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Modeling Behavior




System Behavior

= Behavior defines the dynamic relations between
compone NS (calls and information exchanged )

= System dynamics deals with system changes over
time.

* The dynamic aspects of a system is the
complement to the static aspects.




What Do We Want to Capture?

* What happens between the components of the
system?
— In standard environments
— In exceptional situations

* When it happens?

— What are the cause/effect relations

* How it happens?
— How events are ordered
— How events are related




Modeling Behavior in OPM

* Thereis one diagram type in OPM which is designed to
incorporate structure and behavior in one coherent frame of
reference.

* OPM balances between the structural and procedural aspects of
the system.

* OPM address the basic principles of the dynamics aspect of a
system - Its behavior and the changes it undergoes over time.

* How OPM can be used to model this aspect?

V — procedural links (Transforming links & Enabling links)
— Events (object related, time related-process invocation links)
— Condition

\/ — Time line: flow of control (implicit invocation links)




Procedural Links
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* Transforming — 4 transformee of a process

effect

is an object that undergoes a transformation as a
result of the occurrence of the process. The

consumption

transformation can be construction, effect

construction

(change of state) or consumption.

* Enabling - Anenabler of a process is an

object that must be present in order for that
process to occur, but is not transformed as a
result of the occurrence of the process.

agent

instrument

NN R
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Event link




An Event Is What Triggers a Process | /@ ,}

" A process cannot start spontaneously.
"For a process to start executing, it needs to be triggered.

"|n other words, it must get a signal telling it "start
executing!“

= An event is a significant point in time from the system's
perspective.
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An Event Is What Triggers a Process | /@ ,}

By definition, an event is a time-related concept.

Hence, like processes, events happen rather than exist.

However, unlike a process, which takes a non-zero
interval of time, an event is a point in time; it does not
span across a time interval.
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The Event Link

= An event link is an abstract procedural link

As soon as the object

o from an object B to a processP | E —“*‘® e the o

once an object enters

o from state s of B to a process P = —=(® ) thestate, it triggers

the process

the value, it triggers
the process

o from value v of B to a process P B once an object equals
P ENED

= The event link is denoted by small letter é, standing
for event.
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The Event Link

* There are two types of event links:

. . . B triggers P.
o consumption event link B ——r=-® P consumes B.
Object is consumed
] ] 5 @ B triggers P.
o enabling event link [—* P requires B.

Object remains unchanged

= They are combinations of event link with a consumption and
an enabling links, respectively.

Can Construction or effect link serve as event links too? explain

a-é-__@ 54-—::-@
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The Event Link

* There are two types of event links:

. . . B triggers P.
o consumption event link B ——r=-® P consumes B.
Object is consumed
] ] 5 @ B triggers P.
o enabling event link [—* P requires B.

Object remains unchanged

= They are combinations of event link with a consumption and
an enabling links, respectively.

Can Construction or effect link serve as event links too? explain
b ]
e =D e G _f
Ii.; ‘ "':.,-_“"l -
i : itrngersA. }/ ‘xv)
consumes B. —

A vields B. 14




Consumption (Transforming) Event Link Example

* The first type of event link is the consumption event link.

Boyscout
3 Igniting )~—3 ponfire
A

/ Match M

" The presence of Match is the event that triggers Igniting,
which yields Bonfire.

= Match is consumed, as indicated by the consumption event
link from Match to Igniting.
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Consumption Event Link Example

Add
Click
Event

ltern Adding

Mew ltem P a— Mew ltem A
Farm Data Farm Filling &

L
Data Valid:
Data Checking |————> [?Es J [ - J
rad

ltem Fecord
Creating

What if Data
is NOT valid?

[tem Set

A

| Add Click Event triggers New Item Form Filting.

[tem
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Consumption Event Link Example

Add
Click
Event

ltern Adding

Mew tem < Mew ltem
Form Data Farm Filling

[tem Set

L
Data Walid:
Data Checking |——= [?Es J [ o }
ra

ltem Fecord
Creating

A

[tem

| Add Click Event triggers New Item Form Filting.
Data Vahdr tnggers New Item Form Filling when 1t enters no.

New Item Form Filing consumes etther no Data Vahdr or Add Chck Event.
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Loop flow
with consumption event links

Loop
Frocessing

Loop
Frocessing

Entering Condition Entering Condition

The same effect (Why?).:

94 ‘\‘-_




Instrument (Enabling) Event Link Example

* The second type of event link is the instrument event link.

