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§ Event handling, requirements



UML “Event” Handling

8§ If you don’t know what this is ...
— ... you probably won’t need to be bothered with it.

§8 About objects managing “things” coming at them
In concurrent systems (“agent”-like). Often ...

—1to honor expectations/agreements between objects
about their interactions.

— managed internally by state machines.



Concurrent Systems

sd PubSub
?producer ?server %onsumer
: E( subscribe :
| publish | (5 ) |
u g : !
| a | deliver >:
: : O .

§ Six behaviors (at least)
— Three participants (with internal behaviors)
— Three messages (take time to get there)



SST-1zing UML Event Handling

§ “S”-word
— UML informally describes an event handling procedure.

— SST requires conditions for checking whether events
were handled properly (aka “trace” checking, declarative).

§ Integration with other SST modeling
— More flexible event handling than UML.
— Seqguence diagrams
— Item flows
— Ports



UML “Events”

Real/simulated (MO)

Model (M1)

Camera

act TakePicture J

lFocus|
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Cmd
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Shoot
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Inside the camera
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elete
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recorded in pool

exposg g
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Removed
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“Processing” Events

" 1) Select event in pool
 In specific orders (priority).

. EVGS;POO'(‘,‘ « Remove from pool (dispatch).
&) " G G — Deferral (“put back™).
?

1S ] 2) Match ? |

L  Checking required conditions
= = (triggers) against selected event.
| 3) (States) Evaluate guards
4

Removed events might not

§ Specified as a procedure. affect behavior
— How to onto-ize it? (not “fire”, be "accepted”) s




SST: Avoid Pool Conflicts

Camera

sm Take3DPicture )

Focus EXDOSGCmd Shoot
Lens Lensl
System

Model
(M1)

4 < Y ¢
|ood juana

> D

act ProvideLight J

Measure Expose
‘—){ Light ]—> cmd -—)[ Flash ]—)@

>

§ Enable multiple behaviors to react to the same event.
§ Definitely not “remove” each others’ events from the pool.
§ Same for events arriving at separate ports (see PSCS/PSSM).”



(UMLish) Run to Completion (RTC)

§ Process events separately from actions.

event pooI
event pool

)
Select/ remove{l
from pool heck against

rlggers (sm) guards

act Joe’'sCameraTakingPicture )

act Joe’'sCameraTakingPi\iure -
Xpose
. Focus Cpmd Shoot
LApOSe

Focus cmd Shoot

Ctmd

T o U9

IIIII Cmd DITUUL

1) Process one event 2) Act (maybe)
3) Repeat
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UML/SysML Interactions Problem

act [Activity] Prevent Lockup [Swimlanes] )

d1: Traction Detector m1: Brake Modulator

Trac% N,
al: Detect Loss a2 : Modulate
of Traction Braking Force

r

Same “flow”

Activity Object Flow \\

sd ABS_ActivationSequence )

d1:Traction
Detector
1]

ol

detTrkLos()

sendSignal()

7

ibd [Block] Angj-Lock Cortroller [ Bazsic ]J

d1 : Traction
Detector

Cd W

<

m1:Brake
Modulator

modBrkFrc(traction_signal: bool;n)r

modBrkFrc()

sendAck()

-

Interaction Messages

m1 : Brake
Modulator

multiple underlying models

IBD Item Flows
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Overview

§ Solutions, Kernel
— Onto messages/flows
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Onto Messages/Flows

g Source W
%
|
\_ start (SST) Transfer end

§ Transfers take time and space.

§ Source and target are not involved In transfers
— Except source provides the items, target receives them.:



Onto Message/Flow

§ A kind of occurrence

— and binary link
§ Start when item is

&

picked up from source

§ End when item is
delivered to target

Real/simulation time (MO)

Outsidethe camera
Not under camera’s control

&

AnyThing

itemd A 1’[‘source 1’[‘target JAN Kernel
1..% Model
BinaryLink Library
A (M1)
Transfer > Occurrence

="

Expos €Transferd4b

Deletetransier296

item\]/

ExposeCmd9o47

\

V target V r

\Litem

DeleteCmd947

— D

L

o O

——> Joe’s Camera delete

expose
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Onto Event Pools

§ Library feature ...

