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Introduction

A state diagram describes the possible
sequences of states of a model element,
typically for objects of a certain class

During its lifecycle
(from creation to deletion)

During the execution of an operation
or interaction

The following are modeled
The states in which the objects of a class can be

The possible state transitions from one state to
another

The events that trigger transitions

Activities that are executed In states or in the
process of transitions



Example: Lamp

4 ) 4

off Press button / "Attention" on
do /whistle = entry /clap
\_ _/ Press button / "Attention" \_
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Example: Lecture Hall

(free-\ occupy() >(free=\
true false
\- J< release() - /

LectureHall

— free: boolean

+ occupy()
+ release()

class LectureHall {
private boolean free;

public void occupy ()
free=false;

}

public void release ()
free=true;

J

{

{
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Example: Digital Clock

The states that a digital clock can be in when setting the clock are modeled.

new

4 show time

~

do/Show current time

set()

. /min:=0; hours:=0;

\_ J
\Lset()

4 set hours )

> entry/Beep

do/Show hours

\_ J
\Lset()

4 set minutes )

entry/Beep

do/Show minutes

\_ J

inc()
/hours:=(hours+1)mod24

inc()
/min:=(min+1)mod60

NGO

(

\_

@inc

N
@set

J

DigitalClock

— min: int
— hours: int

+ set(): void
+inc(): void
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State

" Name

g )

State
System can be in a permanent state
"Real" state
Final state

Pseudostate

System cannot be permanently in this state
Initial state
Shallow/deep history state
Parallelization nodes & synchronization nodes
Terminate node
Decision node
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Activities within a State

entry / Activity a S ™
Executed when entering the state entry/Activity(...)
exit / Activity do/Activity(...)
Executed when leaving the state int/ Activity(...) y
do / Activity

Executed when the system is in the state

Parameters are allowed g free A
do/Display as available
event / Activity ~ N 7
Activity handles event within the state occupy() release()
Executed when the system is in the state and the event occurs V
4 occupied )

entry/Save user reservation
do/Display as occupied
exit/Delete user reservation

\_ /
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State Transition (1/2)

Transition from the source state to the target state

Occurs when the event occurs and the condition
(if any) is fulfilled

\_

S

Event

e

Guard
8]

Activty
/a

J

Source state

Transition

=

Target state

\_

T

J
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State Transition (2/2)

Event, Trigger
External stimulus
Can trigger state transition

Guard (Condition)
Boolean expression
Evaluated when the associated event occurs

Condition true: Activities in the current state are
canceled, exit activities are executed and the state
transition takes place

Condition false: System remains in the current
state, the event is lost

Activity (Effect)
Executed during the transition
Can include a number of actions



Example: Registration status for an exam

/" notregistered

new date/Check date

register
[registration possible]

>

4 registered

~

entry/Enter date in calendar
do/Study for exam

\_ /

withdraw
[withdrawal possible]

problem/Discuss with colleagues

Exit/ Delete date

/

NGO



Syntax of Transitions

—7% Event

Parameter

)

—~

SOV

2/

The activity can consist of several actions

__________________________________

__________________________________________________________

{

_____

Action 1

>®%Guard

___________________________________

_____________________________________________________

{

Action 2

9@%Activity

1NGO



Modeling with Decision Nodes (1/2)

Pseudostate

Can be used to model alternative transitions

S1

-

S2

~

J

S1

=0\
[ b>0 ]

N\

S3

~

S1

J

-

0\

2=
el/b:=b+1 ><>\‘0<\
>

[b>0]

\_

S1

NGO



Modeling with Decision Nodes (2/2)

e [x<3]
4 )
g J

e [x>7]

NGO



Default Values for State Transitions

Default values

Missing event corresponds to the "Activity is complete” event
Missing condition corresponds to the condition [ true]

Example: ATM

-

Busy

~

\_

Idle

do / cash out amount

/

1NGO



Types of Transitions

rarely models the desired situation

4 51 N el 4 SZ N
do/A1l >
\_ J \_ _J
4 ) 4 N
51 el[gl] -
do/Al =
\_ Y, \_ _J
4 51 N 4 SZ )
do/A1l >
\_ J \_ _J
4 N 4 )
S1 [g1]
do/Al > 52
\_ J \_ _J

