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5.1 Examples for Statecharts

e To follow: examples from the UML notation guide
e plus other examples
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Statechart Syntax — Overview

<transition> ::= <state> ::=
( N
<state> <state-name>
: 1
{ <event> }é { [ <guard> ] }é { | <action> % { entry / <action> }O
{ do / <action> }1
<state> -0,
{ <event> / <action> }0
{ exit / <action> }1
g 0 J
<state-with-sequential-substates> ::= <state-with-concurrent-substates> ::=
<state-name> [<state-name> N

- J

pseudo states: initial, final, synchronisation, deep history, shallow history, stub

X
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Statechart Diagram (3-71)

Active ( Timeout

)

do/ play messageJ

dial digit(n)

after (15 sec.)

after (15 sec.)

[incomplete]

~| [ DialTone ) dialdigit(n)
it (dof play dialtone ™ o o finvalid]
receiver o diai -
. dial digit(n)[valid]
/get dial tone invalid _ I/ /connect
dle Ldo/ play messageJ [Connecting]
busy
( Busy w connected
callee Ldo/ play busyj
callee hangs up tone
Ealler answers V
angs up
/disconnect [ Ringing

callee answers

\ /enable speech

do/ play ringing
tone

Mis
M|
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Statechart Diagram (3-72)

/ Typing Password \

entry / set echo invisible

exit / set echo normal

character / handle character
@Ip / display help
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Statechart Diagram (3-73)

\_

I b}try/ start dial tone

/ Dialing

( Start N

digit(n) ( Partial Dial N

[number.isValid()]

exit/ stop dial tone

)

l entry/number.append(n)

>@

23
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Statechart Diagram (3-74)

(HiddenComposit;

entry/ start dial tone
exit/ stop dial tone

\_ o)
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Statechart Diagram (3-75)

Taking Class

Incomplete

ﬁ.[ Passed J

>—[ Failed
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Statechart (3-77)

Process

-~
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Statechart Diagram (3-78)
4 w :

o {Qb T
.e/»g%t%@ ———

may be abstracted as
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Statechart Diagram (3-79)

s

A

~

A1

Fa

interrupt
s
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Statechart Diagram (3-80)

[ State0 ] [ State1 ]

e2[b < 0] e1[b < 0]

State4d
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Statechart Diagram (3-81)

[ State1 ]

e1[b < 0)/a := f(m)

[a =]

V
[ State3 )

Stated

[ State2 )
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Statechart Diagram (3-82)

/

Handle Failure

include / FailureSubmachine

\—

error1/

S~

error3/

~

o

sub1

/

Ve

sub1::sub12

subEnd

error2/

v

inxecﬂ/

z-l
)
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Statechart Diagram (3-83)
/ Build House \

Install
Foundation '

Install Install Install
Electricity Electricity Electricity
In Foundation In Frame Outside
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Submission Status for Scientific Paper

[inPreparation]

[ submitted H inPoIishing]

[ inRefereeing j

—[ refereed )—
[ accepted j [ rejected j—

[ inRevision j [ hopeless j

[ published j

o)
)
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Education Status for People (1)

[ atSchool

T

atUniversity

)

iInEducation

professional}

2
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Education Status for People (2)

KatSchooI

i

[preSchooI} {primSchooﬂ {secSchool} {highSchooﬂ

>@x

X
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Education Status for People (3)

/atUniversity

|

[ student }

S
L

bachelor

-

)

e

master

-

)

S
L

doctor }

=
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Education Status for People (4)

InEducation

[apprentice} ﬂourneymarﬁ { master }

&

=
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Education Status for People (5)

’

professional

T

l

l

(employedl

@K

iunemployed}
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{ single

Civil Status for People

N

4 I

non-single

. \ .

H{ marrlfd J< >[ divorced }

>
\V4
[ widowed J

\_ /

=
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One-shot State Diagram for Chess Game

checkmate
White’s Black wins
Start © turn
"
black white stalemate
moves moves stalemate Draw
Q Black’s
rn . .
tu S T ekt White wins
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State Diagram with Guarded Transitions

~ time-out [cars in N/S left lanes]
North/south >C~|orth/south>
i I
may go straight time-out [no cars may turn left

in N/S left lanes]

N

time-out time-out

time-out [no cars

in E/W left lanes]
East/west
may turn left

time-out [cars in E/W left lanes]

East/west
may go straigh
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Actions for Pop-up Menu

right button down/ display popup menu

Menu
idle | J visible

right button up / erase popup menu

cursor moved / highlight menu item




5.1 Examples for Statecharts 187

Vending Machine Model

coins infamount) / set balance e

Coliecting money
Idle /)( : ,(\coins in(amount) / add to balance
cancel / refund coins

A N N
litem empty] select(item) [change<0]
A 4
@): test item and compute chan@
[change=0] [change>0]
%
(" go: di iom ) 4 )
do: dispense item do: make change
\ g ‘ j N
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Dispense Item Activity of Vending Machine

do: move arm \ &M I eadyﬁo: movearm \ &M ready (“do: push item) pPushed
to correct row / >\ _to correct column / >\ off shelf
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Select Item Transition of Vending Machine

digit(n) m
digit(n) select(item)

® do: reset do: append | _enter @
item J¢ digt / ”

clear

=
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An Aggregation and its Concurrent State
Diagrams (1)

/ Transmission

pushR _ \
® @ push N Reverse)

N

push N push F

f g;‘(\;\;)ard N upshift = _——_  upshift
k’&@ downshift (Second downshift (@

Accelerator Brake
&) depress accelerator . é depress brake_

release accelerator release brake

Mis
M|
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An Aggregation and its Concurrent State

