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Modelling "State”

« What is State?

 State space for an object
« concrete vs. abstract states

e Finite State Machines
- states and transitions
« events and actions

* Modularized State machine models: Statecharts
* superstates and substates
* Guidelines for drawing statecharts



Getting objects to behave

 All objects have "state”

* The object either exists or it doesn't

« Tf it exists, then it has a value for each of its
attributes

* Each possible assignment of values to attributes
is a "state”

* (and non-existence of the object is also a state)

« E.g. For astack object

new() [

\ 4

~— S S IS S

Pop() Top() Pop() Top() Pop() Top() Pop() Top()



What does the model mean?

 Finite State Machines
« There are a finite number of states (all attributes have finite ranges)

« E.g. imagine a stack with max length = 3
Push() Push() Push()

) T N
0% empty ] [ 1ite‘m ] [ 2ite|:ns ] [ 3ite|:ns ]

Pop() Top() Pop() Top() Pop() Top()

* The model specifies a set of traces

*  E.g. new();Push();Push(); Top();:Pop();Push()..

« E.g. new();:Push();:Pop():Push();Pop()...

« There may be an infinite number of traces (and traces may be of infinite length)
« The model excludes some behaviours

« E.g. no trace can start with a Pop()

« E.g. no trace may have more Pops than Pushes

« E.g. no trace may have more than 3 Pushes without a Pop in between



Abstraction

* The state space of most objects is enormous
« State space size is the product of the range of each attribute
- Eg.
- Eg.
- Eg.
« If we ignore computer representation limits, the state space is infinite

* Only part of that state space is "interesting”
« Some states are not reachable
« Integer and real values usually only vary within some relevant range
« Often, we're only interested in certain thresholds:
- Eg
- Eg



Collapsing the state space

Push() Push() Push() Push()
e N N e g
newy empty ] [ 1 item ] [ 2 items ] [ 3 items ] [ 4 items ] .o
N~ S S S
Pop() Top() Pop() Top() Pop() Top() Pop() Top()
Push() Push()
I v | ¥
new() empty ] [ not empty ]:I Top()
1 -
Pop() [sc=1] Pop() [sc>1]
The abstraction usually permits more traces

Eg.
But it still says something useful



What are we modelling?

Application Domain Machine Domain

C - computers

D - domain properties
P - programs

R - requirements

(D) Observed states of an application domain entity?

* Model shows the states an entity can be in, and how events can change its state
« This is an indicative model

(R) Required behaviour of an application domain entity?

* Model distinguishes between traces that are desired and those that are not

+ This is an optative model

(S) Specified behaviour of a machine domain entity?

*  Model specifies how the machine should respond to input events
+ This is an optative model, in which all events are shared phenomena



the world vs. the machine

person
-person dateOfBirth
206 dateOfDeath
9 recordBirthy()
havebirthday() fféggggatho
T setDateofDeath()
havebirthda . )
[age < 18] Y _[ child 0—»[ blank ]
S havebirthday() recordBirth()
[age — 18] V/SetDOB‘ !
havebirthday() . ) h 4 child
avebirthday .
[age < 65] _[ adult 4’@ when
v [thisyear-birthyear>18]
—T havebirthday() f dul )
[age = 65] adult
\ 4 \. J
havebirthday() . when
senior , vlthisyear-birthyear>65]
1 senior
recordDeath()
/setDateofDeath()

—»[ deceased ]—>©




StateCharts

» States

"interesting” configurations of the values of an object's attributes

may include a specification of action to be taken on entry or exit
States may be nested
States may be "on" or "off" at any given moment

 Transitions

Are enabled when the state is "on”; disabled otherwise
Every transition has an event that acts as a trigger

A transition may also have a condition (or guard)

A transition may also cause some action to be taken

When a transition is enabled, it can fire if the trigger event occurs and
its guard is true

Syntax:  event [guard] / action

« Events

occurrence of stimuli that can trigger an object to change its state
determine when transitions can fire



Superstates

-»States can be nested, to make diagrams simpler

% A superstate consists of one or more states.
& Superstates make it possible to view a state diagram at different levels of abstraction.