1NGO

If el occurs, Al is canceled and the object changes to the
S2 state

If el occurs and gl is true, Al is canceled and the object
changes to state s2

As soon as Al is completed, a completion event is
generated that triggers the transition to S2

As soon as Al is completed, a completion event is generated
and gl is evaluated. If gl is true, the transition to S2 occurs.
If g1 Is false, the transition can never take place
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State Transition: Internal Transitions (1/2)

Are triggered by events like "external” transitions, but do not leave the current state
Equivalent to self-transition if no entry /exit activities are available

~

0

N\ / /

ldentical activities can be moved into the state:

entry / al

exit / a2
\_ J

/\

4 Z
e/a
g
/a} Tz
=
V\ //a? /
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State Transition: Internal Transitions (2/2)

Interal Transition Self-transition

4 statel N 4 statel N
entry/Activityl entry/Activityl
eventl/Activity3 exit/Activity2
exit/Activity2

\_ / \_ /

/r eventl/Activity3

If eventl occurs
= Object exits statel and Activity2 IS executed

= Activity3 IS executed
= Object enters statel and Activityl IS executed

If eventl occurs
Object remains in statel
Activity3 Is executed



Example: Digital Clock

The states that a digital clock can assume when setting the clock are modeled.

new

4 show time

~

do/Show current time

set()

. /min:=0; hours:=0;

\_ J
\Lset()

4 set hours )

> entry/Beep

do/Show hours

\_ J
\Lset()

4 set minutes )

entry/Beep

do/Show minutes

\_ J

inc()
/hours:=(hours+1)mod24

inc()
/min:=(min+1)mod60

NGO

(

\_

@inc

N
@set

J

DigitalClock

— min: int
— hours: int

+ set(): void
+inc(): void




Execution Sequence of Activities - Example

Assuming S1 Is active

... What value does x have after the occurence of e ?

4 S1 )
@ — entry/x=4
exit/x++
\_ y,

e[x==4]/x=x*2

82

~

S1 becomes active, x Is assigned the value 4
e occurs, the condition is evaluated and is true
S1 Is exited, x Is assigned the value 5

The state transition takes place, x is assigned the value 10
S2 Is entered, x Is increased by 1 and now has the value 11

> entry/x++

\_

J

1NGO
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State Transition: Event Types (1/2)

CallEvent
Recelipt of a message (operation call)

e.g.. occupy(),
register()

SignalEvent
Recelipt of a signal

e.d.. rightmousedown,
receiveSMS

TimeEkEvent

Relative: related to the time of entry into the
currently active state

e.g.. after (5 seconds)
Absolute
e.gd.. when (time==16:00),
when (date==20250101)



State Transition: Event Types (2/2)

ChangeEvent

The fulfillment of a condition is continuously monitored
EX.: when(x > y)

Completion event

Is triggered when all do activities of the current state
have been completed

Any receive event

Occurs when any event occurs that does not trigger
another transition in the active state

A type of "else-transition”

4 )
el
Keyword all J s
(g1 _ y
do/Al
N / Joan h
L




Difference Between ChangeEkEvent and Guard

ChangeEvent.
Condition is continually checked

If the condition is true, the associated state transition can be triggered (if not blocked by the

associated guard condition)

attending lecture

\_

do/Listen to lecture

when(slideNr == maxSlideNr)

J

Guard:

Only checked if assigned event occurs

Cannot trigger a state transition itself

attending lecture

.
bell rings[slideNr == maxSIideNr]>

\_

do/Listen to lecture

J

What happens when the last slide is reached before the bell rings?

What happens if the bell rings before the last slide is reached?

f p
leisure time

N Y

4 p
leisure time

N Y

1NGO
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Initial and End State, Terminate Node

Initial State ®
"Start" of the state machine diagram

Exactly one outgoing transition

Is triggered immediately when the system is
in the Initial state

No conditions and events (exception: event
for creating the object under consideration)

Specification of activities is allowed

Final State O,

No outgoing transitions
Not a pseudostate!

