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The Analysis Model and the
Importance of StateCharts

StateCharts are particularly important for real-time systems,

Control functions are typically activated at specific states of the
system

StateCharts model the dynamic behavior of an object (with
multiple states of behavior) by showing the possible states that
the object can be in (idle, busy, waliting for selection, timedout,
processing_transactions, etc)

In the analysis model a StateChart diagram is needed for each
class of domain objects (including the system class) defined in the
class diagram that has multiple states of behavior.



Recall the Banking System Example
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Figure 21.4. Conceptual static model for Banking System: entity classes
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Example: StateChart for the ATMControl class
What are the limitations

3
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Figure 10.2 Example of flat ATM statechart
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Finite State Machines and
Statecharts

Statechart Graphical representation of finite
state machine—States are rounded boxes—
Transitions are arcs

e Statechart relates events and states of a
class of objects

Event —Causes change of state Referred to as
state transition

State —A recognizable situation —Exists over an
Interval of time—Represents an interval between
successive events



Finite State Machines (FSMs)
and StateCharts (SCs)

SCs are graphical representation of FSMs

They can depict complex FSMs consisting of
a hierarchy of state diagrams

SCs consist of states and transitions

A state depicts an actual state of behavior that
an object can be In during its life time

A transition from one state to another Is
caused by an event (e.g., user input, received a
message from another object, etc)



StateChart Rules
States of an Object

A recognizable situation

Exists over an interval of time

Represents an interval between successive events
Can be a Macro state or a Micro state

A Macro State Is defined by another StateChart
containing Macro and Micro states

A Micro state Is a primitive state not defined any
Further
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The History mark means subsequent entries are to the last active state
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Events

Event—A discrete signal that happens at a
point in time

—Also known as a stimulus

—Has no duration

*Two events

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

*Two events

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

—E.g., Cancel



Events and Conditions

State transition label
— Event [Condition]

Condition is a Boolean function
— Conditions are optional on statecharts

— Condition is true for finite period of time
When event occurs, condition must be
true for state transition to occur.
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Figure 3-6: Branches and Junctions



Actions

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

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

Entry Actions

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

Exit Actions

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



Example: Actions and Conditions, Auto Cruise Controller

Enable “Increase Speed” - —
Initial Engine Off

Accel [Brake Off] / ™ Engine On / Clear Desired Speed (~ ]
Idle

Engine Off / Disable “Increase Speed”

Engine Off Engine Off / Disable
“Maintain Speed”

. Accel [Brake O‘ﬁ] / § Brake Pressed / Disable
e Enable “Increase Speed - ~ _ “Maintain Speed”
(T~
Accelerating Brake Pressed / Disable Cruising Off N
J “« o " Qa \_ <
A lncreass Speed,” Select Off / Disable
Desired Speed “Maintain Speed”
. Brake Pressed / P
Accel / Disable Disable “Resume
“Resume Cruising,” Cruising”
Enablsc h:;“rcasc Resume [Brake Off] / Off / Disable
s Enable “Resume “Resume Cruising”
Cruising”
Engine Off / Disable
- / “Resume Cruising”
L Resuming Reach Cruising / Disable “Resume \( Cruising ]
) Cruising,” Enable “Maintain Speed”

|

Accel / Disable “Maintain Speed,” Enable “Increase Speed”

Cruise / Disable “Increase Speed,” Select Desired Speed, Enable “Maintain Speed”

Figure 10.9 Detailed Cruise Control statechart with actions and conditions



Example: Entry Actions, execute on the entry to a state
after a state tranIition

Insufficient Cash /

—~ :
— \( Eject

[ THc 7 <
Entry / Display After (Elapsed Time) [Closedown Was Requested]
System Down

Startup l/T Closedown
(

N\
[dle <
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Entry / Display
3 Welcome

Figure 10.11b  Entry actions

Figure 10.11  Example of entry actions (continued)
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Activities

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

Examples of activities
—Increase Speed

*Executes for duration of Accelerating state
—Maintain Speed

*Executes for duration of Cruising state
—Resume Cruising

*Executes for duration of Resuming state



Example: StateChart with Activities, Auto Cer Controller
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Initial Engine Off Idle ]
J
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Figure 10.10 Cruise Control statechart with activities
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The Sound Recorder
Analysis Level Class Diagram

Display

Battery

Userinterface

Keyvboard

AlarmClock

AudioController

()

Audiolnput

MessagehMemory

Microphone

AudioCOutput

Speaker

i'1:‘I

Megaage—l

Figure 3.2: Sound Recorder class diagram




\ GetCompressedAudioBlock{a:AudioBlock)?

Compress

Recording
enter: Start
DMA

DMA EndQfTransfer?

exit: Notifyl

Figure 4.2: AudioIlnput statechart

. PlayCompressedAudioBlock({a:AudioBlock)?

