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What is it good for?

0 State diagrams express behavior
e What happens in a system, in a given condition
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What is it good for?

0 State diagrams express behavior
e What happens in a system, in a given condition
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State

0 A configuration of the system (or entity)

0 Each possible assignment of values to
attributes is a “state”

0 Arecognizable situation
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States

0 Exists over an interval of time

0 Represents aninterval between successive
events

0 Can be a Macro state or a Micro state

0 A Macro State is defined by another FSM
containing Macro and Micro states

0 A Micro state is a primitive state not defined
any Further
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State examples

= Room
= Available
m |nuse

m Under
renovation

= Student

= Approved

= Not approved
= Printer

= Printing

= Idle

= Waiting for

paper

= Traffic Light

Off
Green
Yellow
Red

m Telephone

Idle

Busy

Dial tone
Ringing
Connected
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Transition

0 Move from a state to another

0 Event + Condition + Action

0 Event
e Something that happens
e External orinternal stimuli
* May trigger a transition

0 Condition

e Something that must be true, or else the transition will not be
performed

e Also known as “guard”

0 when event a occursin state A, if condition Cis true at the
time, the system transfers to state B ® censro
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Events

0 Event-A discrete signal that happens at a point in
time
—Also known as a stimulus
—Has no duration

*T'wWo events

—May logically depend on each other
—E.g, ATM Card inserted before Pin # entered

*T'wo events

—May be independent of each other (they can occur
Independently)

—E.g., Cancel %
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Events and Conditions

o State transition label
— Event [Condition]

o Condition Is a Boolean function

— Conditions are optional on statecharts
— Condition is true for finite period of time

o0 When event occurs, condition must be true for
state transition to occur.
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Transition

0 Move from a state to another

0 Event + Condition

) ] a (C) .

0 when event a occursin state A, if condition Cis true at the

time, the system transfers to state B <.
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Student Example 2

BreakfastOver

(B reakfast} \fStudyi ng)
N
Alarm /
]

DinnerTime [NoMoreClasses] ClassTime
(Sleeplng) ClassOver [<DinnerTime or
More Classes]
I

DinnerFinished

ClassOver [>=DinnerTime &

| Dinner

NoMoreClasses] (InClass|
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Transition example

“On Button”
pressed

after 15 s

after 30 s

Traffic Light
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“On Button”
pressed
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Traffic Light
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Telephone example
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http://youtu.be/PuYPOC-gCGA?t=4m12s
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Neat, but... \
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Statecharts to the rescue

0 Proposed by David Harel, in 1987 (Statecharts: A
visual formalism for complex systems)
0 State diagrams with additional mechanisms to:

e handle complexity
* improve expresiveness
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Currently...

0 Partof UML

0 Tool support
e Modeling, simulation and code generation

0 Formalization
* Reasoning
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Hierarchy

0 Super and sub states

0 XOR-states
S"per

©ONOORWDNE

BAB

BCB
BACB
BCAB
BABABAB
BABCBAB
BCCB
BAAB
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Hierarchy

CCCCCC

,~delnformética

©Jaelson Castro 2019 22



Hierarchy

/alarms-beep\
{ = alarml )
_ beeps
displays ) g—
30 sec in alarms- ~~ glarm? |
beep .
any buttom—_ | beeps
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C\ beep //
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Default state

A\

CCCCCC
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History

0 Enter the last active sub-state
on that state

0 Example:

 When displaying an alarm, it will
be either on or off, according to
whether it was on or off before

(alarml
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Default and History States

0 Default states 5
+ Equival
quivalent to start -

states for FSM

0 History %
e (H)Record of the 4 alarmlg\ ﬁ \

[ast state at the
current level

e (H*) Deep history d
stores last state at
all levels current \_

and below U

L
_°]
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Orthogonality

0 Independence and concurrency

O AND-states

(sto pwatch
d b b
(in off)
N

( display

regular
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b
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Orthogonality

0 AND combination of states

0 Concurrency and synchronization
e Simultaneous transitions in component states

0 Independence

e Independent transition in one of the component
state

0 Orthogonality = concurrency + independence

0 Communication among states by common
events
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Orthogonality

ccccccc
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Comparing hierarchy and orthogonality

.

