Behavior Modeling

¥ Class models express properties that are
true of a system at all times

¥ Although they are general, they fail to
convey Interesting behavioral aspects of
systems
b That is, how objects respond to external stimuli

¥ A variety of alternative modeling techniques
are available in UML for behavior modeling

b Use case diagrams, sequence diagrams,
statechart diagrams, activity diagrams, timing
diagrams, interaction overview diagrams,
communications/collaboration diagrams



Modeling Alternatives

¥ Combinatorial ¥ Concurrent Control
Control P State charts
P Decision tables P Petri Nets
bDeclision trees P Activity diagrams
¥ Sequential Control b Sequence
P State transition diagrams
tables b Collaboration
P Finite state diagrams
machine b Temporal logic
P Process algebra




Combinatorial Modeling

¥ The simplest form of behavior modeling
merely expresses the logic of simple
combinatorial systems

¥ In these systems, only the inputs, and not
the history of previous states determines
subsequent states

¥ Two equivalent forms of combinatorial
modeling are decision tables and decision
trees



Decision Tables

¥ One common way to model control is with decision
tables. They are used when a number of possible
Input conditions hold and a number of responses are
possible

¥ The conditions are called inputs and the responses
are called outputs

¥ The input side of the table enumerates all possible
combinations of conditions. For example, if each of
three switches can have one of two possible values,
"on" or "off", then the table will contain three columns
and eight rows

¥ Likewise, If the three switches control two output
devices (one switch is a master override) then there
will be two output columns (along with the eight rows
from the input).



Example Decision Table - 1

INPUT Output

Master | Light | Power
Control | Switch | Switch

ON ON ON ON ON
ON ON OFF ON OFF
ON OFF ON OFF ON
ON OFF OFF OFF OFF
OFF ON ON OFF OFF
OFF ON OFF OFF OFF
OFF OFF ON OFF OFF
OFF OFF OFF OFF OFF

Lights | Motor




Condensed Decision Table

¥ Note that the last four rows of the output are
iIdentical. The table can be shortened by making
use of "don't care" entries. A don't care entry is
iIndicated by dashes in an input cell

INPUT Output
Contral| Swich | Switen | Liaht | Motor
ON ON ON ON ON
ON ON OFF | ON  OFF
ON OFF ON | OFF ON
ON OFF OFF | OFF OFF
OFF - - | OFF OFF




Decision Trees

¥ A decision tree contains the same
Information as a decision table, but In
graphical form

¥ There are two kinds of nodes

b Diamonds denote decisions

b Rectangles denote actions to be taken
¥ Labeled arcs indicate the implications

when a decision Is answered In a
particular way (affirmative or negative)

¥ Note that some nodes may be duplicated
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Incorporating History

¥ Combinatorial descriptions suffice when
time is not a factor; that is, when the
history of previous system activities does
not affect future behavior

¥ Many systems, however, do have this
property, and a useful abstraction for
reasoning about such systems is the idea
of state

¥ Systems with state are called finite state
systems and can be modeled with finite
state machines and their variants



States

¥ A state Is an abstract summary of the set of
values for system attributes at a given
instance

¥ A condition or situation during the life of an
object during which it satisfies some
condition, performs some activity, or waits
for some event - UML Reference Manual

¥T
O

¥T

ne state of a system varies as it performs
perations

ne set of all possible states of a system is

called its state space
¥ What is the size of a state space?



KK

Events

At any given moment, an object is in exactly one
state

An object's state can change in response to a
stimulus; for example, the execution of an operation

The term used to describe an atomic stimulus Is an
event

The event can lead to a change of state, called a
transition

Events can be synchronous or asynchronous

Events can occur as the results of actions (the user
hits a button), data conditions (the temperature gets
above 90j) or the passage of time



UML Event Taxonomy

¥ Signal (asynchronous notification)

¥ Method call (synchronous operation
Invocation)

¥ State change (continuously monitored)
¥ Time passage



State Transition Table (STT)

¥ Rows correspond to states, and there are four

columns

P Name

b Input event; a given state may need to have
several rows, one for each allowable input event

b Output actions

P Next state

¥ That is, a state transition table captures the
iIdea that a system in a given state receives
an input event, takes action upon it possibly
producing an output and then moves into
another state



STT for Garage Door Opener

Current State

Input

Action

Next State

Door Closed :
Button Pressed Start Motor Motor Running Up
Motor Off
. Door Open Door Open
Motor Running Up Stop Motor
Detected Motor Off
. Door Partially Open
Motor Running Up Button Pressed Stop Motor
Motor Off

Door Partially Open

Button Pressed

Start Motor

Motor Running Down

Motor Off
Door Open :
Button Pressed Start Motor Motor Running Down
Motor Off
: Door Closed Door Closed
Motor Running Down Stop Motor
Detected Motor Off

