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Petri nets

defined in 1962 by Carl Adam Petri, extend state machines
with a notion of concurrency

Execution (transition) of Petri nets is nondeterministic, since

multiple transitions can be enabled at the same time.

Petri nets 145 A, kA . (H2&Petri netsit—Fh EIf A
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Specification of Language (common)

A common technique for specification of languages

o firstly, define the syntax of the language,;
syntax defines what constructs exist in the language, and
how the constructs are built up in terms of other constructs.

o secondly, describe its static and dynamic semantics.

static semantics define how an instance of a construct should
be connected to other instances to be meaningful

dynamic semantics define the meaning of a well formed
construct
= well formed - fulfills the rules defined in the static semantics

= the meaning of a description written in the language is defined
only if the description is well formed
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Speciﬁcation of Language (graphic, such as UML)

A special technique for specification of graphic languages

o If the language has a graphic syntax, it is important to define
the syntax in a notation independent way

o firstly, to define the abstract syntax of the language
UMLAY A oA B 4 il 3 1k
o secondly, to define concrete syntax by mapping the notation
onto the abstract syntax

25 Y AR K Notation, ] LU B TEAL Bt AT DL SOAS
o thirdly, to describe its semantics

UML) 35 SO H AR TE 5 45 Y

UMLH constructs i A& 8 SO B85 S [l 25 H 1)
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Example: Action in Activities Language Unit

(% Part II - Behavior

language unit
[ 11 Actions / guag
=Y 12 Activities

% 12.1 Overview abstract syntax
[ 12.2 Abstract Syrtax /

=Y 12,3 Class Descriptions
@ 12.3.1 AcceptEventAction (as specialized)

=Y 12.3.2 action (from Completeactivities, Fundamentalactivities
IR Description class in language unit
[ attributes
E Associations
@ Constraints
[ Operatians semantics in natural language
[ Sermantics /
E Semantic Yariation Points
[ Motation
(% Exarmples
(% Rationale
[ Charges from previous UML
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Abstract Syntax

Behavior S e an abstract metaclass
(fromBasicBehaviors) (fromKernel)
+activity
{subsets owner}
Activity * ActivityNode an abstract class
0.1 +node
fubsets ownedEle me nt}

/\

. Action
Figure 12.2 - -

Fundamental nodes

= T2 1 Fundamental nodesiidili 4 51k
o ZIEVERIR R AL T Action i S iE VA
o Action % 1ETE B 2 5Kk AN TR B e X
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Concrete Syntax

Use of action and activity notation is optional. A textual notation may
be used instead.

Actions are notated as round-cornered rectangles. The name of the
action or other description of it may appear in the symbol.

«localPreconditiony
constraint

I - »
«localPostcondition» [\
constraint
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Semantics

The sequencing of actions are controlled by control edges and object flow edges within activities. which carry control and

object tokens respectively (see Activity). Alternatively, the sequencing of actions 1s controlled by structured nodes, or by
a combination of structured nodes and edges. Except where noted, an action can only begin execution when all incoming

control edges have tokens, and all input pins have object tokens. The action begins execution by taking tokens from its
incoming control edges and input pins. When the execution of an action is complete, it offers tokens in its outgoing

control edges and output pins, where they are accessible to other actions.

The steps of executing an action with control and data flow are as follows:

[1]

[2]

[3]

[4]

[5]

An action execution is created when all its object flow and control flow prerequisites have been satisfied (1mplicit join).
Exceptions to this are listed below. The flow prerequisite is satisfied when all of the input pins are offered tokens and
accept them all at once, precluding them from being consumed by any other actions. This ensures that multiple action
executions competing for tokens do not accept only some of the tokens they need to begin. causing deadlock as each
execution waits for tokens that are already taken by others.

An action execution consumes the input control and object tokens and removes them from the sources of control edges
and from input pins. The action execution is now enabled and may begin execution. If multiple control tokens are
available on a single edge. they are all consumed.

An action continues executing until it has completed. Most actions operate only on their inputs. Some give access to a
wider context. such as variables in the containing structured activity node, or the self object. which is the object owning
the activity containing the executing action. The detailed semantic of execution an action and definition of completion
depends on the particular subclass of action.