(employed h
probationary
[ full ]

J

probationary XOR full

(employed A
t’[on payroll]
assigned to
project
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Conditional entrance

0 Groups a set of transitions with a single event
and multiple conditions
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Actions

o Can be defined as state transition label
—Event / action(s)
—Event [condition] / action(s)

o Actions
—Executed as a result of state transition
—Executes instantaneously at state transition
—Terminates itself

0 Entry Actions

e Defined for a given state and executes on entry to this state
from any state

0 Exit Actions

e Defined for a given state and executes on exit from this state
to any state
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Actions

( D )
A
entry X
exitV, Z
w
[ c ] p/
\_ J
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Activities

o Activity
—Executes for duration of state
*Enable Activity on entry to state
*Disable Activity on exit from state

0 Examples of activities
—Increase Speed
*Executes for duration of Accelerating state
—Maintain Speed
*Executes for duration of Cruising state
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Example: StateChart with Activities, Auto Cer Controller

Accel [Brake Off] ( A Engine On / Clear Desired Speed
Initial Engine Off Idle ]
J
Engine Off

Engine Off Engine Off

Accel [Brake Off]

Brake Pressed

: ) e ™~
( Accelerating > <
Brake Pressed / Select Cruising Off
k)o / Increase Spees THeatred Siced by )<
5 esired Spee Off
Accel
Brake Pressed
Resume [Brake Off]
Off
e : ™ Engine Off =
Resuming = ( Cruising w
Reach Cruising -
t)o/ Resume Cruising ’h)o / Maintain Speecﬂ
| \

Accel

Cruise / Select Desired Speed

Figure 10.10 Cruise Control statechart with activities



Notation

state

actions

event (condition) /

W

(S uper-state

sub-state

U

indication of
default state

@ History
@ Conditional
entrance
(;tate
| )
orthogonal | orthogonal
state 1 | state 2
|
\_ : y,
\_
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Examples
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S —
Finite State Machine: ATM_Controller

Card :‘: N
Inserted Insufficient Cash

Idle
L____) After (Elapsed Time)

Waiting Card Confiscated f
Cancel >| Terminating
for PIN )

Cancel

PIN Entered Invalid PIN Card Ejected

~
Validating PIN >| Confiscating Ejecting
) Third Invalid, Stolen

Valid PIN Cancel .
Receipt
\ * Rejected Printed

Waiting for Processing
~

Customer Choice Transfer g ——
Y, Transfer Transfor OK =
Selected HABIE ,L Printing

Rejected AN\
| Processing
Query l Query ) Query OK Cash

Selected Dispensed

| Processing | Withdrawal OK | : : |
Dispensing

Withdrawal l Withdrawal J l |

Selected

Rejected
Figure 10.2 Example of flat ATM statechart



Example: Macro States,

N

Insufficient Cash

Closed Down

£,

g Closedown

\ 4
Waiting
for PIN
Cancel

PIN Entered

LAﬁer (Elapsed Time) [Closedown Not Requested]

After (Elapsed Time)
[Closedown Was Requested]

Hierarchical StateCharts [
ATM system -y
Card P
Inserted [
Processing i b
Customer
Input

-

Terminating Transaction

g1

\( Terminating ]

Invalid PIN

[ Validating PIN J

Third Invalid, Stolen

Card | Confiscated

4

Card Ejected

>L Confiscating l

Ejecting J

Rejected

&

Receipt
Printed

S

Transfer OK ,L Printing ]

Query OK

- )
¥ Processing
X Valid PIN Transaction
g of  Processing )
; Transfer Transfer J
~/ Selected
; ' Processing w
Query Query J
Selected
\( 1 B
Processing
Withdrawal Withdrawal J
Selected \_ )

Cash
Dispensed

Withdrawal OK (
b

Figure 10.14 Example of hierarchical statechart
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Finite State Machine — FSM : BANK ATM

state machine Bank ATII.Q

@ uml-diagrams.org

turn off / shutDown

Hmf:

turn off
/ shutDown

turn on / startup

[ at

cardinserted

V

cancel

Self Test

service

~

failure
failure
, Qut of
Maintenance .
Service
service \—.v‘"\
failure

-

J

Serving Customer

entry ( readCard
exit [ ejectCard

Customer
Authentication

o0

Selecting
Transaction

Transaction
oo
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Order processing

