query.> i o

white() :Colour

getName () :String

birthday () red() :Colour
setAge(newAge:int) :int

context Person
inv: self.age < 18 implies
self.fleet->forAll( v | not v.isKindOf(car))

45
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How do we express in OCL that there
must be ared car?

|IIIIIII|HHHHHHIIIIIIII

< enumeration >
name:String , : Colour
Pl [

query.> i o

white() :Colour

getName () :String
birthday () red() :Colour
setAge(newAge:int) :int

46
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How do we express in OCL that there
must be ared car?

|IIIIIII|HHHHHHIIIIIIII
< enumeration >
name:String , Colour
i I
.

query.> i o

white() :Colour

getName () :String

birthday () red() :Colour
setAge(newAge:int) :int

context Car
inv: Car.allinstances()->
exists( c | c.colour = Colour::red )

47
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How to express in OCL that the result of calling
the method birthday increases the age by 1 ?

|IIIIIII|HHHHHHIIIIIIII

< enumeration >
name:String , : Colour
Pl [

query.> i o

white() :Colour

getName () :String
birthday () red() :Colour
setAge(newAge:int) :int

48
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How to express in OCL that the result of calling
the method birthday increases the age by 1 ?

|IIIIIII|HHHHHHIIIIIIII
< enumeration >
name:String , Colour
i I
.

query.> i o

white() :Colour

getName () :String

birthday () red() :Colour
setAge(newAge:int) :int

context Person::birthday()
post: self.age = self.age@pre + 1

49
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Composite states
Dealing with model complexity

50
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Initial and process are substates of On
Initial and Process “inherit” the switchOff

On

( Initaal ]
switchOn /VL J
Off

| l switchOff Go

Y

( Process ]
& L J .
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Composite states contain one or more nested
submachines

e Each submachine exists in its own region within the
composite state

/ A composite state \

r N
region 1< A H B ~—submachine 1
e | e ————————————————— SRS AE RS Z
region 2 < c | >@) | { submachine 2
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Regions are independent, concurrent parts of a
composite state - they are activated synchronously

7~

Taking Class )
~ ™M
Incomplete

. l Lap}il lab done Lab2 lab (l()ll‘)@

‘__) | Project I project done
*—

——————— ——————————————————————— ————

®

[ Final Test |  pass

& J

. J

fail | Failed I
L L 1

®
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Entering and exiting composite states

15 - State Diagrams

Taking Class

\.

Incomplete

laby done lab done O

Taking Class

Incomplete

Labl

lab done ‘l Lab2 l

project done

lab donke

Project

o«

Final Test

l NASS

Passed

| Failed |

fail »| Failed ] \ fiail > il
To enter in a composed state, you This is an equivalent alternative to
need to have an initial substate in representing this model, using
each region pseudo-states “fork” and “join”.
0L s 4
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Nested substates inherit all of the transitions of
their containing superstates

e If the composite state has a transition, each of its
nested states also has this transition

/ Another composite state \

terminate
pseudo-state

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

T
S
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The final pseudo-state of a submachine only
applies within that region

e |[f the first submachine reaches its final state first, that region will
terminate, but the second region will continue to execute

e [ncontrast, when the terminate pseudo-state of the second regionis
reached, the whole composite state stops

/ Another composite state \

D E XS

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

terminate
pseudo-state
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Nested states can also be composite states

e This mechanism should be used with parsimony

o When possible keep nesting to two or three levels

m Beyond that, the state machine tends to become hard
to read and understand
e To keep the state machine simple, you may hide the details of a
composite state
o Use the composition icon to denote that a given stateis a
composite state

( A
A composite state

I

\ N/

N\

Fc t FACULDADE DE .t. '
CNIERSIDADE NOVA O (5508 composition icon 57
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Simple vs orthogonal composite spaces

e Simple composite state
o Oneregiononly

e Orthogonal composite state
o Two or more regions
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Simple composite states contain a single
nested state machine

ISPDialer )