When completed, an action execution offers object tokens on all its output pins and control tokens on all its outgoing
control edges (implicit fork). and i1t terminates. Exceptions to this are listed below. The output tokens are now available to
satisty the control or object flow prerequisites for other action executions.

After an action execution has terminated. its resources may be reclaimed by an implementation. but the details of resource
management are not part of this specification and are properly part of an implementation profile.
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See ValuePin and Parameter for exceptions to rule for starting action execution.

If a behavior is not reentrant, then no more than one execution of it will exist at any given time. An invocation of a non-
reentrant behavior does not start the behavior when the behavior 1s already executing. In this case. tokens control tokens
are discarded. and data tokens collect at the input pins of the invocation action, if their upper bound is greater than one,
or upstream otherwise. An invocation of a reentrant behavior will start a new execution of the behavior with newly
arrived tokens, even if the behavior is already executing from tokens arriving at the invocation earlier.

Package ExtraStructuredActivities

If an exception occurs during the execution of an action. the execution of the action is abandoned and no regular output
is generated by this action. If the action has an exception handler. it receives the exception object as a token. If the action
has no exception handler, the exception propagates to the enclosing node and so on until it is caught by one of them. If an
exception propagates out of a nested node (action. structured activity node. or activity). all tokens in the nested node are
terminated. The data describing an exception is represented as an object of any class.

Package CompleteActivities

Streaming allows an action execution to take inputs and provide outputs while it is executing. During one execution, the
action may consume multiple tokens on each streaming input and produce multiple tokens on each streaming output. See
Parameter.

Local preconditions and postconditions are constraints that should hold when the execution starts and completes,
respectively. They hold only at the point in the flow that they are specified. not globally for other invocations of the
behavior at other places in the flow or on other diagrams. Compare to pre and postconditions on Behavior (in Activities).
See semantic variations below for their effect on flow.
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The Semantics Architecture

High-level behavioral
formalisms, other behavioral
formalisms may be added to

Activities

State Machines

this layer in the future.
Interactions

provides the foundation

Actions

for the semantic
description of all the
higher-level behavioral

Inter-Object Behavior Base

Intra-Object Behavior Base

formalisms

Structural Foundations

“behavioral formalism” refers

A schematic of rum-time se

to a formalized framework for
describing behavior, such as
state machines, Petri nets,

data flow graphs, etg.
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Review : Behavior Diagrams

Behavior
Diagram

T

Part |l: Behavior

: | ] 11. Actions
Activity UzsiCazs State Machine 12. Activities
Diagram Diagram Diagram ]
13. Common Behaviors
) 14. Interactions
mtc_eractfon )
Diagram 15. State Machines
;)
| | 16. Use Cases
sequence b
Diagram Diagram (cite in Table of Contents)
Communication Timing
Diagram Diagram
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]

Classes

|
]
CommonBehaviors
_________ T AR S
r |
~
TN S
Activities \
Interactions StateMachines UseCases
how a UML model
N behaves in a

model repository

Actions

The UML packages that support behaviora’ .odeling,
along with the structure packages they de¢ end upon are
shown in the figure above.

package dependencies specify repository dependencies
—————————— not necessarily run-time dependencies

|
|
|
|
|
|
— :
|
|
|
l
|
I
|
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Activity Modeling

Overview
o Activity Diagrams
o Change Summary
o Example

The core constructs and concepts in Activity

o Decomposition, Partition, Flows and Edge, Signal, Token, Data
Store Note, Pin, Expansion Region, Flow Final, Join

Discussion about concurrency in Activity
o compared with UML 1.5 Interleaving and true concurrency

Tian Zhang @ Nanjing University 19



Activity Diagrams

Activity diagrams are a technigue to describe procedural
logic, business process, and work flow.

Activity diagrams play a role similar to flowcharts

o the principal difference between them and flowchart notation is
that they support parallel behavior

Activity diagrams are redesigned radically
o significant syntax modification

o the main difference is switching from State Machine based
semantics to the token flow (Petri net like) semantics
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Changes Summary

Activity replaces ActivityGraph in UML 1.5.