= The presence of Flint Stone is the event that triggers Igniting,
handled by the agent Boyscout, which yields Bonfire.

Boyscout
\)!@\b' Bonfire

Flint Stone

= =

= Being an instrument, Flint Stone is not consumed, as
indicated by the instrument event link.
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Instrument Event Link Example

Asynchronous system
What is the execution order of these system?

Home Safety
Maintaining

What triggers
each sub-process?
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Instrument Event Link Example

Asynchronous system
What is the execution order of these system?

Home Safety
Maintaining

Detection Module

Fire
Protecting

Earthquake

Burglary
Alarming

Handling

v

\ Deteé@éd/Threat /
~
&)fire ] [earthquake
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Object-related Events

* The events we have seen in examples so far were

object-related events.
= They happened when:

o a specific object class became existent or available

o a certain object entered a specific state or assumed a specific value.

Triggering ~f Instrument driggered Copper il
Isinament Processing [ — ][pure ] [quh _] [u::{:-anat,:-nai]
Fi
e
Copper Minng

Triggering o[ Consurnes-riggered
[ - )




Time-related Events

= Events can also depend on a specific time in the
system. These are time-related events.

Implicit invocation
(time-line) Process invocation Exception invocation




Time-related Events
Implicit Invocation links

= |mplicit invocation is invocation of process upon process
termination within the context of an in-zoomed process.

= Process invokes the process(es) immediately below it.

Product
Teminating

Product
Finishing

Prp:h_r:l:
Shipping

Product Terminating
zooms into Product
Finishing and
Product Shipping, in
that sequence.

Processing

OO

Processing zooms
into parallel A and B.

Processing zooms
into A and parallel B
and C, in that
sequence.
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Time-related Events
Process Invocation links

" Process invocation is an event that triggers a process
by a process.

= An invocation link is a link from a process to the
process that it invokes (triggers), meaning that when
the invoking process terminates, it immediately
triggers the process at the other end of the
invocation link.

Product Finishing invokes Product Shipping.

25



Time-related Events
Process Invocation links

l“.lr
=
*@

Triggering Object

Both constructs have the same meaning




Time-related Events
Self Invocation links

= Self-invocation is invocation of a process by itself

= When process terminate, the process immediately
invokes itself.

Recurrent
Processing

Recurrent Processing invokes itself.
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Time-related Events
Endless Loop example

= Implicit Invocation links & Process Invocation links
o Process invokes the process(es) immediately below it

o when p3 terminates, it immediately triggers Endless Loop Processing
which invokes P1

Endless Loop
Frocessing

Endless Loop Processing zooms into P1, P2, and P3.
P3 invokes Endless Loop Processing.
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Time-related Events
Exception invocation Link

Process duration constraint

= Exception invocation is an event that triggers
a process by timer.

o The invoker can be a process that has to be
assigned with maximal acceptable time duration,
which, if exceeded, triggers the invoked process.

& A triggers B when it lasts more than 4 seconds.

29



Time-related Events
Exception invocation Link

Process durati OPD Process Properties

= Exception invocation is
a process by timer.

o The invoker can be a pr
assigned with maximal
which, if exceeded, trigs

& A triggers B whel,

Activation Time |/ Roles |/ Dependencies- |/ Misc. |

General

Details

Minimum Activation Time

[ Infinity

msec Sec min

hours  days

months years

Maximum Activation Time

[ Infinity

msec SBeC min

hours days

months years

4

OK

Cancel

Apply

R ———

| 30



Time-related Events s
Exception invocation Link examplc*=

Process duration constraint

" X Disconnecting

“oice Msg
] 0
Answer:? =

‘ Rmging triggers Voice Msg Recording when it lasts more than 10 seconds.
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Time-related Events ;
Exception invocation Link example*

Process duration constraint

Ar
Temperature
Contraling

Temperature
Checking

Measured Temperature can be to cold, to hot, or ok.
Measured Temperature triggers Heating when it enters to cold.
Measured Temperature triggers Cooling when it enters to hot.

Measured Temperature triggers Idling when it enters ok.

Heating tnggers Air Temperature Controling when it lasts more than 1 minute.