/ DialingISP \

entry/ offHook

dial , e
dialtone Dialing e ,
: P{WaiﬁngForDiaHonw [ ] \( ] > WaltlngForCamerJ

°) “\dor diansp| ~

T I _ )
Sgggdo-state after(20 seconds)/ noDialtone after(20 seconds)/ noCarrier |[carrier]
<
o~
\_ v
notConnected , connected
cancel exit pseudo-state
A 4
( NotConnected Connected \
L entry/ onHook ) exit/ onHook
kdo/ useConnection
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Orthogonal composite states contain two or more
nested state machines that execute concurrently

e \When you enter an orthogonal composite state, all its
submachines start at once (this is an implicit fork)
e You canexit an orthogonal composite state
o When all its submachines finish (this is an implicit join)
o When one of its submachines transitions to a state
outside the supermachine, usually via an exit
pseudo-state
m Thisdoes not cause ajoin - no synchronization
among submachines

m [heremaining submachines simply abort

60
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Orthogonal composite state example

BurglarAlarmSystem )

deactivate

SystemActive \

Y

‘-%{Systemlnactive D)
activate

off

fire
[SoundinglntruderAlarm }——-)[SoundingFireAlarm]

after(15

intruder

mins)

fire

Monitoring

sensorError

initializing
[ o

off

HandlingError
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between submachines

FACULDADE DE

Initializing composite state details J

B A SO,

»
InitializingFireSensors ]

Cé)

do/ initializeFireSensor

---------------------------------------------------------------

InitializingSecuritySensors

I
) 4

\ @

" >L do/ initializeSecuritySensor
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Monitoring composite state - no
synchronization between the two submachines

Monitoring composite state details )

/ Monitoring \

MonitoringFireSensors ]

fire

do/ monitorFireSensor J

---------------------------------------------------------------

MonitoringSecuritySensors ] intruder
do/ monitorSecuritySensor J jg)
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A submachine state references another state
machine (recorded in a separate diagram)

e Semantically equivalent to a composite state

e Submachine states are used to simplify complex state
machines

e Submachine states provide a reuse mechanism

e Syntax:

state name: name of referenced state machine diagram
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Consider this machine state

VerifyingUser )
/ Loggingin \
4 7\ | cancel
getDetails GettingDetails >® cancelled
() >1{ do/ getUsername
\do/ getPassword y >® veriied
Y
~N |[badUsername]
P >(X) badUsername
verifyDetails ( Verifying
(>— do/ getUsername [badPassword]
Co/ getPassword )/ >® badPassword
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Now, we can reuse the VerifyingUser submachine
state

CheckingOut ) submachine state

/

- verifyingCustomer : VerifyingUsh

cancelled

cancelled
CancellingCheckout }%@

\ verificationFailed
DisplayingError

badUsername

badPassword

y [ok] L succeeded

verified AcceptingPayment

getDetails verifyDetails [10K] paymentFailed

[noDetails] [details]

checkOut
CH AssessCustomer }
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It is as if the contents of the submachine state are
replaced by VerifyingUser

CheckingOut ) submachine state

/

- verifyingCustomer : VerifyingUsh

cancelled

cancelled
CancellingCheckout }%@

\ verificationFailed
DisplayingError

badUsername

badPassword

y [ok] L succeeded

verified AcceptingPayment

S

getDetails verifyDetails

[1oK] paymentFailed

[noDetails] [details]

checkOut
(H AssessCustomer }
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You can use attribute values to communicate
asynchronously between concurrent submachines

4 OrderProcessing )

> =
kdo/ acceptPayment ) kentry/ paidFor = true

S

-------------------------------------------------------------------------------------

( AssemblingOrder W[paidFor] ( DeliveringOrder
—~—

—
Ldo/ assembleOrder J k

N J

=
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You can also use Synch state synchronization points to
synchronize different regions (in combination with fork and join)

Taking Class

{7 I

Incomplete
. | Lab1 | lab done | Lab2 | lab done

Project project (|o11£©

Final Test ] pass
O G @

fail Failed

®

Passed

I

i
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Shallow history remembers the last substate you were
in at the same level as the shallow history pseudo-state

Taking Class
% N
Incomplete

. ‘ Lab1l l lab done lab done O

Project I’on
9© )l Passed |

mal Test _

. /

resume fail | Failed
outbreak of war
| Army was killed @
\ J J
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Shallow history remembers the last substate you were
in at the same level as the shallow history pseudo-state

BrowseCatalog )