— ... Identifying all transfers targeting each

occurrence (over entire life).

— Only queried/matched, not modified.

§ Onto “event handling”

— Temporal requirements on reacting to

pool contents.

Outsidethe camera
Not under camera’s control

Real/simulation time (MO)

Occurrence
I P e
> incomingTransfersToSelf ! Kernel
T LI T Model
| | target | i Library
1 (M1)
self
ExposeTransier345 Deletetranster296
incominq"‘ 0 incoming
TransferToSelf TransferToSelf
target
% 2 A ?‘; &
Tose“ Joe’s Camera delete
P 15
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§ Event handling, requirements

§ Solutions, Kernel
— Onto messages/flows
— Transitions
— Accepting “events”

§ Solutions, SysML
— Accept and send actions

— Seguence diagrams
— Flows

§ Summary
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“Event Processing”: Transitions

Action NonState
(non-state) Transition

Action ] [guard]
(non-state) J

before [guard]

Transitions happen after
non-state actions > Time

N .
State |trigger State <

entry cond|t|0n>

do [guard]
substates | /effect
Lexit

State :
L .. < T I r
Transitions Overlap states. Transition check [guard] /effect

. trigger
Guards evaluated during states. _ condittion H




SST Transition Performances

<
Performance [1]
Kernel < —
Model transition
- LinkSource
le(rl\z;}rl;; \V4 transitionl (0.1 €\
Link
Occurrence | [~|=====—=eo|-__ Hsglpoerre]s
e
ion»
- «SUC ess\0 re
8 Onetrah3|t|on perf per v 4oy ensB fore o
— outgoing succession
— Source occurrence [
§ Even If transition fails. HeUCCession,
— No transitionLink PPensBef, e

TransitionPerformance

Optional,
transition
might fail.

System
Model
(M1)
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NonState Transition Performances, Timing, 1

<} TransitionPerformance
Performance (1]
transition guard : BooleanEvaluation [*]
Kernel LinkSource
Model A
Library
(M1) NonStateTransitionPerformance
«succession»
: Happens
Before > self
Action NonState
Svst (non-state) Transition
stem )
K//|0d9| Action | [guard]
(M1) (non-state) J

before [quard]

19
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Transition Performances, Timing, 2

TransitionPerformance
Performance - :
<transition trigger : Transfer [0..1] €——__ . .
LinkSource [1] incoming
Kernel : HappensBefore
Model " -
Library guard : BooleanEvaluation [#]
(M1) | happen
«succession» v HappensBefore >~ ?UFIH%_
- ransition
- Happens > effect : Performance [#]
Before ' ~
_ Incoming o
SysObject Transfer
< Action
s & (any kind)

trigger

Action ] condition
(any kind)J [guard]

leffect

System Model (M1)

Transition <

E:heck [guard] leffect
_ trigger condition 20

> Time



State (Transition) Performances, Timing, 3

|<} TransitionPerformance

Kernel Model Performance trigger : Transfer [0..1]
. iti guard : BooleanEvaluation []
|—|brary (Ml) <tr_an5|t|on effect : Performance [#]
4& LmEFSource [1] 4
= StatePerformance transition StateTransitionPerformance
IS o LinkSource [1]
(7)) — .
o % entry : Performance [1] _substates | > self
= Sm _ : HappensBefore
2 g2 |middle: Performance [1.. ¥] . exit < 1 guard
c s 9 do : Performance [1]
o v o substates : StatePerformance [*]
T PN
= exit . Performance [1]
< State <
State .
System entry trigger
Model
(Ml) do [guard]
substates | /effect State :
| exit ) Transition check  [guard] leffecil
_ trigger condition