Cooling triggers Air Temperature Controling when it lasts more than 1 minute.

Idhng triggers Air Temperature Controling when it lasts more than 10 seconds.
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Time-related Events
Exception invocation Link

State duration constraint

= Exception invocation is an event that triggers
a process by timer.

o The invoker can be an object state that last more
than maximal acceptable time duration, which, if
exceeded, triggers the invoked process.

Civen

EBRSS

Oven triggers Off Turning
@ when on (0..35m) lasts more than 35 minutes.




Time-related Events
Exception invocation Link

State durr::'l-inn ranctraint

State Properties -

[ ] Exception invocatio| General | Preferences |/|||.iEC..|

Minimum Activation Time

a process by timer. | ...

msec  Sec min hours days months years

o The invoker can be a
than maximal accep
exceeded, triggers tt

Maximum Activation Time

[ ] Infinity

msec  Sec min hours days months years

35

Civen

[ ':'ﬁ‘J [u.?:;'rm]

Oven trig( oK Cancel ||  Apply

@ when on (U-301T1) TaStS Mure urdit 59 MMINutes.




Time-related Events
Exception invocation Link example

State duration constraint

Answer

' X Disconnecting

Voice Msg
Deleting

Voice Msg triggers Voice Msg Deleting when stay in inbox lasts more than 30 days.
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Time-related Events
Exception invocation Link example

State duration constraint

State Properties | %=

| General Preferences |/I'."Iis|:'.. |

Minimum Activation Time

[ ] Infinity
msec SBC min hours days maonths years
CO | SO | T Y | | T

Maximum Activation Time

[ | Infinity
msec  sec min hours days months years
O N | S | S| N | O |

“oice Msg
Deleting OK Cancel Apply

Voice Msg triggers Voice Msg Deleting when stay in inbox lasts more than 30 days.




Condition link
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D:Zi—f Condition * Link

* Enables conditional execution of a process:

— If the object exist or is at the state from which
the condition link originates, then execution of
the target process is attempted.

— If the object does not exist or is not in the state
linked to the condition link, then the process is
simply skipped.

* Semantically, the condition link is similar to
an "if...then" command.

38



Condition /©Link

= There are two types of condition links:

Process occurs if
Object exists, in which

o Condition transforming links | oee _* case Process
Process

Object is changed consumes Object, -
otherwise Process is

skipped.
L . Engineer Engineer handles
o Condition enabling links : Part Designing if
Object remains unchanged Part Engme_er IS present,
Designing otherwise Part

Designing is skipped.

Can Construction or effect link serve as event condition links to0? explain
FD [

®
el

°
=

i
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Condition /©Link

= There are two types of condition links:

Process occurs if
Object exists, in which

o Condition transforming links | oee _* case Process
Process

Object is changed consumes Object, -
otherwise Process is

skipped.
L . Engineer Engineer handles
o Condition enabling links : Part Designing if
Object remains unchanged Part Engme_er IS present,
Designing otherwise Part

Designing is skipped.

Can Construction or effect link serve as event condition links to0? explain
: -:1':—_@ 5 | ;@ f; Py
| A occurs if B exists, in }/ v/

which case A affects B,

otherwise A is skipped.




Air
Temperature
Controling

Temperature
Measuring

Measured
Temperature

|tn:| cold | |t-:- hot |

Cooling occurs if Measured Temperature is to hot.

Cooling triggers Idling when it lasts more than 1 minute.

Heating occurs if Measured Temperature is to cold.

Heating tnggers Iding when it lasts more than 1 minute.

Idling tnggers Ar Temperature Controling when it lasts more than 10 seconds.
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“If then Else” Flow Example

[t-Then_Else
Processing

Withdraw
Requesting

Customer

Amount

Withdraw
Declining

Withdraw
Frocessing

Customet
Account

Balance

else

)
()

Withdraw Processing occurs if Balance is =o.