Order arrives

Order in
queue

Order check failed Order check valid

Rejected Accepted
order order

Out of stock

Waiting order

In stock

Supply arrives

Order
confirmed
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Course registration

Within
deadline

Propose
Course offer

Course open
for
registration

Course
assigned Enroll Withdraw
Course full

Vaccancy exist

Schedule

Last date

Close course
registration

Student dropped

Session started
Course being

taught

valuation/Session end

Feedback

@

-
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Microwave

E2: Door Closed

Idle with door closed
entry/ Turn off light

[ ldle with door open W

{ entryf Turn on light

E1: Door Open

o

Cooking Complete EZ2: Door Closed
entwiTurn off Tube —
entr! Turn off light cooking interrupted
entwyi Sound warning heep ontryf Tum off tube
entryl Clear Timer
E 3. Button Pushed

E1: Door Open
E4: Timer Timeout

Cooking
E3: Button Pushed m

Extended

p

Initial

entryiSet Timer
J¥3: Button Pushed entryfTurn on light

entwyfAdd 1 minute to Timer

entry/Turn on tube
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[ Citizen quartz multi-alarm 111
f main | alarm1 - status :ern'me- status I light A
| | / !
: : disabled | fort
I .
) - batt. inserfed
I[ndlnml.uﬂ '“‘J I[iﬂ- Hiim.u-?]r \:’m ehime , off ) I b b ".'—'i'—‘—
f’ _ f | {enabied A I |m
disploys | Jalorms - . batt. removed
I:: beep [ | quiet | fein{main®}
= FIEITTE_-!T:IM_E_—_J: Tis Zsec in r
' while haur beep
’ IE disabled | [.,EE,, |
|
I af Td | |
I{muum 2, linalorm 2.0n) | M - | \ batt g
Wi att. dies
| enabled I I Felh (main®™)
\ l | | J
- .
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Practice
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Practice

0 Design the statechart for a traffic light
with a button for pedestrians

A pedestrian can press a button to indicate, she/he
wants to cross the street. Then a blinking light
indicates, that the traffic light has recognized the
request. After a few seconds, the traffic light for
the street turns to red and the pedestrian traffic
light turns to green. Then the pedestrian traffic
light turns to red and the street traffic light
changes to green again
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TrafficLightWaiting main region

interface TrafficLight:
var red:boolean

var yellow:boolean
var green:boolean

interface Pedestrian:
var request:boolean
var red:boolean

var green:boolean

interface:
in event pedestrianRequest

in event onCff

*—

after 2s

StreetPrepare

entry / TrafficLight.red = true;
TrafficLight.yellow = true;
TrafficLight.green = false

T after 3s

Pedestrian Red

entry / Pedestrian.red = true;
Pedestrian.green = false

T after 7s

PedestrianGreen

entry / Pedestrian.red = false;
Pedestrian.green = true

T after 2s
StreetRed

entry / TrafficLight.red = true;
TrafficLight.yellow = false;
TrafficLight.green = false

-—@

StreetGreen

entry / TrafficLight.red = false;

TrafficLight.yellow = false;
TrafficLight.green = true;
Pedestrian.red = true;
Pedestrian.green = false;
Pedestrian.request = false

pedestrianRequest

PedWaiting
exit / Pedestrian.request = false
ri
waiton yafter 500ms
entry / entry /

Pedestrian.request = true

after S00ms Pedestrian.request = false
-

l after 7s

StreetAttention
after 2s

entry / TrafficLight.red = false;

TrafficLight.yellow =
true;

TrafficLight.green = false

onOff
S

onOff

off
entry / TrafficLight.red = false;
TrafficLight.green = false;
TrafficLight.yellow = false,
Pedestrian.red = false;
Pedestrian.green = false

!

YellowOn

rl

entry /
TrafficLight.yellow = true;
Pedestrian.request = true

mfar 500ms  after SUUm%

YellowOff

entry /
TrafficLight.yellow = false;
Pedestrian.request = false
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