Activities are redesigned to use a Petri-like semantics instead
of state machines

o this widens the number of flows that can be modeled,
especially those that have parallel flows

Activity also replaces procedures in UML 1.5, as well as the
other control and sequencing aspects, including composite
and collection actions.
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Provide Required Part

Expert
Part
Search
[part not

found]

Assign

Standards

Engineer

Standards
Engineer

Design
Engineer

[stream]

[stream]

Schedule
Part Mod
Workflow

Specify
Part Mod
Workflow

Review

Requirementsy

[reschedule]

Review
Schedule

Provide

[stream]

[stream ]

Execute
Part Mod
Workflow

Research
Production

Possibili

addt’] part
mod info
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Decomposing an Action

Actions can be decomposed into subactivities(M. Flower).

Note that Action is the basic unit and can not be decomposed,
SO we must think it as:

o Decomposition provide the flexibility so that user can substitute
an action with subactivity at the further design steps.

Actions have no further decomposition in the activity
containing them. [page 306]

o However, the execution of a single action may induce the
execution of many other actions.

o For example, a call action invokes an operation that is
Implemented by an activity containing actions that execute before
the call action completes.
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initial node
Recaive
Ordar
fork . _ Wy
Bl action
;¥
Send Invoice ]
_. flowiedge
T
[/
Receive
Payment

Figure ad.1
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Receive

Order
—_
method
,invosation
. Send Invoice .
Fill Order " )
. (Order::sendinvoice) ]’ activity mama
rake indicates I".
sub activity I/‘ : —-\I
diagram " L/ ‘
' 1| Deliver Receive Deliver Order
Order Payment
—== Regular Delivery
[else]
Order H-< > Order
Close = Ovarnight .
Order ; Dalivary e
input output
paramater parameter
A vy
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Partitions

If you want to show who does what, you can divide an
activity diagram into partitions

o partitions show which actions one class or organization unit
carries out.

In UML1.x, there are only one-dimensional partitioning;
In UML 2, you can use a two-dimensional grid.
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Partitions

«attribute» performingDept: Department

Order Department

Acctg Depa. ment

Order Department is
responsible for activities
in this partition

— |

=]

”

o 9[ Order Department &
Accounting Department
are attributes of the
behavior invoked in the
partitions

/nvoice is not a behavior,
so it does not need to
appear in a partition

Send
Invoice

Invoice

X
= =
o | 2
=1 5 Make Payment
= N
[m—— N
Customer
is external to the
domain
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Activity partition using annotation

(Order (Order
Department) Department)
‘ —| Fill Order Ship Order Department)

[order
accepted]

wexternal»
(Customer)

Make
Payment

(Accounting

=, | Department)
Send Invoice

(Accounting
Department)
Accept
Payment

Invoice
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Multidimensional swim lanes

«attribute» performinglocation:Location

Seattle I Reno

situated in Seattle

S
28
= E Receive Fill Ship ’ Close
4 Order Order Order
=
= [order “d
© accepted]

<

2 «externaly
A O £ ¥
@ o Send (Customer) Accept
=5 Invoice Make Payment Payment
°Z

3]

2

é .

Invoice Make Payment
has an overriding
partition

Tian Zhang @ Nanjing University
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Signals

A signal indicates that the activity receives an event from
an outside process

Signal is defined and organized in Communications unit

There are two main actions defined in Actions unit
o AcceptEventAction
o SendSignalAction

Signal
o X

Send signal action Accept event action Accept time event action

Tian Zhang @ Nanjing University 30



‘ Signals on an activity diagram

AcceptEventAction

time signal

"

% ﬁ[ Pack Bags  —
Two hours Leave for Airport
bafore flight =

Taxi
Arrivas
-+

teee accept signal

= In the case of above, 2 hours before my flight leaves, | need
to start packing my bags.
o If I'm quick to pack them, I still cannot leave until the taxi arrives;

o If the taxi arrives before my bags are packed, it has to wait for me
to finish before we go.
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Token

Token is introduced in UML2.0 from Petri nets
There are many descriptions about token and their production
and consumption, such as:

o The initial node creates a token, which then passes to the next
action, which executes and then passes the token to the next.

o At a fork, one token comes in, and the fork produces a token on
each of its outward flows.

o Conversely, on a join, as each inbound token arrives, nothing
happens until all the tokens appear at the join; then a token is
produced on the outward flow.