AND superstates

OR superstates
(concurrent substates)

° M A\ n
when the su.per's'rm‘e IS O.n ' * When the superstate is "on", all of its states
only one of its substates is are also “on"
w n
on * Usually, the AND substates will be nested
further as OR superstates
employed employed
[ probationary ] , on payroll
after[6monthsy | | mememem e ———— oo
[ full ] ( assigned )
\_ % \ | to project | /




Superstates example

idle

Callee disconnects

on hook
busy
A
Dial
[callee busy]
off hook > dial Dial
tone [callee idle]
on hook

on hook

>

ringing

Callee

connected




A more detailed example

| —

: )
.—>[ child |
/ adult
: ) J :
.—»[ working age ] " senior [ deceased
4 single 4 coupled

L’ [ u:n:irried ]

-

[ widowed I3

[ divorced ‘: I

.—»[ married ]

-

[ separated ]




States in UML

* A state represents a time period during which
* A predicate is true
* e.g. (budget - expenses) > 0,
* An action is being performed, or an event is awaited:
* e.g. checking inventory for order items
* e.g. waiting for arrival of a missing order item
- States can have associated activities:
- do/activity
* carries out some activity for as long as the state is "on"
 entry/action and exit/action
* carry out the action whenever the state is entered (exited)

* include/stateDiagramName

« "calls" another state diagram, allowing state diagrams to be
nested



Events in UML

« Events are happenings the system needs to know about
* Must be relevant to the system (or object) being modelled

* Must be modellable as an instantaneous occurance (from the system's
point of view)

E.g. completing an assignment, failing an exam, a system crash

* Are implemented by message passing in an OO Design

* In UML, there are four types of events:
* Change events occur when a condition becomes true
 denoted by the keyword ‘when’
* e.g. when[balance < 0]

* Call events occur when an object receives a call for one of its operations
to be perfomed

Signal events occur when an object receives an explicit (real-time) signal
 Elapsed-time events mark the passage of a designated period of time
* e.g. after[10 seconds]



(1) : The event of receiving a call for an operation that
is implemented by actions on state machine transitions.

* Call eventBUIEEETAIT

HsHBZRPIISEIEIN
Manual | startAutopilot( nommal) [ Automatic J

J ’fl
~ ~

"

11



(2) : The event of a Boolean expression becoming satisfied
because of a change to one or more of the values it references.

* Change event lBXEFwhen®k.

when( temperature > 120 ) / alarm()

!
|

l/-_h-\.l

L}
|
W

[ Idle |

* Change eventF1Zm5&14(quard

condition)BIX 5l :

TR R IERTHERATE
NANHI TR IR

HEHIEITE—IXR, WR(EEfalse,



(3) . An event that denotes the satisfaction of a time
expression, such as the occurrence of an absolute time or the
passage of a given amount of time after an object enters a
state.

 Time eventlXiE=af tertiwhenZ&.
151

‘: Active }

—_—
—

[ idle Ef-f""fgﬁer( 2 seconds ) / dropConnection()

—_—
—_—
T——

when( date = Jan. 1, 200“0’“)““‘ Active2

~




(4) : An event that is the receipt by an object of a signal
sent to it, which may trigger a ftransition in its state machine.

* Signal eventBNE A& FCall event—iE,

- EEREUE—IEEEN, BARFH—TRE—TRSEMN.



Checking your Statecharts

« Consistency Checks
 All events in a statechart should appear as:

 All actions in a statechart should appear as:

« Style Guidelines
* Give each state a unique, meaningful name
* Only use superstates when the state behaviour is genuinely complex
« Do not show too much detail on a single statechart
 Use guard conditions carefully to ensure statechart is unambiguous
Statecharts should be deterministic (unless there is a good reason)
« You probably shouldn't be using statecharts if:
« you find that most transitions are fired "when the state completes”
« many of the trigger events are sent from the object to itself
* your states do not correspond to the attribute assignments of the class



o —NEBEERAERD: source state, event trigger, guard
condition, action, target state.

o WF—MEEVIRES, BRRRBETTE— 1R, RN EREVIRS
H3EAY. AR NN ZENFEMZEE R,
1A

L °
event| x<0f]_ff .

( A “[f""é;gﬁt[ x=0] _| C |
| “

T—

__--_--_‘-——_
event[ x>0 ] "“---=-_;T D J




Statecharts & Relationship to Other Diagrams

 Events on the statechart diagram should appear as an incoming
message for the appropriate object on a sequence and
collaboration diagram.