Withdraw Declining occurs if Balance is else,

42



C
Condition /" Link
Permitted but net @vailable in OPCAT

w W

Table 10 —Condition transforming link summary

Name “ Semantics ” Sample OPD & OPL ” Source ” Destination

It an object instance
exists andtherest of
the process Object
precondtionis ':

Conditi satisfied, thenthe Process

m:snunluﬁir:m process executes and Conditioning Conditioned
link consumesthe object object process

instance, othersisethe | Process occurs ifObject exists,
control advancesto inwhich case Process
triggerthe next consumes Object, otherwise
sequentialprocess or | Process is skipped.
returns one level up.
If an objectinstance
exists andtherest of
the process Object
precondtionis Tyl
satisfied, thenthe

Condition process executes and Conditioning Conditioned

effect link affects the object _ _ _ object process
instance, otherwisethe | Process occurs if Object gxists,
controladvances to inwhichcase Process affects
triggerthe next Object, otherwise Process is
sequential process or | Skipped.

returns one level up. /f/f/@}/@/‘ﬁr
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Condition / Link

but eV

ablle

avail

in OPCAT

Table 12 — Condition state-specified transforming link summanrnry

Name Semantics Sample OPD & OPL Source Destination
Raw Material Sample
[F‘!"E‘--‘!I‘-\I.’-ﬁ:'-'ﬂ ] [Wﬂ-““ﬂ]
The process
Condition executes ifthe object L
state- is in the state from ﬂ:pngétilﬁghng Conditioned
E-pE{:rfled_ _which the link Testing state of the Process
consumptio || originates, otherwise obiect
n link the process is I
skipped. Testing cccurs if Raw Material
Sample is pre-approved, in which
case Raw Material Sample is
consumed, otherwise Testing is
skipped.
Raw Material
Theprocess i .
executes ifthe object ["‘“'“‘L“’J ["1“'“ )
- is intheinput state
Cci':dm?" (from whichthe link c Y Conditioning |
ﬂuf ut ariginates)and specified Triggered
g E{:pi'fi-E;j changes the objedt input state of | process
-E'fF:-E'Etlir'IH from its input state to the object
its output state,
otherwisethe Testing occurs if Raw Material is pre-
process isskipped. | tested,in whichcase Testingchanges
Raw Material from pre-tested to
tested, otherwise Testing is skipped.
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Condition / Link

but noil in OPCAT

Table 12 — Condition state-specified transforming link summary

MName Semantics Sample OPD & OPL Source Destination
Message
The process crambed ] [dnl.'nrc:l |
executes ifthe object | -
is intheinput state
Condition || (fromwhichthe link Conditioning
input- originates)and specified Triggered
specified changes the object input state of | process
effect link || fromits input stateto the object
Etnr?emigzﬁﬂmﬁ= Delivery Attempting ocours if
; } Message is created, in whichcase
process isskipped. Delivery Attempting changes
Message from created, otherwise
Delivery Attempting is skipped.
Suspitious
Companeant
The process e
executes ifthe object R J [ i ] testnd ]
izintheinput state =
Condition || (fromwhichthe link c¥
output- originates jand Conditioning | Triggered
specified changes the object Stress object Process
effect link || fromits input state to
any one ofits states, . ] o
otherwizethe Stress Testing occurs if Suspicious
process is skipped. Component exists, inwhichcase
Stress Testing changes Suspicious
Componentto stress-tested,
otherwise Stress Testing is skipped.
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Skip vs Wait semantics
Condition Links vs. Non-condition Links

Measured Temperature can be to cold or to hot.
Temperature Measuring yields Measured Temperature.

TpE,,q mperature Cooling occurs if Measured Temperature s to hot.
edsUring

Heating requires to cold Measured Temperature.

Measured What is the difference between
BRI Heating and Cooling
In the diagram?
A b O
@
Heating g°
o-

46



Skip vs Wait semantics
Condition Links vs. Non-condition Links

« Condition and non-condition links enables process execution
only if the object instance from which the link originates exists.

Similar If the pI"ZCOHdiTiOH IS True- execute the process

* The difference between the two link kinds is with respect to
process execution in case of a pegative precondition evaluation:

« condition link - If a precondition evaluation fails, the process is skipped

If the precondition is true, execute the process
 else skip )

* Non-condition - if a precondition evaluation fails, the process wait.

If the precondition is true, execute the process
else wait until the precondition becomes true* |

47

* For this to happen, a new event must trigger the process again, causing the precondition evaluation to repeat.



Advanced event-condition
Issues

48



Event - Condition = Action paradigm

Condition

- An event link specify a source event e
and a destination process w
to activate on event occurrence. @

« Triggering a process initiate an attempt to execute the
process, but it does NOT guarantee success of this attempt.