Expand
exit: Start

)

) PlayAudioBlock(a:AudioBlock)?

DMA EndOQfTransfer? 7 Notify!

DMA

Figure 4.3: AudioOutput statechart




Incomplete Statechart and
Incorrect state label

I-':. Playing .

- ™~ : \

: Idle 4 » Recording |

AN S N :
e

» Alarm

Figure 4.1: Behaviour of an AudioController

Why?




Example: Digital Sound Recorder
User Interface subsystem Design Class diagram

AvudioController

Keyboard
Battery

YgetLastkey( )

YgetLevel( )

Userinterface

AlarmClock

®setlUserMode| )

®Alarmi( )
75 75 GraphicContext
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— ®drawlLine( )
et . View ®drawPoint( )
‘actwa_teq ) ] %drawText( )
‘deactwa’_[et_ ) g = 1.* “update( ) 1 ®foregroundColor( )
update( ) & :backgmundcmt}r{ )
font( )
/\ Sclear( )
YsetViewport( )
ClockView
MenulUserMode
TaskWView
SettingTimeUserlode Display
MenuWiew
*0On( )
& 5
SettingDateUserMode Off( )

Figure 3.11: User interface subsystem class diagram



Example: Digital Sound Recorder
StateChart of MenuUserMode class
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Figure 4.7: MenuUserMode statechart



Activate?
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Figure 4.9: SettingDateUserMode statechart
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Recall the ATMControl class

«subsysiem»
: BankingService

wclient»
1 Card «subsystems»
Reader | ATMClient 2.6: Validate PIN 27 Ivaral
Input idati - ail
«external VO P > «l/Ox» (PIN Validation Transaction) (Account #s)
device» : CardReader
: CardReader Interface 1.2: Card Inserted

1.1: Card Id,
Start Date,
Expiration Date «state dependent

control»

2.5: PiN Entered
—_— : ATMControl
«entity» {PIN Validation Transaction) oniro
 ATMCard
é'é:rtcggeld’ 2.1: Card 2.8a: Update
e tion Request 1.3: Get PIN, Status (PIN Valid)
Expiration Daie )
1.4: PIN Prompt, 2.8: Dispiay Menu
2.9: Sslection Meanu (Account #s)
2.3: Card Id, PIN,
«external user» | €—— «user interaction» /S’(art Date, Expiration Date
: ATMCustomer : Customer > «entity»
KeypadDisplay -——% Interaction . ATMTransaction
2.4 PIN Validation Transaction

2: PIN input

PiN Validation Transaction = {transactionld, transactionType, cardld, PIN, starDate, expirationDate}

Figure 24.11. Communication diagram: ATM client Validate PIN use case




Example: StateChart for the ATMControl class
What are the limitations

3

- Card :
Of th |S S Insufficient Cash
- Idle
Diagram? \ ) ~
' After (Elapsed Time)
Waiting Card Confiscated l
Cancel > Terminatin
for PIN g
z Cancel
PIN Entered Invalid PIN Card Ejected
N\ (— >
Validating PIN >| Confiscating Ejecting
) Third Invalid, Stolen \
Valid PIN Cancel Recaitt
eceip
B } ] s Rejected Printed
Waiting for Processing
Customer Choice > Transfer g ——
) Transfer Transfer OK s
Selected HABIE ,L Printing
Rejected AN\
| Processing
Query l Query ) Query OK Cash
Selected Dispensed
. | Processing | Withdrawal OK | 5 |

i ispensin
Withdrawal 7| Withdrawal | zl 1spensing |

Selected

Rejected
Figure 10.2 Example of flat ATM statechart



Example: Macro States,

Insufficient Cash

Figure 10.14 Example of hierarchical statechart

Hierarchical StateCharts | cowso |
AT M SyS te m \_ \ P After (Elapsed Time)
Closedowi [Closedown Was Requested]
Card Startup \\;
Inserted [ LAﬁer (Elapsed Time) [Closedown Not Requested]
Idle J\
3 )
Processing iy o Terminating Transaction h
Customer
Input
‘ Wait .
fo;rnPllnl\% J >( Terminating J
Cancel k
PIN Entered Invalid PIN Cardl Confiscated Card Ejected
3 Third Invalid, Stolen 'y Y
| Validating PIN J >L Confiscating l Ejecting J
. )
¥ Processing i
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\ Printed
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Transfer Transfer J Transfer OK Printing
- </ Selected
\ Query OK
‘ Processing Cash
Query Query J Dispensed
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~ Withdrawal OK \( Dispensing J
\( Processing s ™
Withdrawal Withdrawal =
Selected \_ : .



Example: Auto Cruise Control
and Monitoring (The Cruise Cont. Subsys)

«input device interface»
BooleanInputDevicelnterface

?