RSB PRSI FE/ A EE T RIENAER

* A statechart diagram is prepared for every object class in the
Class Diagram with non-trivial behaviour.

RSEIR T RIREFEEEE T /ORISR TER

« Every event should correspond to an operation on the
appropriate class.

B EMIYIRESIERSRAI— 1 M E




Order Statechart Diagram

Start

Order

/get first item

get next item

[Not all items checked] [All items checked &&

all items available] )(

Checking

( do: check item|

Dispatching
l do: initiate delivery

[All items checked &&
some items not in stock]

Item Received Delivered

[all items available]

Waiting ¢
@< Delivered
Item Received

[some items not in stock]

Add a new state and separate transitions to the diagram to show that an order can be cancelled
at any point before it is delivered,



Supertransition BRI

* Where transitions may occur from several states to a single
state the Statechart Diagram may show this single state as a
Supertransition

ARHZ MRS RIS ER—MASENERRE N B RER

* e.g. a Purchase Order may be cancelled at any point prior to
delivery.

* This may be drawn with several transitions or by creating a
Superstate.

BRI AIERRRAZEER, BNZEIE—MERRE



Order Statechart Diagram: Superstates & Supertransition

Order Start

Superstate name

4

K /get first item

get next item
[Not all items checked]

[All items checked &&
all items available]

Active

| Checking

[ do: check item

[All items checked &&
some items not in stock]

Waiting

Item Received
K [some items not in stpck]

Item Received
[all items available]

’[ Dispatching ]

l do: initiate delivery

Delivered

~

cancellation l

[ Cancelled

Delivered ]




Complex Statechart Transitions

« Transition to superstate boundary = transition to initial state of the

superstate.
FBRHESNSBRIIRFN TIERHZASNSIISHIER

« entry actions of all regions entered are per'for'med

FrER T ZAESRSHIAOFEGRAIT

* Transition from a superstate boundary = transition from the final
state of the superstate
MNESRGBFEEHANIRHF N TNZEESRSHILS R HER

« exit actions of all regions exited are performed

ATE H OSBRI T
« There may also be transitions directly intfo a complex state region
(like program "gotos").
e EEREEAESIKSHFIRES



Nested (Super) States

Transmission

select R
o B

select N
select N ‘ |select D




Nested (Super) States

Transmission

select R .
select N
select N select D
4 Forward R
stop upshift upshift
S s
L downshift downshift )
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. A pseudostate whose
activation restores the previously active
state within a composite state.
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» HFOH*RYX 51 :
HRICEREINERNESINEHILE.
» H*aliE(HHTRENASIRSIIGE.

51l P SEIRZSRINIF

BackingUp
[ Command | —n
e query | =~ = Collecting ]
Y_\\q\ i

\ N
x\f Copying ]

e W
[ CleaningUp ]




« An is an executable atomic computation.
» —MEER— I ETHIRFITE,

17eBH
« tHERIRFRY, AaJ#piAY, EHiTHIE/e] ZREASTTRY,

- UMLFREAE EIRactionfNIESIST,, —HRERITKASEIrHYE
IINES KA,



o« FOFPYSFIRRIEINE: entry action (EANZIE) Flexit

action (IBHENE).

* Entrysi{E: HENRSEHHRITHEDD, BT

‘entry’ '/'action-expression

* ExitzghfF: IBREINSHIHAITRYESD, 1S3zU00F:

‘exit’ '/'action-expression

(E+ action-expression AJLA

NSNS0

Uin

JEIRTRASHY)

ElEl



2RI K RegistrationControllerf X & AR 7S [E]

AN

‘ Creation

S

[ courseCount = 4 ] / Set courseCq¢

Suspend

!

suspe

resume

’\[ courseCount < 4 ]

CourseSelection

Primary CourseSelection |

unt =

[ courseCount < 2 ]

SecondaryCourseSelection |

S

[ courseCount = 2 ]

o

L

L

Save

Submit




’Iklu\. E/JI ij:_.l'

- IEET?E: RIERSEEME. F:

\ mput( c)[ c I="<"]/return false

[ Waiting
put(c)[c ==
mput( c)[ c I=">"]/token.append(c); return false

GettlngToken

put( c )[c !=""]/body.append(c): return false
put( c)[ ¢ =& m

[ GettingBody ]

Sy

put( c )[ c==""]/return true




class MessageParser {
public boolean put(char c) {
switch (state) {
case Waiting:
if (c="'<){
state = GettingToken;
token = new StringBuffer();
body = new StringBuffer();
l})reak;
case GettingToken :
lf( — |>|)
state = GettingBody;
else
token.append(c);
break;
case GettingBody :
if (c=="") {
state = Waiting;
return true;

b

else
body.append(c);

return false;

§
public StringBuffer getToken() {

return token;
h
public StringBuffer getBody() {

return body;
h
private final static int Waiting = 0;
private final static int GettingToken = 1;
private final static int GettingBody = 2;
private int state = Waiting;
private StringBuffer token, body;

b
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« {5140: FHcancelled, closed, scheduled&ipBE4,

1Unl
piijij|




« FEENXIE3: EMKEAEESE,

« M\— MRS H SEATRIUEE TS EAVE A S<144E
BZ8w/mE Rk,

- 0, &x <0, x = OF0x > OIXHFAVEERSL
HE2EERHY, Mi&Ex <= 0F0 x >= OIXFFHYEE
s 2IER RRRY.
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s HEMFMNEBEAMNE, XPMTSRIETA?
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® produced [ Onsale ML packaging J
t |

packaged/addToDB

[6 days after checkout]/call ‘ AL Gt ‘ selected/checkout | Available ‘

m [4 qut]lca Il

- Overdue ‘

\

Y,

return
tapeOK]/makeAvailable

Checklin ‘

missingDuringlnventory/removeFromDB

[ 8 days after checkout elegateToCollectionAgency



« An is a special case of a state diagram
imn B RS ERYR

* in which all (or at least most) of the states are action or sub-
activity states

RS /IFFERNERYIET)

 and in which all (or at least most) of the transitions are
triggered by completion of the actions or sub-activities in the
source states.

2 IR SRV R KR A
(UML specification 1.5, pp3-156)



Activity Diagrams

* Activity diagrams describe activities which involve concurrency
and synchronization.

iasE T EIAH AR
 Variation of Statecharts that focuses on a flow of activity

driven by internal processing within an object rather than
events that are external to it.

SRESERIARETEXREIRNEBIESE, mARMEIERSE
.




Activity Diagrams

« Can be used

* To model business workflows (in business modeling for
instance).

RGN TIER(workflow)ZR, RINIERFHISITIEER,

« To describe a system function that is represented within a
use case or between use cases.

MWRFIIREER, TEHEIRLERTA— e —EHRGIRYIIRE

 In operation specifications, to describe the logic of an
operation.

MNEFREER, mdiEdiErdT.
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(1): FRABEFALERuse case®E

CD\

Make Part

%\Q/

Customer

L

**EH’JWJ?

Ship Part

Manufacturing



(2). B7&ED]

hanufacturing

Il)a'

Shipping

KRR B TR AZ

Customer

Part to Shipping

do/ Vefiry Quality
exit! Give to shipping

Package Part

entry/ VWrap Part
do/ “erify Address

o
eigh
Package

weight = 5 1b ]

[ weight <=5 Ib, ] Ship Next Day

entry/ Apply Shipping Label
exit/ Send to Customer

¥
Ship Second Day Air

exit/ Send to Customer

entry/ Applying Shipping Label /

entry/ “Verify Part
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I—'—:l-Z\ § I:I:l Egé_'l-_ Zlgdzﬁﬁ,u\

. Activity G&z)

e transition (4&%%)

« swimlane (Jki&)

* branch (93)

- fork and join (D' XFICE)
- object flow (XIEI7A)



* An represents the performance of task or duty ina
workflow. It may also represent the execution of a statement
in a procedure.

12BH:
* Action FlactivityBIX3l:
» Action2IFTH, MactivityaliH—350 M.



Activities (in UML 2.0)

Activities consists of action nodes, object nodes,
and control nodes linked by activity edges.

/ Validate and accept car sharer

?