Terminate Node

Object whose behavior is modeled
ceases to exist

1NGO



Example: Exam Attempt

o —

(" )

withdraw

registered

\_ J

V
hot

) grade

performance

_ graded

> X

-

\_

positive

~

J

N

correction
[new grade<5]

-

\_

hegative

~

J

NGO
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Composite States

Are composed of multiple substates
- Nested state machine diagram

The substates are disjoint

4 7 )

1 A A Only X OR Y can

- AR e >® | pe active at any

g J g J
~ o given time!

Division of the superstate into several regions
-> the substates are parallel, simultaneously active
Z = "orthogonal state”

4 7 R

[REGION1] | . \
_____________________ kXJ%@ X AND Y are active

REGION?2 f ) at the same time!

[ ] o ~@

N — /

1NGO
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Entering a Composite State (1/2)

Transition to the edge of a Event State Activities
composite state: Initial state Is Performed
activated "Gtart" S3
e2 S1/S1.1 a0-a2-a3-a4
r N
S3
. el/al
.% exit/a0
N Y
S1
entry/a3
e2/a2 exit/a5
V
< 511 ) ((s1.2 )
._9entry/a4 ientry/a7 _e_4>@ —>(®)

K EXIt/aG ) \eX|t/a8 y /
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Entering a Composite State (2/2)

Transition to a substate: Event State Activities
Substate Is activated Performed
“Start” S3
el S1/S1.2 a0-al-a3-a7
~ N
?3 el/al
.—9 exit/a0
N Y
S1
entry/a3
2/a2
e2/a exit/a5
L4
> s11 ) [ s1.2
._9entry/a4 Ef;entry/a7 _e_4>@ —>(®)

K \eX|t/a6 y EXIt/aS ) /




Exiting a Composite State (1/3)

Transition from a substate Event State Activities
Performed
“Start” S1/S1.1 a3-a4d
e3 S2 ab-ab-a2-al
S1
entry/a3
exit/a5 e5/a3 \l/
(811 ) (s1.2
4_e4 7 ed e3
o— hentry/a -~ S Jentry/a —>(@) —>entry/al>(g)
K EXIt/aG ) EXIt/aS ) /
N

e3/a2

NGO



Exiting a Composite State (2/3)

Transition from the edge of a

composite state

/

e3/a2

N

Event State Activities
Performed
“Start” S1/S1.1 a3-a4d
e5 S2 ab-a5-a3-al
S1
entry/a3
exit/a5 e5/a3 \l/
(511 ) ( S1.2
el el e3
._>entry/a4 — S Jentry/a7 —>(@) —>entry/al"S>(g)
K Exit/aG ) Exit/aS )

NGO



Exiting a Composite State (3/3)

NGO

Transition by ending the substate Event State Activities
sequence Performed
“Start” S1/S1.1 a3-a4d
e4 S1/S1.2 ab-a7
ed S2 a8-a5-al
S1
entry/a3
exit/a5 e5/a3 \l/
(s1.1 ) (s1.2
4_e4 7|e4 e3
o— .__>entry/a S Jentry/a —>(@) —>entry/alS(g)
K Exit/aG ) Exit/aS )

/

e3/a2

N




Orthogonal (Concurrent) States

EX.:

At any given time, one substate
of each of the two orthogonal

(=parallel) regions of W is active!

e nrnrar)

Possible combinations of simultaneously active states:
A&Xor A&YorA&ZzorA & Final State of [S2]
B&Xor B&YorB&ZorB & Final State of [S2]

or Final State of [S1] & X or Final State of [S1] & Y or Final State of [S1] & Z or
Final State of [S1] & Final State of [S2]




Exiting Orthogonal States

Orthogonal
regions -

=

The composite state Y is exited when

B and D have been exited (subsequent state z1)
[= the substate sequences have ended]

event e2 occurs in any substate (subsequent state z3)
event el occurs Iin state C (subsequent state z2)
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Complex Transition for Orthogonal States

If an orthogonal state is activated, all initial nodes of is adjacent regions are activated