Motor Running Down Button Pressed Stop Motor Door Partially Closed Motor Off

Door Partially Closed
Motor Off

Button Pressed

Start Motor

Motor Running Up




Variants on State Transition Tables

¥ Note that the four factors represented in an
STT can be presented in a variety of ways
I Row and column are state and input;
contents are action and next state
I Row Is state, column is next state; content
IS Input and action
¥ The most common variant, however, Is to
express state transitions in a diagram called a
state transition diagram



State Transition Diagrams

A system's states and events are most commonly modeled as a
finite state machineba directed graph, where nodes correspond
to states, and arcs correspond to transitions

Diagrams denoting finite state machines (FSMs) are called State
Transition Diagrams

State are denoted by labeled bubbles (ovals or rectangles)

A state transition diagram is always in exactly one state (i.e. itis
deterministic). When an input event occurs, the machine moves
to another state and (optionally) performs an action

States are connected by labeled directed arcs denoting the
transitions among the states

The labels on the arcs consist of two parts. The first is the event
provoking the transition. The second is any action performed
during the transition

State transition diagrams contain exactly the same information as
state transition tables

b The layout of nodes and arcs has no semantic import



Example: Garage Door Opener

button pressed/
start motor

Door Closed
Motor off

door closed detected/
stop motor

/
start motor

A

Motor Running

Up button pressed/

Door Partially Closed
Motor off

stop motor

Door Partially Open
Motor off

door open detected/
stop motor

button pressed/\A

start motor

Door Open
Motor off

button pressed/
stop motor

Motor Running
Down

utton pressed/
start motor



Notes

¥ Transition arcs have two parts, either of
which may be empty

b First is the event stimulating the state
transition

b Then comes an action that is performed as
part of the transition

P The two parts are separated by a / in this
diagram

b Sometimes they are aligned vertically with a
horizontal line separating them



Example: Telephone

quber
Number > dialed
dialed
DIALING
Handset Handset La d_ufnber
lifted p|aced laled
Handset
replaced Line
In use
Handset
replaced Callee
Handset answers
replaced
Callee

hangs Up



Notes

¥ One of the states, ON HOOK, is denoted
with concentric circles. In this case, it
Indicates that the state is the initial state of
the system

¥ The DIALING state has a transition back
to itself

b The fact that dialing itself has many states
has been abstracted out of this diagram

¥ There Is a great deal of duplication in the
diagram



Problems with State Transition
Diagrams

¥ Too many arrows
P n? (with n states and n events)

¥ Too many states
P 2™ (with m concurrent activities)

¥ No concept of abstraction/nesting



Statecharts

Examples from the URM and the Harel paper

One problem with finite state machines is the explosion
In the number of states that occurs when several
Independent activities are going on simultaneously

Also, traditional state transition diagrams provide no
mechanisms for abstraction, the grouping together of
related states that are relatively independent from the
other states in a system

David Harel developed an extension to finite state
machines called statecharts to overcome these
difficulties

Statecharts have been added to UML to support
behavioral modeling of reactive systems



Statechart [ e ]
lcons N

OffHook / dropConnection

¥ State: roundtangle \< rctive )

b May have names

¥ Transition: solid line with open arrowhead
b May be labeled
b May have actions

¥ Default (initial) state: o

¥ Final state: @4—



Statechart Extensions to FSMs

¥ Depth (composite sequential state machines)

¥ Concurrency (composite concurrent state
machines)

¥ Broadcast (definition and generation of new
events)

¥ Default states (initial and final)

¥ Conditional (guarded) transitions
¥ History

¥ Entry/exit actions/activities

¥ Event parameters



Statechart Nesting

(a) (b)

¥ Aline exiting from a composite state (d) stands for a set of
lines coming from all of its interior nodes (e.g. f)

¥ Aline entering a composite node from its exterior implicitly
terminates at its default interior node (h)



Example

tooCold(desiredTemp)

tooHot(desiredTemn)
atTemp

4 a N

Heating
Activati
. tooHot(desiredTemp) @
sooing ready / turnOn

\tooCold(desiredTemp)




Examp
®

cardinserted

sy
\

maintain

Maintenance

le

4 N

Active

Validating

[continue]

entry / readCard

Processing

[not continue]

¥ Note guards

exit / ejectCard

¥ Entry actions occur on state entry
¥ Exit actions occur before leaving



Concurrency

(O f%@é@

¥ Concurrent execution in traditional FSMs
multiplies the number of states needed for
modeling

¥ Statecharts use dashed lines to separate
concurrent machines



Statechart
Concurrency

(a)

¥ Joins and splits denote and

¥ Guarded transitions with square brackets
and predicates (in)



e Example

maintain

y

fMaintenance \

Testing

Testing devices Self diagnosis @

GED GED GED GED GED EED GED GED GED GED GED GED GED EED GED GED GED GED EED GED GED EED GED GED GED GED EED GED GED EED GED D D

[continue]

Commanding
keyPreSSL [not continue]
Waiting > Command @




Broadcast
(Cascaded)
Events

¥ Transitions can cause new events to take place
¥ They appear after a slash

¥ How many different transitions might be the
result of event n?