Unfortunately, | haven’t found separated conception
describing token in the Specification.
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Data Store Node

A data store node Is a central buffer node for non-
transient information.

Semantics

o Tokens chosen to move downstream are copied so that tokens
appear to never leave the data store.

o If a token containing an object is chosen to move into a data store,
and there is a token containing that object already in the data
store, then the chosen token replaces the existing one.
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Example

{weight=all}

Review

. wdatastorey
Hire - Per 1
Employee ersonne
database
«selectiony»
employee. e

assignment = null

Assign
Employee

Employee

Once a year

Data store node example

Tian Zhang @ Nanjing University
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Flows and Edges

= UML 2 uses the terms flow and edge synonymously to
describe the connections between two actions.

= Four ways of showing an edge:

Receive .,%[ Make
. -
Invoice | Payment
. connector
.| k'." - 1
Receive ~ ( : ) ( ) - Make
Invoice Payment
/ . object node . .
AT
i Make
HEGE.NE — Order —
Invoice Payment
. pin
. Order
Receive | & — Make
Invoice [~ ~ ] Payment
) Order
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Pins

A pin is an object node for inputs and outputs to actions.

You can use pins to show information about parameters
on the activity diagram

Order Order
Fill Shi ]
Order - > Ordgl-

triangle annotate
that an exception
comes out

/\ ""--\_r
g = \
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Expansion Regions

= An expansion region marks an activity diagram area

where

actions occur once for each item in a collection.

Each element of this
/ist then becomes a
token for input to the

Write Article action. all the tokens in the
[ Choose Topics J expansion region end up
expansion reglon in the output collection
keyword
\/ list of topics ¥
- -; - _D:I _______ -
I*--cun:urran'rn W

“\
L]
. I
Publish
Write Article H Review Article Fﬁﬁ‘ Newsletter
¥

e e e Y R e

’ .
- )
-------------------- - list box pin
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Abstract syntax of the expansion regions

StructuredActivityNode ObjectNode =<gnumeration==
(from Sructuredictivties) {FromBasic Aci viies) ExpansionKind
A A parallel
iterative
+inputElement L \
. R
+regionAsinput 1.7
0.1
ExpansionRegion ExpandonNode
mode : ExpansionKind
0.1 0.
+regionAsOutput +outputElement
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Flow Final

= A flow final indicates the end of one particular flow,
without terminating the whole activity.

R A 3 [ “mﬁ
B35 P 2 b

W list of topics
{1111}

«CONCUrrents

v

Write Article H Review Article

If an article is

rejected, the token
is destroyed by
the flow final

Publish
Mewsletter
[reject)

flow final
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Join Specifications

By default, a join lets execution pass on its outward flow
when all its input flows have arrived at the join.

In some cases, particularly when you have a flow with
multiple tokens, it's useful to have a more involved rule.

o tokenAMH R LI 3T A& D, i Hoa] EUACGER 9 U5 A 20E

o Activity DiagramsFlPetri netsH! [fjtoken SCAFE 5 A4

A join specification is a Boolean expression attached to a

join

o Each time a token arrives at the join, the join specification
IS evaluated,;

o If true, an output token is emitted.
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Example

Dispense
Drink

B

{joinSpec = A and B and
value of inserted coins >= price of selected drink}

Insert Coin

Select Drink  >—— A

join specification

whenever select a drink or insert a coin, the machine evaluates the
join specification

The machine slakes thirst only if putting in enough money
This also a typical scenario for multiple tokens usage
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Review

Provide Required Part

[part not
found]

Standards
Engineer

Design
Engineer

[stream]

[stream]

Schedule
Part Mod
Workflow

Assign
Standards
Engineer

Specify
Part Mod
Workflow

Review

Requirementsy

[reschedule]

Review
Schedule

Provide

[stream]

[stream]

Execute
Part Mod
Workflow

Research
Production

Possibili

addt’l part
mod info
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Parallelism or Concurrency

Parallelism in UML1.5 activities:

Trace: A, B||X, C||Y, Z

Tian Zhang @ Nanjing University
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Parallelism or Concurrency (2)

Parallelism in UML2 activities:

—> Y
—

g

®

Trace. A, (B,C) ,Z
I (X,Y)
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Parallelism or Concurrency (3)