Diagrams (2)

Car

Y

Ignition

Transmission

Brake

Accelerator

ignition

turn key to start
[Transmission

H@

in Neutral] @an release keyO

turn key off

~

y

xx
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Entering a PIN Number (1)

Nolnput )k

0..9 UnDo

[ 1Digitin ]W

0..9 UnDo

[2Digits|n ]W

0..9 UnDo

[3Digitsln ]W

0.9 UnDo

4DigitsIn Reset

OK

ToBeVerified

=
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Entering a PIN Number (2)

Nolnput

0.9 UnDo

Digitsin

[ 1DigitIn } _

0.9 UnDo

[ 2DigitsIn }

0..9 UnDo —

[ 3DigitsIn }

0..9 UnDo

OK

ToBeVerified

=
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Entering a PIN Number (3)

4 N
Nolnput %
[ N
0..9( |UnDo Reset
ese
‘Digitsln b
AN .
o _/
OK
\\'4
EI'oBeVerifiecﬂ

=
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Traffic Light (1)

4 N
- pushRed
® > red RED }
pushRed
pushYellow
® > yelow YELLOW
pushYellow
pushGreen
® > geen | > GREEN
- pushGreen -
\_ J

=2
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pushRed
S
H{ red-yellow-green " RED-yellow-green }
A
pushRed
pushGreen pushGreen
pushRed\/
pushGreen'y red-yellow-GREEN | | RED-yellow-GREEN | 5shGreen
pushRed
pushYellow| pushYellow pushYellow| |pushYellow pushYellow | |pushYellow pushYellow | pushYellow
. pushRed hG
pushGreen | req.yELLOW-GREEN | RED-YELLOW-GREENFPYSreen
pushRed”
pushGreen pushGreen
. pushRed
. red-YELLOW-green | J RED-YELLOW-green
[N
pushRed

=
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5.2 Graph Transformation for Statecharts

Explanation 1 (SC Diagram Semantics)
e explain state expansion in nested UML state diagrams

1. adding boundary nodes introducing a precise
Interface for the state to be expanded

2. expanding the state

3. removing the boundary nodes

e Our approach: intermediate step between original UML

diagrams and a general comprehensive semantical
framework

R
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Explanation (Cont'd SC Diagram Semantics)

e graph notation: as close as possible to original UML
representation, but a representation forcing an
unambiguous Interpretation

e resulting graphs (in the view of this section, the
semantics of the UML state diagrams) can be
translated into various semantical frameworks like
temporal logics, streams, or (again) graph
transformation systems (among other approaches)
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Car Transmission — UML High Level Diagram
~ . D
Transmission-L oushR
H{ Neutral Reverse )
pushN
pushF pushN
( Forward h
stop N up up
o - First [ Second [ Third )
down down
o %
o %

X
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Car Transmission — High Level Graph

pushR

H[ Neutral J< —
A pushN

pushF pushN
¥

[ Forward )

-

Reverse )

X
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Resulting Low Level Graph

N pushR
H[ Neutral [ Reverse )
pushN
pushFlpushNT\
stop
—= At )
up Tdown
stop ( Second pushN
up down
( - A
stop __ Third ) pushN

X
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Graph Transformation System for
Introducing the Boundary Nodes

Conventions for graph production layout

e nodes In the top of a production represent nodes
outside the part to be expanded

e nodes In the bottom of a production represent nodes

Inside the part to be expanc

ed

||

L []

| | O

CoO || CJ

L []

| | O
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Car Transmission — Explicit Boundaries In
the High Level Graph

pushR
H( Neutral | >( Reverse ]

pushF ¢ | pushN push

[ —orward ]

X
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Graph Transformation System for the Car
Transmission Example

stop

[ Forward ] —= First ]

up down

stﬁ[ Second )—

up down

[ Third ]

stop

=
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Applying the Rule in the High Level Graph

N pushR
H[ Neutral [ Reverse )
pushF pushN pushN
stop
—=( Fist )
up Tdown
stﬁ Second ]—
up Tdown
( : R
stop g Third )

=
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Graph Transformation System for Removing
the Boundary Nodes

C o) )

[]L

) ) )
Co ) ) C )

MiS
Ml
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Stubbed Transitions — UML High and Low
Level Diagram

/StubbedTransitions-H

:
H
5 LT o)
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Stubbed Transitions - Explicit Stubs and
Boundaries in the High Level Graph

X
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Graph Transformation System for
Introducing the Final Node

-

()

()

()
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Graph Transformation System for the

Stubbed Transitions Example

l\

W

2
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Stubbed Transitions — Applying the Rule In
the High Level Graph

MiS
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Graph Transformation System for Removing

the Stubs

) )
Ll 1

)

0| | D=+

Jed 0L

-
)

T

MiS
Ml
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Graph Transformation System for Removing
the Final Node

)

—
— é é g | O

MiS
Ml
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Stubbed Transitions — Resulting Low Level
Graph

X
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General Steps for Statechart Diagram
Semantics

General steps

e Step 0: Consider productions for boundary and stub
node insertion and deletion

e Step 1. Make explicit part to be expanded by
Introducing boundary nodes

e (Step 1x): If needed, make explicit stub nodes

o Step 2: Define graph transformation production for state
expansion
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General Steps for Statechart Diagram
Semantics (cont’d)

e Step 3: Apply graph transformation production
o (Step 4x): If needed, remove stub nodes
e Step 4: Remove boundary nodes
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