Applicant

%[ Check details }

Parameter

-

Activity Name

Pre/post conditions\

(

[ Correct
problem

J

L

Send welcome | carSharer
pack to sharer |

g Activity final node

/

@ Flow final node



Actions

« Anaction represents an activity state in the execution of the activity.
An activity state normally contains an action expression and usually
has no associated name.

« Actions may be described by:
* Natural language
« Structured English
 Pseudo-code
* Programming language
* Another activity diagram

« An action expression may only use attributes and links of the owning
object.



More About Activity Diagrams

« Decision point/node:

Calculate . [cost < $50] a cu%?:rrr?eer’s
total cost / > > et

[cost = $50] f Get >

’\ authorization

« Dead end: there may be transitions in an activity diagram with no destination
state; this can mean that:

« Not all processing has been specified,
* Or, that another activity diagram will take over.



Swimlanes/ Activity Partition

* An activity diagram can be divided into swimlanes.

« A is a partition on activity graphs for organizing
responsibilities for activities.

e Each swimlane:

« Represents one focus of responsibility(3i1£[X) in the activity.
* May be handled by a distinct operation in one or more objects.

* The order of the swimlanes has no significance.



Swimlanes

swimlane




« A is an element in a state machine in which a single
trigger leads to more than one possible outcome, each with its
own guard condition,

—/\ 1.
« RO HIRFGA:
<Ca|culate > i Calculate :
total cost total cost
[ cost<*¥50] cost>=¥50] M [cost>=¥50] Get
i - — = Ny authorization >

Charge customer's Get
account authorization
[ cost<*¥50] / Charge customer's >

'\\ account
Fi i1 75352




¢ A is a complex transition in which one source
state is replaced by two or more target states,
resulting in an increase in the number of active
states.

e A is a transition with two or more source states
and one target state.



1ehA :
 FIAforkfljoina] LAFRTARFRF TS HAIHLIT.
Bl: forkF0joinfYfHI=F,

Process
Order

W

Fork
=N

Credit ) < Ship Order >
Account

Join

5N L

W

( Motify >
Customer




 5]: {sEREK
BERYGIF,

SSSSS

Request
Service

T

( Fill Order >




5. FRrEEEAE
FZEAZRIIIE,

main

Thread

Thread2

<Thread thr1 = new

Thread();

Thread thr2 =
new Thread();

( thr1 .;lt/arto; )

< thr2.start(; >

C thr1.run(; >

——

( thr1.join(; > e

thr2. join();
C D

/

%

xd thr2.run(; >




» EEEFALIHIINSR. IRELUEEIRTAEEEH,

« An on an activity diagram represents the
relationship between an activity and the object that creates it
(as an output) or uses it (as an input).



Customer Software Engineer

@
Y

TR (et )

Nf

defect < Fix Defect >
[Submitked] [~~~ - - =
¥
defect

[Fixed]




Example: Order Processing

« The Process Order use case:

"When we receive an order, we check each line item on the
order to see if we have the goods in stock. If we do, we assign
the goods to the order. If this assignment sends the quantity
of those goods in stock below the reorder level, we reorder
the goods. While we are doing this, we check to see if the
payment is O.K. If the payment is O.K. and we have the goods
in stock, we dispatch the order. If the payment is O.K. but we
do not have the goods, we leave the order waiting. If the
payment is not O.K., we cancel the order.”




Order Processing Activity Diagram

Receive
® ( Order >

\ 4

I p— e _
. | for each line

v y item on order
[failed] [ Authorize Check
| Payment Line ltem
Cancel [succeeded] [in stock]
Order
Assign to
Order

\ 4
]

[stock assigned to
all line items and . &gg?getrc])
payment authorized] v il

Dispatch Reorder
Order Iltem




With Swimlanes

Finance

?
g

v

*

Order

|
|
Order I ?

|
-
for each line

v item on order

payment authorized]
( Dispatch )
Order

Remainder

|
|
|
|
|
| |
I Choose '
Authorize | [failed] Check Outstanding !
Payment : - tam for each choserg eprems :
[succeeded] : %r%%?-l in stock] i order item - :
| Assign to Assign I
| Order Goods to |
| rder I
. — - |
[slf?_ck atssigned 0}0 : y v [need to [all outstanding T
all ine items an q ! reorder] | order items filled] v
|
|

|
I
I
( Reorder ) : Add
ltem |

0 S10C
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