« The triggering event forces

an evaluation of the process' precondition,
which, if and only if satisfied, allows process becomes active.

 The event shall be lost - If the precondition is not satisfied,
process execution not occur until another event activates the
process.




50

Event-Condition-Action - Example

What happens if trigger is active and condition is null?

Trigger

[active ] [not active ]
3\

Condition

==l

null

;

Vi

®)
®,


../../../../../Local Settings/Temporary Internet Files/Content.IE5/AKBID3T9/Event Condition Action.opz

Event-Condition-Action - Example

What happens if trigger is active and condition is null?

Trigger Condition

[active ] [not active ] [ satisfied ] E null E
N O

Vi

Action can not
be executed-
condition is null

When Trigger is active Action
Process will occur but only if
Condition is satisfied

Event is trying to trigger a process once. If the condition is

not satisfied when the event happens, it is lost!

51


../../../../../Local Settings/Temporary Internet Files/Content.IE5/AKBID3T9/Event Condition Action.opz

What is the right sentence here?

We change the Condition Link (from “satisfied”) to Event Link
What happens if trigger is active and condition is null?

Trigger

[active ] [not active ]
\

Condition

[ Sa;isfied ] [

null

)




What is the right sentence here?

We change the Condition Link (from “satisfied”) to Event Link
What happens if trigger is active and condition is null?

Trigger Condition

[active ] [not active ] [ satisfied ] [ null ]
\ Fi

Action can be
executed-
Trigger is active

Event Link is not a conditionl

Action is triggered if Trigger is active or Condition is_satisfied

The relation among event links is always XORI!
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Event vs. Condition Enabling Links

What are the differences between the models?

Condition Event

54
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Event vs. Condition Enabling Links

What are the differences between the models?

Condition

« Starting process pre-
condition evaluation
depends on time line

+ Starting process pre-condition
evaluation do not depends on
time line but on state change

Condition Case

Event Case
Initiating

Initiating

+ Case state can not be
changed any time before

» Case state can change
any time before pre-

condition process Gngdutiun Event Case pre-condition process
evaluation - evaluation.
G LB
R
Ot o
(" Only CB will be executed. EB and EA will be executed

If CB would yields the ¢ Condotion Case In that order -
CC process would be executed too G y



Logical Operators
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Boolean condition
with Procedural Links

Separate, non-touching links shall have the

semantics of logical AND

Key A KeyB

Key C

Pre condition

Key A & Key B & Key C & closed safe

58



Boolean condition
with Procedural Links

A group of two or more procedural links of the same
kind that originate from, or arrive at, the same

object represent OR / XOR

Safe Cwner A Safe Owner B

Safe Cwner & Safe Cwner B
® XOR O ¥XOR
{ O OR 4 | ® OR
. ES 1
XOR operator mean OR operator mean

exactly one of the things at least one of the two or more




Table 17 — Summary of XOR and OR converging consumption and result links

XOR

OR

Converging
consumption
link fan

C

C

Converging
result link fan

Exactly one of P, Q, or R yields B.

At least one of P, Q, or R yields B.
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Table 18 — Summary of XOR and OR diverging consumption and result link fans

XOR

OR

Diverging
consumpt
ion link
fan

Diverging
result link
fan

C

P yields exactly one of A, B, or C.

C

P yields at least one of A, B, or C.

61



Table 19 — Summary of XOR and OR joint effect link fans

XOR OR
A A
Multiple
objects B B
effect link
fan
C c
P affects exactly one of A, B, or C.
Multiple
processes
effect link
fan

Exactly one of P, Q, or R affects P.

At least one of P, Q, R affects P.
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Table 20 — Agent and instrument link fans

XOR

OR

Agent link B
fan
B handles at least one of P, Q, R.
Instrument B
link fan

Exactly one of P, Q, or R requires B.

At least one of P, Q, R requires B.
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B B
P invokes exactly one Q or R.
B triggers exactly one of P, Q, or R, which affects the | Exactly one of P, Q, or R occurs if B exists, in which case
@ occurring process. the occurring process affects B, otherwise these processes
are skipped.
<. Same logic behavior for other types of procedural links

Exactly one of P or @ invokes R. such as invocation, event, condition

A
1- -ss -ﬂ.

G (5%

Gfe

P yields at least one of s3 A, B, ors5 C.