/ Browsing \

. goToBasket . .
return | exit [ Displayingltem ] \( DisplayingBasket
| L )
goTolndex selectProduct goToCheckout Relbotalzion
; ; ToCheckout
/ DisplayingIndex \ goothec OU>L( CheckingOut ]
[ W
‘——>[ Alphabetical ]
[ N goToCatalog
browselndex< N byCategory alphabetical
§ ByCategory } /

shallow hlstory pseudo-state
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Deep history remembers the last substate you were in at the
same level, or lower, than the deep history pseudo-state

BrowseCatalog )

Browsing

. ToBasket ; ;
return | exit [ Displayingltem ] 90 00aske ,{ DisplayingBasket ]

goToCheckout goToCatalog

goTolndex  selectProduct

/
/ Displayingindex \ goTouhockatt, CheckingOut J
" D—D
G—){ Alphabetical

|
browseindex byCategory alphabetical
C \V4 |

deep history
pseudo-state

goToCatalog

N
\4

ByCategory
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Examples
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._

sm History /

/

Washing ] [ Rinsing ] [ Spinning

A

¥

Running

\

/

restore power
|

power cut

Power Off

FC
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Drink vending machine

ins i / lance
¥ coins infamount) / set bala )( Collecting money
Idle )e - \coins in(amount) / add to balance
+ cancel / refund coins ' *

[item empty] select(item) [change<0])

Y

do: test item and compute cha@

[change=0] l[change>0]

/:io: dispense item / do: make change )
)‘ %
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H is called a shallow history state

e |tremembersand
restores the previously
active state at the same
nesting depth

e AssumingthatGis
active and event e5
occurs, the next state
might be B, C,or F
(depending on which
was active before)

e ThenextstateisnotD,
or E, even if they were
previously active,
because H does not
remember it.
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eS\ e3
o el
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H" is called deep history state

e H*remembers and & A E:
restores the previously - o W
active state at any P B — :
deptr o ® |- (0] E}—e

e AssumingthatEis ] /L—/
active and event el P
occurs, G is the next > = ) o
active state @ i e

e Ifnowe3occurs,Cand - )
more concretely E eS\ e3
becomes the next G 51

active state
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H is called a shallow history state

e |tremembersand
restores the previously
active state at the same
nesting depth

e AssumingthatGis
active and event e5
occurs, the next state
might be B, C,or F
(depending on which
was active before)

e ThenextstateisnotD,
or E, even if they were
previously active,
because H does not
remember it.
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s

P )=

o)

\.
/
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If you practice enough, you will

move from a newbie to an expert
state...

FCt
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Which of the following statements about
figures (1) and (2) are true?

e Thetwoimages are not (1) (2)
equivalent £ B S &N

e Thetwoimagesare N N—— S
equivalent el xx+

e Internal transitions - /I'\ /N =
behave like normal T S

transitions, except that
they do not cause a
change of state
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Which of the following statements about
figures (1) and (2) are true?

e Thetwoimages are not (1) (2)
equivalent £ B S &N

e Thetwoimagesare N N—— S
equivalent e/ x++

e Internal transitions - /I'\ /N j
behave like normal T S

transitions, except that
they do not cause a
change of state
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The two images are not equivalent

e Inimage (1) the entry-activity (1) (2)
Is executed every time e g = 2 3
occurs 1
o (after x++ is executed and [ entry/x=0 ekt S B
the state is entered again) L o P
e Inimage (2) the entry-activity A

is only executed once
e [x++
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Which of the following statements about
figures (1) and (2) are true?

e Thetwoimages are not (1) (2)
equivalent L h % S &N

e Thetwoimagesare N F— S
equivalent | e/ x++

e Internal transitions - ,1'\ <N j
behave like normal T S

transitions, except that
they do not cause a
change of state

% FACULDADE DE
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The two images are equivalent

e No, they are not equivalent! (1) (2)
e Inimage (1) the entry-activity P =
is executed every time e 1

\

o (after x++is executed and i

the state is entered again)

e Inimage (2) the entry-activity
is only executed once

OCCuUrs —Ctry / x=0 entry / x=0

e lx++

86
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Which of the following statements about
figures (1) and (2) are true?

e Thetwoimages are not (1) (2)
equivalent L h % S &N

e Thetwoimagesare N F— S
equivalent | e/ x++

e Internal transitions - 4‘\ <N =
behave like normal T S

transitions, except that
they do not cause a
change of state
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Internal transitions behave like normal transitions
except that they do not cause a change of state.