Unrestricted flow patterns in UML2 activities (U2P) :

Trace:. A, (B,C) ,Z
| (XY)

—
I N

Tian Zhang @ Nanjing University
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Parallelism or Concurrency (4)

Changes from previous UML

o Fork nodes replace the old concepts with fork kind in UML
1.5 activity modeling.

o State machine forks in UML 1.5 required synchronization
between parallel flows through the state machine RTC step.

o UML 2.0 activity forks model unrestricted parallelism.
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e Fill Order, Send Invoice, and the
Receive . .
Order subsequent actions occur in
parallel

fork._____l__ _L action . .
| Essentially, this means that the

\/ ' ¥ sequence between them is
[ Sond Invoice J irrelevant
R o | could fill the order, send the
tmmw@“' e Flowledge invoice, deliver, and then
| ' receive payment;
[ Qe | Rogulr — 2 | could send the invoice,
. |_Payment | receive the payment, fill the
e order, and then deliver.
msr-;ge '-“f'
I-'jn-irl
Crder
e ),:\ Figure ad.1
@
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State Machine Modeling

Overview

A review of statecharts

o conventional state machine modeling
two main limitations

Harel Statecharts

o original Harel Statecharts

o object-based variant of Harel Statecharts
State Machines in UML2.0

o concepts and constructs

o diagrams

Tian Zhang @ Nanjing University
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Overview

State Charts/Machines in both UML1.5 and 2.0 are kinds
of object-based variant of Harel statecharts.

State Machines are essentially finite state-transition
system used for modeling discrete behavior.

In addition to expressing the behavior of a part of the
system, state machines can also be used to express the
usage protocol of part of a system.

Tian Zhang @ Nanjing University 49



Review of statecharts

Conventional state machine modeling techniques
o design of discrete-event system, such as reactive systems
Limitations

o the complexity of the state diagram increases dramatically
as the number of possible states increases

o lack of support for concurrent constructs

n] DU B R T AL SIS HLES SRR, Bl EDavid Harel
[r)Statecharts 2 By I ASLSIRSHLE, E1TEA BRI

TR AN

Tian Zhang @ Nanjing University
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Related work

= finite-state machines or state transition diagrams, for
o the user interface of interactive software;

the specification of data-processing systems;

hardware system description;

the specification of communication protocols;

computer aided instruction.

o 0O O O

Tian Zhang @ Nanjing University



State Machine Diagram

Used for modeling discrete behavior through finite state
transition systems

o In addition to expressing the behavior of a part of the system,
state machines can also be used to express the usage protocol of
part of a system.

Behavioral State Machines

o State machines can be used to specify behavior of various model
elements (e.g., class instances).

o An object based variant of Harel statecharts.
Protocol State Machines
o Protocol state machines are used to express usage protocols.

o Protocol state machines express the legal transitions that a
classifier can trigger.
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Kemel

I

Basi Behaviors

e

StructuredActivities

AN

\

\

Interfaces

BehaviorStateMachines

7

/

~

\ /

<<meérge==

PotocolStateMachines

{{mgrge::}

\ |/ 7

Package Dependencies

7 7

e
e
v

~

S~
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Change Summary

Metamodel refactoring

New core constructs added:

o Fully encapsulated submachines (entry/exit points)
o State machine specialization defined

o State machine termination
Q

Protocol State machines
Transitions with pre/post conditions
Protocol conformance between state machines

Notational enhancements
o Graphical notation for transitions
o State lists

Tian Zhang @ Nanjing University

54



activeEntry

O———:—

lift
receiver
/get dial tone

‘ Idle [=——@

caller
hangs up
/disconnect

Active

e-out
do/ play message

fTim‘j

dial digit(n)
[incomplete]

()

after (15 sec.)
after (15 sec.)

(" DialTone dial digit(n) w
dial digit(n)[invalid]

do/ play dial ton_%

callee
answers

¥ | Ringing
' Talking callee answers [ do/ play ringin

Pinned

dial digit(n)[valid]

F Invalid /connect
LdOf play messagﬂ (T’_‘,onnecting
busy connected
( Busy 1%

callee do/ play busy
hangs up tone

——

| ]
/enable speech tone _/

abort terminate

® aborted
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State

Description

o State in Behavioral State machines

A state models a situation during which some (usually implicit)
Invariant condition holds.