However, if you want to start the control flow at other positions, you use parallelization or
synchronization nodes

Parallelization node
Target states must be In different regions
Source state must be outside the orthogonal state
(Rules for synchronization nodes in reverse)

S1

53 | >| [ >|
el )b,
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Example: Lecture Hall Equipment

/ Lecture Hall Equipment \

[projector]
 standby switchON [t: on
@ < >[IPUt VPl (Tvea hdmi 'HDMI'
~——p— switchOff = . >
\_ Nga g \y y
g DocCamera
dc . hdmi
entry / activateDC
S J
[signal] - . ~ o
._9 no signal signalAvailable > 5
\ ~ /< noSignalAvailable \- J/
after(5min) g

[projector screen]
-

2 TR e 2
move down when(screenDown) | idle up move up

. >1do / moveScrDown |« =) )< ) do / moveScrUp
\ \- / down \- when(screenUp) - j
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Submachines

To reuse parts of a state machine diagram in other state machine diagrams
Notation: State: SubmachineState

As soon as the submachine state is activated, the initial state of the referenced submachine is
activated

Similar to subroutine calls in programming languages

give grade s )
@ > notgraded > graded:grade

\_ Y, \_ O—O,\

Refinement symbol
4 grade A (optional)
4 ) correction 4 A
@ > nezgative new grade<5] |  positive
1\ _J g _J
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History State

Historical states remember the last internal state in a
composite state when leaving this composite state.

It Is possible to return to this state at a later time
All entry activities are executed again

Shallow history state remembers one level

®)

All substates are retained over the entire nesting
depth via a deep history state "H*"

()



Example: History State (1/4)

el

S4
o 1 N
e2 e3 e5
@ $1.1—>>{S1.2—>{51.3—=(®)
\_ /
N
e4 e/
(1) .
4 $3 N
eb
>@ > §3.1—{S3.2
\_

"

Event State
“Start” S5
el S4/51/51.1
el S4/51/51.2
elO S5
e9 (H>) S4/51/51.1

NGO



Example: History State (2/4)

el

S4
o 1 N
e2 e3 e5
@ $1.1—>>{S1.2—>{51.3—=(®)
\_ /
N
e4 e/
(1) .
4 $3 N
eb
>@ > §3.1—{S3.2
\_

NGO

"

Event State
“Start” S5
el S4/51/51.1
el S4/51/51.2
elO S5
e8 (H*>) S4/S1/S1.2



Example: History State (3/4)

el

S4

51.1

S1

51.2

e3

S3

eb6

S3.1

S3.2

Event State
”Start” S5
e9 (H>) S4/51/S1.1

NGO



Example: History State (4/4)

el

S4

51.1

S1

51.2

e3

S3

eb6

S3.1

S3.2

Event State
“Start” S5
e8 (H*>) S4/S3/S3.1

NGO



Example: States of an academic education

-

@

pay tuition fees

\_

study program
inactive

~

leave university

J

N new semester
[tuition fees not paid]

leave
university

study program active

v

@ -

~

\
bachelor
4 ( ) 4 ( )
bachelor’s > bachelor’s degree
studies ended completed
g J \_ J
J
v enroll for master’s degree
\
master
4 ( ) 4 ( )
master’s > master’s degree
studies ended completed
J \_ J
J
\/ enroll for PhD
\
) IDh[) 4 )
PhD S PhD‘s degree
degree ended completed
J \_ J )/

)

NGO
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Entry and Exit Points

Encapsulation mechanism

Transition to a specific substate of a composite state without the external transition having to know
the structure of the composite state

Similar transition out of a composite state
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Example: Entry and Exit Points

/ ) graded . \

positive
e D e D \%‘,36645\ /k y
. performance not | grade N
registered > correction
graded
- Y, \. Y, [gfa [new grade<5]
withdraw detgj \f N
\/ negative
X \_ )

) graded . \

) > positive
\_ J/
[ | performance _( not | grade N
reglstered > graded correction
- Y, \. J [new grade<5]
withdraw 4 A
\/ »——=1 negative
>< \- Y /
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