This is correct (1) (2)
Note how the transition :

A A
triggered by event e does not \ i \
change the state from A to — entry / x=0 e';tfv I x=0

e ++
some other state \ / \ ’ /
Note also how the x value ,’[\ | |

update is exactly the same
(x++) in both diagrams

e /x++
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What is the value of x after the occurrence of
the event chainei1e2e2e2?

B
entry / x++
[ A \ e2 [jjyf:';,.;?' e/ x=x:2
fows EI X++
@ — entry/x=2 M
C“ / X=X*2j a2 e2 [x=5]
exit / x—
\/
24
e2 [x=4] c
Lentry / Xx=x+3
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Create a state chart to figure it out! Start on the
start node.

event state comment X (B )
entry / x++
start (A ) 2x<dlit >t etfx=x2
o e3/x++ |
—s4 entry / x=2 A
e1/x=x'2 e2 e2 [x>5]
exit/ x— :
\ / \ \'- /
&2 [x24] N

entry / x=x+3
o iy ,J

Event chain: el e2e2e2
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You immediately enter state A, where x
receives 2 as its new value

event state comment X
entry / x++
start e2 [x<4] Ix++ 3 e1 ] x=x2
el / x++
A entry of A 2
e2 [x>3]

\ entry / x=x+3 I

entry / x =2

Event chain: el e2e2e2
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Now, event e1 occurs. As you can see, this is an
internal event, so we remain in state A

event state comment X o B
entry / x++
start (A ) 2kl et fxex2

eld/x++ )

—s entry / x=2 -
- /\\
A entry of A |2 ':l Ixoc2 lt. &2 €2 [>5]
, & LV
el A x=x*2 in A |4 2 g

c |

entry / x=x+3
\.t'y ,J

el/x=x*2

Event chain: el e2e2e2
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Now, event e2 occurs. Evaluate the guard
condition and choose which transition occurs.

event state comment X AREE B
entry / x++
start G, 2 =4 /xf:_,,.:-fl e/ x=x2 ‘
. \e3/ X++ |
—s4 entry / x=2 M\
A entry of A 2 e1/x=x"2 h_ &2 &2 [x>5]

Qexitlx-— ) > r
=x* i 2 [x=4 -~ €
el A x=x*2 in A 4 AT s |

entry / x=x+3
s dining,

e2
e2 [x >= 4]

Eventchain: ¢ e2e2e2
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Compose the exit action with any actions in the
transition (in this case, none).

event state comment X ( B )
entry / x++
start (A ) 2x<dlit >t etfx=x2
—— .___,-.-—-""' e3/x++ |
—s4 entry / x=2 N
A entry of A2 et /x=x2 | 2| |e2pes
—v k 1 e2 [x=4
el A X=X*2 1n A 4 [x=4] 3( = |
) ! x=x+3
e2 exit of A 3 \emry . X+J
e2 [x >= 4]
exit / x--

Eventchain: ¢ e2e2e2
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And now, compose the entry action of state C

event state comment X
start

A entry of A 2

el A X=x*2 in A 4

e2 exit of A 3

C entry of C 6

Event chain:

FACULDADE DE
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entry / x++
el x=x2

e2 [x<4] Ix++ =
‘/_\A [x<4] L

it e3/ x++
@ — entry/x=2 M
Bllx=x2 e2 &2 [x>5]
S \\\\\\\\\\\ \W/
A/
' e2 [x24] \
L( C
hentry / x=x+3 ll
e2 [x >=4]
exit / x--

entry / x=x+3

e2e2e2
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When event e2 occurs, transition to state B and
execute the entry action

event state comment X (o8
Fentry / x+
start ‘m e2 [x<4] /x+:_g___’.7$
T '___---—-""-- Ke:’»/ X++ )
—s4 entry / x=2 M
A entry of A 2 s —~ e
\exitlx- /. \ v/
el A X=x*2 in A 4 e2bed] N\ ¢ ' |
e2 exit of A 3 \emry,x:x"sj
C entry of C 6
e2
e2 B entry of B 7 entry / x++
Event chain: e2e2
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When event e2 occurs, transition to state B and
execute the entry action