= The invariant may represent a static situation such as an object
waiting for some external event to occur.

= However, it can also model dynamic conditions such as the
process of performing some behavior

Three types: simple state, composite state, submachine state.
o State in Protocol State machines

A protocol state represents an exposed stable situation of its
context classifier

users can always know the state configuration.
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Simple State

= Simple States are states in general, the following applies
to states in general:

a

Active states

State entry and exit
Behavior in state (do-activity)

Deferred events
State redefinition

Tian Zhang @ Nanjing University
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‘ Notation

Ty ping
Password

Typing Password

general shown, with
the name inside

Optionally, it may
have an attached
name tab

A state may be subdivided into
multiple compartments:
e name compartment

4 Typing Password N e /nternal activities compartment

entry / set echo invisible
exit / set echo normal
character / handle character
help / display help

e /nternal transitions compartment

,/
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Composite state
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Notation

/ Dialing

~

/

( Star ) digitn) ( Partial Dial ) [number.isValid()]
entry/ start dial tone ‘ entry/number.append(n) }©
exit/ stop dial tone /
J/
digit(n)
\ ——EEEEER.

(" HiddenComposite Composite State

W| with hidden

entry / start dial tone
exit / stop dial tone

OO

decomposition
/ndicatoricon

N

Tian Zhang @ Nanjing University
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orthogonal state

with regions
CourseAttempt

hY

\

Studying

Final Test |

)

fail
{ Failed J [ Passed /
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Submachine state

A submachine state is semantically equivalent to the
composite state defined by the referenced state machine.

What difference?

o Entering and leaving this composite state is, in contrast to
an ordinary composite state, via entry and exit points.

o A submachine composite state machine can be entered via
its default (initial) pseudostate or via any of its entry points

pseudostate has the same meaning as for ordinary composite
states.
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Notation

event “errorl” will

terminate on entry

point “subl”

N

error1/ \

error3/

taking of the default

transition of the

FailureSubmachine

~

HandleFailure:

~

FailureSubmachine

sub1

taken as a result
when reaching
its final state

-/

subEnd
~—®

execute the “fixed1”

behavior in addition to

what is executed inside

K;aned 1
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Internal Activities

Typing

entry/highlight all
exit/ update field
character/ handle character

help [verbose)/ open help page
help [quiet)/ update status bar

internal events

shown with the

typing state of a
text field

States can react to events without transition, using internal
activities: putting the event, guard, and activity inside the state

box itself

An internal activity is similar to a self-transition
o They are both transitions that loop back to the same state
o However, internal activities do not trigger the entry and exit

activities

Tian Zhang @ Nanjing University
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Activity States

= Activity states are defined as Internal activities

= Activity states are such states in which the object is
doing some ongoing work.

= The ongoing activity is marked with the do/ ; hence the
term do-activity.

o do/ identifies an ongoing behavior (“do activity”) that is
performed as long as the modeled element is in the state or
until the computation specified by the expression is
completed
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Example

=
Update search |f Searching
Hardware
i

Window r|\ dov search for new hardwar
vy o

T activity
cancel

'l

p
Display New }

Hardware

Window
LY

The Searching state in Figure is an activity state

o Once the search is completed, any transitions without an activity,
such as the one to display new hardware, are taken.

o If the cancel event occurs during the activity, the do-activity is
halted, and we go back to the Update Hardware Window state.
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Pseudostate

A pseudostate Is an abstraction that encompasses
different types of transient vertices in the state machine
graph.

Ten kinds of pseudostate:

o An initial pseudostate represents a default vertex that is the

source for a single transition to the default state of a composite
state.

o deepHistory represents the most recent active configuration of
the composite state that directly contains this pseudostate.

o shallowHistory represents the most recent active substate of its
containing state (but not the substates of that substate).

0 join vertices serve to merge several transitions emanating from
source vertices in different orthogonal regions.
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Pseudostate (2)

fork vertices serve to split an incoming transition into two or more
transitions terminating on orthogonal target vertices.

junction vertices are semantic-free vertices that are used to chain
together multiple transitions.

choice vertices which, when reached, result in the dynamic
evaluation of the guards of the triggers of its outgoing transitions.