Run 1o

Completion

8§ No Transitions (within
scope) during entry.
— No guard evals (within
scope) during exit, effect

System
Model
(M1)

Kernel Occurrence
I_\/Iodel ISRunToCompletion : Boolean [1] default true
le(rl\ill% runToCompletionScope : Occurrence [1] default self
$ self happens during scope
StatePerformance

:>> isRunToCompletion default this.isRunToCompletion
:>>runToCompletionScope : default this.runToCompletionScope

SysObject

:>> isRunToCompletion = true
:>> runToCompletionScope = self

~— | State "
T enry rigger o
el { do [guard] §—"]
dl o substates | jeffect
s| d exit
e

} State < entry

State
Transition

do exit

check [guar ect

 trigger condition
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Overview

— Accepting “events”
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State (Transition) Performances, Timing, 4

TransitionPerformance
trigger : Transfer [0..1]
Performance Eransition guard : BooleanEvaluation [#]
: effect : Performance [*]
Kernel N LinkSource [1] A
Model
Librar transition —.
(Mf)/ StatePerformance LinkSource 1] StateTransitionPerformance
acceptable : Transfer [*] .acceptable <f—racceptable : Transfer [*]

/accepted . Transfer [0..1] .accepted <—:>>trigger : Transfer [0..1]

§ SST acceptable ~ UML event match ) conditions
— (not UML enabled, which includes true guards) ~ specified
§ SST accepted/trigger ~ UML “fired” onusage

~ 25



State (Transition) Performances, Timing, 5

TransitionPerformance
trigger : Transfer [0..1]
Performance Eransition guard : BooleanEvaluation [*]
. effect : Performance [¥]
Kernel A LinkSource [1] A
Model
L'b(r,\";}g StatePerformance clransition StateTransitionPerformance
LinkSource [1]
:>> guard |
«succession»
: HappensBefore
acceptable : Transfer [*]
SysObject =
System —_— incoming
Model State i igger P Transfer
(M1) ggtry [guard] > ¢ i
substates | /effect State J
Transition check [guard] [effect

 trigger condition

27
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Kernel
Model
Library
(M1)

Prioritizing Incoming Transfers

«predicate»

Occurrence

IncomingTransferSort

in t1 : Transfer [1]

IncomingTransferSort : IncomingTransferSort [1] <]]— in t2 : Transfer [1]

default earlierFirstincomingTransferSort

return t1First : Boolean [1]

feature earlierFirstincomingTransferSort : IncomingTransferSort {
inv { tlFirst == includes(tl.endShot.successors, t2.endShot) } }

i

&

o

<

i

<

5

<

B N
SysObject / «— | 5 StatePerformance
:>> incomingTransferSort = SysSort 6 O L acceptable : Transfer [#]
Ak ) |
State trigger ?
<« accepted : Transfer [0..1
gg”y [guard] ¢ & 3 S~N—T P 101
substates | /effect
exit e 6
& G= p

Kernel Model Library (Mélg)

System Model (M1)



Dispatch

§ Not acceptable if

accepted before —

—or higher in sort order than

last accepted.

4;? SysObject ﬁ%
¥ | :>> isDispatch = true v
4 %ﬁ '>> dispatchScope = self [€—
¥ <
Ny E —_ ) :
M e S (] ej:;ite trigger & &=
9 do [guard]
7] — |3 | : P
o W . Z Ziitsmtes /effect % o

D

System Model (M1)

Occurrence

IsDispatch : Boolean [1] default false
dispatchScope : Occurrence [1] default self

self happens during scope

Kernel Model Library (M1)

StatePerformance

acceptable : Transfer [*]

Y

accepted : Transfer [0..1]

.
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Dispatch per (top)

Performance

§ each with its own
dispatching, prioritization

System Model (M1)