event state
A

el A

e2
C

e2 B

e2 C

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informatica

comment X [ B8 )
entry / x++
start (A 2x<dlix++ =31 et/ x=x2 ‘
— .___,-.-—-""'- e3/x++ |
t 'F A y) '_“;.entrylx=2 I\
entry o e1/x=x'2 | 2| (T
ol \ 4
x=xX*2 in A 4 e2 [x24] 3( = |
exit of A 3 lf"try’x=x+3,|J
entry of C 6
e2 [x > 9]
entr‘y of B 7 entry/x=x+3
entry of C 10
Event chain: e2
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What is the value of x after the occurrence of
the event chaine1e2 e2 e2 ?

event state comment X (B
entry / x++
start (A ) 2l<alxt 3 etlx=x2 ‘
T f___,.--"'f- eld/ x++
._.‘_‘;‘entrylx=2
A entry of A 2 Pl I g
G .. v
el A X=x*2 in A 4 2t TXaE
e2 exit of A 3 fnw’x=x+?J
C entry of C 6
e2 B entry of B 7
e2 C entry of C
Event chain:

FACULDADE DE
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-~ Your turn... i

e

—‘. : . \ oA L

B
oW
-
—
[ ]



https://www.mentimeter.com/public/60c8220a4d79dd3181a6618efe1a392f
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In an orthogonal state, ...

e exactly one substate is active.
e itispossible that no substate is active.
e atleastonesubstatein eachregionis active.
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In an orthogonal state, ...

e Exactly one substate is active
o No.Why just one? They execute concurrently!
e Itispossible that no substate is active
o Nope. If no substate is active, then the orthogonal
state is not active either. And so, we are not in it.
e atleast one substate in eachregionis active
o There can be more, but at least one must be
active.
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Which of the following is true about SM
diagrams?

e Do-activities in states are atomic, they can't be
aborted by any event

e The final state in a state machine diagramis a
pseudostate

e Activities can be executed within states and during
transitions

e A transition can have an event trigger, a guard
condition and a state

e Eventstrigger states
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do-activities within states are atomic, they
can't be aborted by any event

e Thedo-activity starts as soon as the state is entered

e It continues until either the activity is completed or
the state is exited

e Aneventtriggering a transition that leaves the
current state aborts the do-activity.
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The final state in a state machine diagram is a
pseudostate

e The final state is a special kind of state signifying that
the enclosing region is completed.
e The final state is not a pseudostate.
o |t may be active for a period of time until all other
orthogonal regions of the composite state are
completed.
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during transitions

e Remember this example? There they are...
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SimpleBankAccount )

!

f

InCredit

™\

close()

tjeposit(m)/ balance = balance + m

J

withdraw(m)
[balance < m]

( RejectingWithdrawal )
tantry/ IogRejectedWithdrawal()J

withdraw(m)
[balance >= m]

( AcceptingWithdrawal

]

Lentry/ balance = balance - m J

signal send

RejectedWithdrawal >

®

15 - State Diagrams
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A transition can have an event trigger, a guard
condition and a state

e A transition can have
o aneventtrigger,
o aguard condition and
o anaction [ooopsy :-)]
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Events trigger states

e No,theydon’t
e Events trigger transitions
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Which of the following is true about SM
diagrams? (wrap-up)

e Do-activities in states are atomic, they can't be
aborted by any event

e The final state in a state machine diagramis a
pseudostate

e Activities can be executed within states and during
transitions

e A transition can have an event trigger, a guard
condition and a state

e Eventstrigger states

% FACULDADE DE
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When does the transition to state D take place?

-

C N

'

[ a

A a——

|

.> do / count

’Q(it [i++

A

= entry / a=0
j‘ do / print

Qxit [ a++

e Assoon as the final state in Cis reached, the guard conditiona>5is
evaluated. The transition to D only happens if a>5 is true at that exact

moment.

e Assoon as all activities within A are completed and the guard condition

a>5 evaluates to true.
e Assoon as the guard condition a>5 is evaluated to true.
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When does the transition to state D take place?