An entry point pseudostate is an entry point of a state machine or
composite state.

An exit point pseudostate is an exit point of a state machine or
composite state.

Entering a terminate pseudostate implies that the execution of
this state machine by means of its context object is terminated.
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Notation

®  ® <

Initial Pseudo State  Shallow History Deep History Terminate node

Process

---------------------- f

Fork and Join
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e2[b < 0]

State2

Statel

State1

State3

Junction Pseudo State

< <

again O

Entry point
®ab0l‘ted
Exit point

b b

[<10] [ >=10] na=iol

Choice Pseudo State
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State redefinition

A simple state can be redefined (extended) to become a
composite state (by adding a region)
a composite state can be redefined (extended) by adding

regions and by adding vertices, states, entry/exit/do
activities and transitions to inherited regions.

The redefinition of a state applies to the whole state
machine.

o For example, if a state list as part of the extended state
machine includes a state that is redefined, then the state
list for the extension state machine includes the redefined
state.
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Redefinition by Specialization

= as part of class specialization

ATM Behaviour
acceptCard()
outOfService()
amount()
FlexibleATM Behaviour
otherAmount()
rejectTransaction()

Statemachine

Statemachine

Tian Zhang @ Nanjing University

72



State Machine of General Class

ATM |

° VerifyCard
 {final}
acceptCard
. |outOfServic
OUtO.f Service ﬁ ReadAmount
{final}

releaseCard

VerifyTransactionM ReleaseCard
{final} {final}
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‘ State Machine Specializations

FlexibleATM {extended} | g

ReadAmount {extended} -

otherAmount

[ SelectAmount } l .
@)< f EnterAmount]
ok L

N

rejec{Transaction

Verify Transaction

States and transitions can be
added

States can be extended

Regions can be added, and
regions can be extended

Submachine states can be
replaced

Transitions can be replaced or
extended

o Actions can be replaced
o Guards can be replaced
o Targets can be replaced

Tian Zhang @ Nanjing University
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Transition

The transition indicates a movement from one state to
another.

Each transition has a label that comes in three parts:
trigger-signature [guard] / activity.

o The trigger-signature is usually a single event that triggers a
potential change of state.

o The guard, if present, is a Boolean condition that must be true for
the transition to be taken

o The activity is some behavior that's executed during the transition.
It may be any behavioral expression
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All three parts to a transition are optional

A missing activity indicates that you don't do anything
during the transition.

A missing guard indicates that you always take the
transition if the event occurs.

A missing trigger-signature indicates that you take the
transition immediately.

o It's rare but does occur, which you see mostly with activity
states
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Presentation options
Receive signal

[ Idle j action

choice |
pseudostate Req(Id) < Send signall
[14>10] action
[Id==10] \
Minor(Id) > Major(Id)>
: : Action
junction d/ /
pseudostate

MinorReq =1d:| |MajorReq = Id:

|

A

Symbols for Signal Receipt, Sending and Actions on transition
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Deferred Events

A state may specify a set of event types that may be
deferred in that state.

An event that does not trigger any transitions in the
current state, will not be dispatched Iif its type matches
one of the types in the deferred event set of that state.

o Instead, it remains in the event pool while another non-
deferred event is dispatched instead.

o This situation persists until a state is reached where either
the event is no longer deferred or where the event triggers
a transition.

Tian Zhang @ Nanjing University
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4 N
| |

-.\\ Machine /-
\ If the event occurs, it is saved
furnOn > and it recurs when the object
transitions to another state,
P \L where it may be deferred again.
(Brewcoffee When the object reaches a
\ light goes out / defer | ) . .
N / state in which the event is not
H deferred, it must be accepted
7 Get Cups ™ or lost.

‘. light goes out / defer d/f'

( Pour Coffee

o

Deferred Trigger Notation
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Behavioral State Machines

There are no separate sections in Specification for the
Behavioral State Machine.

It can be seen as general state machine.

Based on this Behavioral State Machines, the Protocol
State Machine is given.

Tian Zhang @ Nanjing University
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Protocol State Machine

= The states of a protocol state machine (protocol states)
present an external view of the class that is exposed to
Its clients.