Special Transitions:
Time and Change Events

when: (11:49)/ SelfTest

after: 2 seconds/ dropConnection _
|dle f K Active

¥ Time: after 2 seconds

¥ Change: when time = 11:59
P Boolean
P Continuous evaluation




Example Transitions

after: 2 seconds/ send c.isAlive

m/ \ noise \ J
ldle | Searching Engaging

)

targetAt(p)[isThreat] / t.addTarget(p)

\\ contact
J

A

Tracking Engaged J

¥ Note event parameter (p)



History
States

4

~

BackingUp

AW

Command

¥ Upon second and subsequent
entries into BackingUp, the
system will commence in the
state issuing the last query

¥ The concept of deep history
(H*) is also supported. This
mechanism takes into account
state nesting

/

ﬂ Collecting

Copying
CleaningUp

~




Complete UML State Description

¥ Entry action \( Tracking A

T

¥ Exit action
\\ entry / setMode(onTrack)

¥ Internal transition - exit / setMode(offTrack)
newTarget / tracker.Acquire()
¥ Activity ~ do/ followTarget
~___—selfTest / defer

¥ Deferred events —




Notes

State machine for a class can be inherited from a
superclass. What does this mean if the subclass also has
a state machine?

Actions are atomic behaviors; that is, they do not take any
time and therefore have no semantic implications on the
statechart

b Entry actions are performed outside in; exit actions inside out

Activities are behaviors requiring significant duration
b The word activity is longer than the word action

Deferred events are delayed as far as this state's
processing is concerned

Internal transitions have actions, but do not result in a
change of state

D No entry or exit actions take place



Complete UML
Transition Description

¥ Source state

¥ Trigger event (may be null)

¥ Guard (boolean) (may be null)

¥ Action (may be null)

¥ Target state

¥ (Forks and joins allowed in diagram)



Relationship to Class Diagram

¥ Each class may have a statechart
¥ Signals may appear on class diagrams

¥ Dependency exists between class that can send
a signal and the signal class

¥ Recelvable signals can be placed in an extra
class compartment

MovementAgent
CsignalE CsendE |position
ColliSion & e e e m, VEIOCY
In force : float moveTo()




UML Event Taxonomy

¥ Signal (asynchronous notification)

¥ Method call (synchronous operation
Invocation)

¥ State change (continuously monitored)
¥ Time passage



UML Signals

¥ Asynchronous communication between
objects

¥ Just another class

¥ <<signal>> stereotype

¥ May have parameters

¥ May have sub/superclasses

«signal»
OffHook




Harel'
Digital
Watch
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High-Level View of Digital Watch

1
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Stop Watch State

stopwotch



Displays State




Petri Nets

¥ Long-standing graphical notation for expressing
process synchronization

¥ States are called nodes or places
b Denoted by circles
b Can contain tokens

¥ Arcs carry tokens between states

¥ Bars denote transitions

b Bar can't be passed unless all adjacent incoming
states contain tokens

b Tokens merge on fan in; replicate on fan out
¥ Expressible in UML via Activity Diagrams



Token Merging

Before After



Conveyor Belt Synchronization

OO
ol

Truck arrives at | Paperwork Conveyor belt B Conveyor belt moving B Finished goods
loading dock with processed moving raw good finished goods from loaded on truck
raw goods from loading dock to factory to loading doc

warehniice



BoxOffice::ReceiveOrder

UML
! Activity
D

Diagram
Example

¥ States

¥ Completion transitions
¥ Object flows (not shown)
¥ Swim lanes (not shown)




¢ : Client

{transient}

p : ODBCProxy

<<create>>

» : Transaction

setActions(a, d, 0)
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setValues(d, 3.4)
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Temporal Logic

¥ Family of extensions to predicate logic

¥ Assertions over sequences of states (traces) of
desirable system properties
b E.g. freedom from deadlock

¥ Both liveness (progress) and safety
(correctness) properties

¥ Operators
b Always (A)
b Eventually (<)
b Next time (°)
b Until (U)



Process Algebra

¥ An algebraic approach to the study of concurrent
processes. Its tools are algebraical languages for the
specification of processes and the formulation of
statements about them, together with calculi for the
verification of these statements. -- Van Glabbeek

¥ CCS, CSP, etc.

¥ Operators
b Parallel (||)
b Sequential (;)
b Input (?)
b Output (1)
b Become (—)
b Select (Alt)