‘ c ~
N ==
. > do / count = entry / a=0 >® =

e e )

e Assoon as the final state in Cis reached, the guard condition a>5is
evaluated. The transition to D only happens if a>5 is true at that exact
moment.

e Assoon as all activities within A are completed and the guard condition
a>5 evaluates to true.

e Assoon as the guard condition a>5 is evaluated to true.
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Which of the following are true?

Idie_ | when(card slot is empty) Canceliation
entry / eject ATM card
do / show error message

insert ATM card

when(card invalid)

/  CardCheck  \

do / check card

when(card valid & brand chosen)

/ Vending \

Order N\
when({outstanding<=0)

exit / eject change;

— | entry / outstanding = outstanding - inserted

Qject cigarettes /

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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QI show outstanding

money

15 - State Diagrams
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Which of the following are true?

. . / \ 2 C Iati
If CardCheck is the active state and the \die ) when(card siotis empty) S T
o e . o try / eject ATM d
card is invalid, the machine changes by el
e il

into state Idle.

If the card is invalid, an error message is
shown and the ATM card is ejected.
After that a transition to Idle takes

insert ATM card

when(card invalid)

/~  CardCheck  \

[ |
!
IR Eocs when(card valid & brand chosen)

p I ace. Vendeg when(outstanding< =0)/ Order \
As soon as a customer has inserted an exit / eject change; | entry  outstanding = outstanding - inserted

g . o eject cigarettes Ql show outstanding
ATM card into the machine, the active

state changes from ldle to CardCheck.
If the card is valid and a cigarette brand
has been chosen, but the customer does
not insert any money, the card is
ejected and an error message is shown.

money

FACULDADE DE
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If CardCheck is the active state and the card is
invalid, the machine changes into state Idle

(" idle when(card slot is empty) Cancellation

e If CardCheckistheactive o -
state and the card is \/ e N

.

entry / eject ATM card

invalid, the machine . A
changes into state B

1 i / Order
Cancellation. AT I T, N
exit / eject change; — I ent;y/ outstar:ding = outstanding - inserted
eject cigarettes , do / show outstanding
money

FACULDADE DE
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If the card is invalid, an error message is shown and the ATM
card is ejected. After that a transition to Idle takes place.

This is not very accurate. Actually:

If CardCheck is the active state

and the card is invalid, the
machine changes into state
Cancellation.

On entering Cancellation, the
ATM card is ejected, then an
error message is displayed.
The transition to Idle happens
as soon as the ATM card was
taken from the machine (and
therefore the card slot is
empty).

FACULDADE DE
CIENCIAS E TECNOLOGIA
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[ Mdle \ when(card slot is empty) Cancellaion Y\

. = entry / eject ATM card
do / show error message
/ = L

insert ATM card

when(card invalid)

/ Vending

/ CardCheck \

| { check
do / check card ,Wrd valid & brand chosen)

Order

exit / eject change;
eject cigarettes

when{outstanding<=0)
I entry / outstanding = outstanding - insertej

bl show outstanding

money
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As soon as a customer has inserted an ATM card into the
machine, the active state changes from Idle to CardCheck.

e Sotrue...:-)

Idie )\ wien(card slot is empty) Cancellation
.—: < entry / eject ATM card
y do / show ermror message
A |

insert ATM card

/~  CardCheck /

when(card invalid)

do / check card

\ K /\ %card valid & brand chosen)
/

. Order N\
(" Vending "\ when(outstanding<=0)

| R . :
exit / eject change: - gzt;‘y 3:1 outst:tr;cti:;% - outstanding - inserted
eject cigarettes / g ing

L A

money

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

Departamento de Informética

116



MDS 2018/19 © Departamento de Informatica, FCT/UNL 15 - State Diagrams

If the card is valid and a cigarette brand has been chosen, but
the customer does not insert any money, the card is ejected
and an error message is shown.

e The model does not handle this /Tdie " when(card sitis empty) /_Cancellation ™\

.

entry / eject ATM card

problem. = ol ap————
/\__/ K. i
\ £

e Ifthecardisvalidanda insert ATM card
cigarette brand has been
chosen, but the customer does o ek eare ;%wa vai & brand chosen)

when(card invalid)

CardCheck \

not insert any money, Nothing  / vening when(outstanding<=0)/‘ Order
happens. oo | '@%Z&‘i‘&lﬂ’;ﬁig’”‘“"“"‘“‘-’""“"e"J
o Order stays the active | A
state. money
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After the occurrence of which event chain(s) is
state B the active state?