Z e
d e
Agent link fan
B handles exactly one of P, Q, orRif B is 52,

$2 B triggers and handles exactly one of P, @, or R. | otherwise these processes are skipped.

The stateless case: The stateless case: Same Iogic behGVior TO/fr‘om Objec.‘-’s 51-01-6

B triggers and handles exactly one of P, Q, or R. B handles exactly one of P, Q, or R if B exists,
otherwise these processes are skipped.

B
ERRER. (o) (=4

e
e

B
Instrument %
) oD

link fan
$2 B triggers exactly one of P, @, or R, which Exactly one of P, Q, or R requires that B is s2,
requires s2 B. otherwise these processes are skipped.

The stafeless case: The stateless case:

B triggers exactly one of P, @, or R, which requires Exactly one of P, @, or R requires that B exists, 64
s2B. otherwise these processes are skipped. Exactly one of P, Q, or R requires s2 B.




Path
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State Changes with Paths

* Button Pushing changes Light state from on
to off and vice versa

Light State

Button
J Fushing

How can I model that?
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State Changes with Paths

* Button Pushing changes Light state from on
to off and vice versa

Light State Light State

=) ) [on ) (Lo )

o 1/
Light State :
Button PB utrt:_m
Fushing ushing

Button
Fushing

Light State

(v ) ()

[/
Button
Fushing
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State Changes with Paths

* Button Pushing changes Light state from on
to off and vice versa

Light State can be on or off.
Light State Following path a, Button Pushing changes Light State from on to off.
Following path b, Button Pushing changes Light State from off to on.

Consumption Link Properties |_ % _|
- i

l/GeneraI |/Web rMisc. |
Source name : Destination name :
an Buttan Pushing
Condition :
Path :
a
0K Cancel Apply
69




Simulation
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Simulation

% Opcat I - cdhsumption event -

System Ed iew MNotation Operation Generation Help
Ao @ M & &5 g i e ¥ s

OPD View

9 ? consumption ey
¢ EJsD ;
SD1-lte|

[tem Set

ltern  (<=—{ Item Adding




v II - consumption event

Simulation

>

Velocity

OPD View

? ? consumption ey

¢ [ 8D

SD1-lte|

lterm Set

[term

f—1 ltem Adding

72



Simulation

% Opcat I - consumpfign event

« = 3 V9B & R

OPD View

3 ¥
|
L
2

? ? consumption ey
T sD
lll.lll) SD1 - Ite

tem  f<——1{ ltem Adding




Simulation

BIRENDEINDNOR

ltem Adding

MNew lterm

Form Data

Data“alid:

Data Checking

J

— 7 =) =)

ltem RKecord
Creating

[tem




Simulation

% Opcat 1 - consu event

[>l«[w[==[uun|}#]v]n]a/a][x

[tem

ltem Adding

Data Checking

ltem Record
Creating

Data Valid:

() (o

.

J
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Simulation

% Opcat 1 - consu event

[>l«[w[==[uun|}#]v]n]a/a][x

[tem

ltem Adding

Mew ltem
Form Filling

ltem Record
Creating

Data Walid:

[ I -

\

J
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Simulation

i, e Wb | N
[>[«]w=luja][#]e[n]a[a][x

ltem Adding

L]
Data Checking

ltem Fecord
Creating

Instrument link is not satisfied because Object Data Valid: has no instances at State ves, "



Simulation

% Opcat I - consu event

B ENORENNINOE

lterm Adding

no

Data Checking

ltern Record
Creating

[tern
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Simulation

% Opcat 1 - consu event

[>l«[w[==[uun|}#]v]n]a/a][x

[tem

ltem Adding

Mew ltem
Form Filling

ltem Record
Creating

Data Walid:

[ I -

\

J
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Simulation

% Opcat 1 - consu event

[>l«[w[==[uun|}#]v]n]a/a][x

ltem Adding

Mew [tem Mew ltem

Form Filling

Form Data .

Data Checking

YES

ltem

no

80



Simulation

% Opcat 1 - consu event _
IEIE =N 20NN
ltem Adding
Mew ltem Newltem ) g
Form Data | Form Filling Je
Data Checking
YES no

lterm
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Simulation

| e (e Adaing
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Model Evaluation

Model clarity & understandability
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Model correctness
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Model completeness
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