I 1
«input device

pssv) 6202 3inbyy

WIS

Washsqng 04107 astna?) dof
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«algorithm»
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.

SpeedControl
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«algorithm»
Resumption

«output device
interface»
ThrottleInterface

Outputs to

«input device interface»
CalibrationButton
Interface

Notifies

«state dependent
control»

CalibrationControl

Controls

Vv

«entity»

Uses

«input device
interface»
Shaftinterface
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y

Calibration
Constant

«entity»
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Example: Auto Cruise Controller initial statechart

Accel [Brake Off] / ~

Engine On / Clear Desired Speed (~

|

Enable “Increase Speed” -
Initial

Engine Off

Engine Off / Disable “Increase Speed”

Idle ]

Accel [Brake Off] /
Enable “Increase Speed” -

Engine Off

Engine Off / Disable

Brake Pressed / Disable

e

T~

Accelerating Brake Pressed / Disable
Y,

“Increase Speed,” Select

Cruising Off

“Maintain Speed”

“Maintain Speed”

B4
By

N A
Desired Speed

Accel / Disable
“Resume Cruising,”
Enablsc h:;‘reasc Resume [Brake Off] /
pee Enable “Resume
Cruising”

4

Brake Pressed /
Disable “Resume
Cruising”

Off / Disable
“Maintain Speed”

Off / Disable

“Resume Cruising”

-
L Resuming

Engine Off / Disable
“Resume Cruising”

Reach Cruising / Disable “Resume

=y

) Cruising,”

Enable “Maintain Speed” ,k

Cruising }

Accel / Disable “Maintain Speed,” Enable “Increase Speed”

Cruise / Disable “Increase Speed,” Select Desired Speed, Enable “Maintain Speed”

Figure 10.9 Detailed Cruise Control statechart with actions and conditions



Example: Auto Cruise Controller Refined statechart l
Engine On / Clear Desired Speed ( idi j
e
§
1\ Engine Off
E Engine Running V
[ Initial ] {Cmising Off jé it
Accel [Brake Off] it Resume i Off | Brake Pressed
[Brake Off] [Brake Off]
§ Automatic Control %)
V v rv
( Accelerating ] Acal Resuming w
Do / Increase Speed \DO / Resume CruisingJ
Ex1t/ Select Desired Speed
Reached Cruising
Cruise T Accel
Cruising 9
LDo / Maintain Speed
2 7
=

Figure 10.19 Hierarchical Cruise Control statechart with activities and exit action




Example: Elevator Control Collaboration Diagram

Display:
Display

N

11:Door_Closed=TRUE
Floor_No_Arrived 6: Open_Door / /

10:0Open_Door

Door:
Door

7: Door_Closed=TRUE

1: state “Idle”, Floor No Arrived=1
3: state “Going_Up”,

Inside_Elevator Buttons > R‘i‘floor_s l A Irlglussit Higer=;
Inside Elevator Buttons EIevator_SW_Sys. 4: state “Passenger_Loadmg ,
— — Elevator SW_Sys Floor No_Arrived=7
- 8: state “Going_Down”,
Req_Lowest_Floor=5
9: state “Passenger Loading”,
Floor_No_Arrived=5
12: state “Idle”, Floor No_ Arrived=5
\
Floor _No_Arrived 2: Req_Floor=7

Floor_Sensor:
Floor_Sensor

Central_Station:
Central_Station




Scenario of the Collaboration Diagram

*ldle on Floor 1

*Gets request from Floor 7

*Going Up to Floor 7

*Gets request from inside passenger to Floor 5
Loading on Floor 7

*Going Down to Floor 5

Loading on Floor 5

e|dle on Floor 5



i Req_Floor=NULL
Elevator SW Sys In_Service

State Diagram .7

Alarm is off

Floor _No_A\rived >

Out of Service Highest && Door-Closefl=TRUE

Floor Nq@_Arrived<
Req|Floor

Req_Floor

Alarm is on

Going_Up Going_Down

Floor_No_Arrived < Req_Highest_Floor

Floor_No_Arrived > Req_Lowest_Floor
&& Floor_No_Arrived != Req_Floor - = q_ _

&& Floor_No_Arrived != Req_Floor




Example: Elevator Control, a better example

«external input
device»
Elevator
Button

Inputs to

Qutputs to
1% <4

«external output

4

«external output
device»
Elevator

Lamp

1..*
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1 1

«systemm»
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FloorButton -
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I
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Floor
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]
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] ure 18.13 Hierarchical statechart for Elevator Corntrol




Example: The Pacemaker

There are two queues, cne for sending' and
one for receiving, just to simplify life.

Pacemaker
«subsystems- Comrmunications
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Figure 4-15: Pacemaker Class Diggram
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Figure 4-19: Charnber Model State Model
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Figure 4-20: Atrial Model State Model
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Figure 4-21: Ventricular Model State Model