= The protocol state machine defines all allowed transitions
for each operation.

o The protocol state machine must represent all operations
that can generate a given change of state for a class.

o Those operations that do not generate a transition are not
represented in the protocol state machine.
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Notation

Keyword

Transition

Door {protocol})

d

oorWay -> isEmpty] Close/

open/

closed

lock/

<—

(lockes }—

unlock/
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ProtocolTransition

A protocol transition specifies a legal transition for an
operation.

Transitions have the following information:

o a pre condition (guard),

o on trigger,

o a post condition.

The associated (referred) operation can be called for an
Instance in the origin state

Under the initial condition (guard), and that at the end of
the transition, the destination state will be reached under
the final condition (post).
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Notation

The difference Is that no actions are specified for protocol
transitions, and that post conditions can exist.

[precondition] event / [post condition]

N

Tian Zhang @ Nanjing University
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Example

A protocol transition can be semantically interpreted in terms
of pre- and post conditions on the associated operation.

1. The operation “m1” can be called on an instance when it is in the
protocol state “S1” under the condition “C1.”

2. When “m1” is called in the protocol state “S1” under the
condition “C1,” then the protocol state “S2” must be reached
under the condition “C2.”

[C1Im1/[C2]
[ S1 } >(L S2 }

Example of a protocol transition associated to the "m1" operation
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Note that

A protocol state machine specifies all the legal
transitions for each operation referred by its transitions.

This means that for any operation referred by a protocol
state machine, the part of its precondition relative to
legal initial or final state is completely specified.

[C1]m1/[C2]
[ S1 J 3?{ S2 J
( = } [C3]m1/[C4] }(L . J

Tian Zhang @ Nanjing University
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‘ Protocol State Machines

A

heck()
onGround c
[ )

Equivalent to pre and post conditions
added to the related operations:

Operation:
L4fiecked Pre
[cleared for take off]
takeOff()
/[landing rear is retracted] Post
[ fying

land()

takeOff()

-in state "checked"
-cleared for take off

-landing rear is retracted
-in state "flying"
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Concurrency in State Machine

/ CourseAttempt \

/ Studying

)
HF Term Project J project done }@
& . FnalTest) pass . @
J @

-
k fail { Failed J | Passed /
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Concurrency in State Machine (2)

| Setup

o

Process

j%( CIeanupJ
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—

Tarel Statecharts

A broad extension of the conventional formalism of state
machines and state diagrams

Harel Statecharts extend conventional state-transition
diagrams with essentially three elements, dealing with
the notions of hierarchy, concurrency and communication.

In a nutshell, one can say:
statecharts = state-diagrams + depth
+ orthogonality + broadcast-communication
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Concurrency by Orthogonality

AND decomposition

Being in Y entails being in some combination of B or C with E,
ForG

o Entering Y by default is actually entering the combination (B, F)
by the default arrows.
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AND-free equivalent

B or C with
E,ForG

This is the equivalent to the last orthogonal diagram
o It's hard to read with more states and transitions
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Overlapping states

2

A and D are now related by OR, not XOR

o too much of this kind of overlapping will burden the
specification

Tian Zhang @ Nanjing University

93



Example

state A, with
substates, internal
transitions, etc., that
‘lives alone’ under
some circumstances,
but is joined in
‘orthogonal marriage’
with a state B under

others.
A J | B =
c | ! @ I
| |

!

' -

| @ special new state
I

I

]

@
o

()
[

|

that says ‘this is
not really a B
state at all’
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Example (2)

the B -entrance is
an entrance to
the product of A,
and B

w -exit has
a -entrance is the condition
an entrance e -exit leaves about being in
to A, alone D regardless B attached

of B
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Recommended Reading

Ly, o EWLE EHEAE X, 1992
Glynn Winskel, The Formal Semantics of Programming
Languages, 1993

David Harel, Statecharts: A Visual Formalism for
Complex Systems, 1987

W. Reisig, Petri Nets: An Introduction, 1985
A. Pnueli, The temporal logic of programs, 1977
R. Milner, A Calculus of Communication Systems, 1980
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Thanks /
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Appendix

Timing aspect in Sequence Diagrams and Timing
Diagrams

o There are also timing description in Sequence Diagrams

o timing description in Sequence Diagrams can be translated
Into Timing Diagrams
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