o e3e2elelde2
e3ede/e2
o ele2e3ede5
e6e5e4ded
o cle3ededeb

entry/ s=false
event 22 / s=true

exit /b=fals= |

&7 [o=null] /o=true

[a=true]

e2e5

e cle5e3e2el
ed e5

26 /b=true

D
 F @
2
26 [b=false] \‘3”"‘/" Fnu”_/?@
e7 [b=false] e2 fb=true
FAE H
A

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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22 /s=true

exit / b=false

23 [a=true] /o=fals=

event 1/ b=true
event &7 / a=true
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After the occurrence of which event chain(s) is
state B the active state?

entry/ a=false

entry / b=true - .
event 1/ b=false = i X
o e3e2ele3e? dmiabia? S ||
exit / b=false

e3ede/e2 S

e5

entry/ a=null %@
e6 [b=false] 25

e2

entry / a=false
event 4 / b=null

e7 [b=false] e2 /b=true

A A
@ event 1/ b=true
entry / a=false = C) e2 js=true EvenL el a-aue

a5 exit / b=false

event e4 / a=null

26 /b=true

23 [a=true] /o=fals=

i

=8 / b=true

State chain: K - E

entry / a=true
3/ a=null exit / b=null

24 e2

FACULDADE DE
CIENCIAS E TECNOLOGIA
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After the occurrence of which event chain(s) is

state B the active state?

e c3e2elelde2
e3ede/e2
e cle2e3ede5

e6e5e4d el

entry / b=true
event 21/ b=false

evente3 / b=nullj)

24 /b=fal=

la=true

© Departamento de Informatica, FCT/UNL

entry/ a=false

i[5 =

event 2 / a=true

exit /b=fals= |

[a=true]

&7 [o=null] /o=true

State Diagrams

e5

& N

entry / a=false

T

entry/ a=null

e2

event 1/ b=true

event e4 / b=null 26 [b=false] 5
\_ N
e7 [o=false] e2 /b=true
o H
.M o6 /b=true | eNtry / a=false ?’@ e2 /a=true
R

State chain: K - E - F - B

FACULDADE DE

CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA

FC

23 [a=true] /o=fals=

event &7 / a=true

exit / b=false
o

i

e4

e2

=8 / b=true
exit / b=null
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After the occurrence of which event chain(s) is
state B the active state?

entry / b=true H
event 1/ b=false la=true

evente3 / b=nullj)

entry/ a=false
event 22 / s=true [a=true]

o e3e2elel3e2 S
e3ede/e2 S E——

o ele2e3ede5 -
e6e5e4e3

26 [b=false] 5
N

e ele3ededeb
e7 [b=falsg] e2 /b=true
e2eb F .
- ‘ H
26 /b=tme | =Nty /e=false ?’@ Q 22 /s=true
| ™

State chain: K - E
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15 - State Diagrams

After the occurrence of which event chain(s) is
state B the active state?

o e3e2elel3e2
e3ede/e2
o ele2e3ede5
e6e5e4ded
o cle3ededeb

e2e5
o ele5e3e2el
ed e

State chain: State chain:

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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entry / b=true H
event e1 / b=false la=true

evente3 / b=nu||-/)

24 /b=fal=

entry/ a=false
event 2 / a=true

exit /b=fals= |

&7 [o=null] /o=true

[a=true]

26 /b=true

D
=5 - @ e2
26 [b=false] EHWVIFMH_/?G)
e7 [b=false] 2 /b=true
H
A .

K-I-B-C

22 /s=true

exit / b=false
o

23 [a=true] /o=fals=

event 1/ b=true
event &7 / a=true
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Time to make it on your own!

F t 123
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What is the value of x after the occurrence of
the event chaine2e3eie2e3?

B
entry / x++
[ A \ e2 [jjyf:';,.;?' e/ x=x:2
fows EI X++
@ — entry/x=2 M
C“ / X=X*2j a2 e2 [x=5]
exit / x—
\/
24
e2 [x=4] c
Lentry / Xx=x+3
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What is the value of x after the occurrence of
the event chaine2 e3 e1e2 e3 ?

event state

A
e2

B
e3 B
el B
e2 B
e3 B

FACULDADE DE
CIENCIAS E TECNOLOGIA
UNIVERSIDADE NOVA DE LISBOA
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comment X I
entry / x++
start (A ) 2x<dlit >t etfx=x2
. e e3/x++ |
entry of A 2 == entry / x=2 M
el |tl ;(=x*2 ~ e2 e2 [x>5]
exit of A 1 s h W
3 3 eh xz -
x++ (Transition) |2 =y C |
entry of B 3 \entry/x=x+3)
X++ in B 4
X = X:2 in B 2

nothing happens 2
X++ in B ’
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What is the value of x after the occurrence of
the event chaine2e3 e2e4 e5?

: N

entry / x++ 7 )
exit / x-- -
/ 5 \,e2 Ix=x*2 | -]
Ix=3 _ | — |7 | entry / x++
O —| @=tentry/x=x2 __3 \ )

- _ § -
\e)(lt | x=x+3 /

O e &'% y )
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What is the value of x after the occurrence of
the event chaine2e3 e2e4 e5?

event state comment X
A D tart 3
' star
entry / x++ e
. D
exit/x- /g ) e Ix-x’2 < I — A entry of A 4
=3 _ entry / x++
| .%entry/x—xz' ed [ x++ N A/B entry of B 2
\exntlx—x+3/
/ e6 e2 exit of B 5
(%) X =X * 2 10
\\ el /x-—- A/C
e3 A/B entry of B 5
e2 exit of B 8
X =X * 2 16
A/C
e4 X++ in C 17
e5 exit of A

D entry of D

FACULDADE DE
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What is the value of x after the occurrence of
the event chainei1e3e5e2?

- A B
entry / x++ / £ \

jx=2 | exit/x=x*2

®— \;entrylx=x*2 !
W e NP SN

® >| = | >
| K entry / x— exit /:(4—+/ fe e, ,
\ - /es
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What is the value of x after the occurrence of
the event chainei1e3e5e2?

event| state |comment X

/ A \ ed start 2

en'trylx++ / B \ < A entry of A 3

Ix=2 | exit!x=x*2 f ‘ A/B |entry of B 6

® l'entrylx=x'2 A/B/C |entry of C 5
.*)‘ TR g 2. =y el | A/B/C

,._ = ’ e3 exit of D 6

| entry / x— exit/x++ | | | = exit of A 12

K ﬁv// :e3lx++¥¥_/ x4+ 13

\ : =t /es e5 entry of A 14

) — I entry of B 28
A/B/D

el exit of D 29

exit of A 58

E
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What is the value of x after the occurrence of
the eventchaineie6egeie3?

FC

Ix=3

FACULDADE DE

CIENCIAS E TECNOLOGIA
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A
entry / x=x*2 c
it/ x_
exit/ x T G \
( & \eq | exit/x—
‘,\ entry / x++
ed [ x=x*2 el @ = =2/x=x2
el/x++
@itlx=x-2
el /;\
‘ ed
@ es5 H N
Oan |
\ \ @try/ X=X :2 //
A 1 =
\ ed 67". |
\ \ e6 Ix=(x*4)+2
9 G Y R
\exitlx=x 22V JK
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What is the value of x after the occurrence of
the eventchaineie6egeie3?

A event | state [comment X
& start 3
entry / x=x*2 A |entry of A 6
exit / x-- :
entry/ x++ G\ A/B
Ix=3 i B et | exit/x— el A/C |entry of C 7
‘—:‘-“\ ket Ly BA/C/G |entry of G 8
e4 [ x=x*2 @ = =2/x=x2 = L i 5
el/x++ e ~
Q(KIX:X-Z exit o C 5
= /\ exit of A 4
8 ie4 x=(x*e)+2 (Transition) 18
, Y
_f5 4 H \ e9 exit of Y 9
| . > ‘ A entry of A 18
\ \_ Uighb Al // A/B 1
\ \ / el A/C |entry of C 19
\e8 e7‘-, | A/C/G |entry of G 20
! \ €6 Ix=(x"4)+2 e3 exit of G 18
e9 (= :
) ¢ \ A/C/H |entry of H 9
exit/ x=x:2 Jr\
=
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Find these and many other
examples in
http://elearning.uml.ac.at/
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