SysObject

:>> jsDispatch = false

LG

-

] sm Machiningl )

a :>> isDispatch = true
:>> dispatchScope = self

State

trigger

entry %

do [guard]
substates | /effect
exit

LG L LG LG

LG

Occurrence

isDispatch : Boolean [1] default false
dispatchScope : Occurrence [1] default self

AN

HappensDuring

Kernel
Model
Library
(M1)

Performance

thisPerformance : Performance default self

:>> isDispatch : default true
:>> dispatchScope : default thisPerformance.dispatchScope

>
( sm Machiningl A
—
—
5 9 h StatePerformance
9 ——racceptable : Transfer [¥]
7 49 1O
accepted : Transfer [0..1]
\_ Y,
6 N 7 30
\ J




Overview

§ Solutions, SysML
— Accept and send actions

32



Multiple Targets, Event Pools

Joe’'s Camera
on/of; EheckBattery
Event Pool pn
=2 | \“)) ) € € v G
System ®> "¢ Ko
Model — m delete
(M1) expose | © , 0 < €
> O s — (\\ D |$ &=k
s Sl O e S .srr.1 Mchiningl g g . 2 Crop
-I:OCUS > E N _r:(;i';?t:r>> |s|jspatch=true ; (\\’ - § . E
% > g ’\) act Joe'sCamen ingPicture | (\"’ 8 dUplICate
LL Focus ?E)é:pn?ge Shoot i § &
operate (e ———— edit

§ Transfers can target ports ...
— ... glving ports their own event pools when ports are not
Internally bound (incomingTransfersToSelf). 33



Kernel Incoming Transfer Target

§ accept “via” object
— I1dentified by transition

— default to “most inner” object.

SysObject

X
RO

trigger
Statel 99

&
(" sm Machininnig‘)/
\(\
(

— >

self

0&/\
A= —
sm Machlnn.ﬂz%,

State2 M
—/

triggerl
199 N
State
‘ —>
triggerZ/

J

Kernel
Occurrence Model
this : Occurrence [1] default self Library
(M1)

A

StateTransitionPerformance

triggerTarget : Occurrence [1] default this
incomingTransfersToSelf

:>> acceptable : Transfer [0..1]

System
Model
(M1)

Targets can vary
within objects,
behaviors, even
actions. 3



SysML Accept Actions

Kernel
Model Occurrence Transfer
Library :
receiverp1  +/payload 1 /Maccepted
(M1) T T é TMessage
AcceptAction
SysML o _receiver 1 | acceptedMessage !
Model L TTTTncoming T == 5 N 5
| 9 i b ! |
Library | manstersToselr [H1{_ftem ————] payload |
(M1) T :
[ «succession»
: Happens
Before >| done

§ = Message to receiver required to match usage specs._



SysML State Transition Accept

Kerne: transition — f
Mode StatePerformance LinkSource (1] StateTransitionPerformance
Library .
(M1) 4 triggerTarget : Occurrence [1] <}——
A transition trigger : Transfer [0..1] <] |
(LinkSource [1] N\
SysML StateAction exit
Model «succession» o _
Library : HappensBefore StateTransitionAction
M1 : accepter [o..1
(M1) AcceptAction [€ N P _[ ] _
.receiver = :>>recelver
.accepted —— :>> acceptedMessage
Message B
«succession»
: HappensBefore guard

State

entry do

~-

S § evaluate guards & accept
[eff ~ .
sgarcondtion T (maybe) & exit state =

_ trigger condition Time._

State
Transition




SysML Model Library (M1)

System
Model
(M1)

“Stand Alone” Accept

StandAloneAcceptAction @

salransition [1] >| StateTransitionAction

.accepter
:>> payload — .payload accepter
:>>receiver — receiver - AcceptAction
:>> acceptedMessage — .accepted '
Message

AcceptAction

saTransition

uard
>Accept 19 ]

§ Guard evaluated after “accept”
— Does not try again if guard fails.
— acceptedMsg is dispatched (default).

Accept Decision
(standalone) Transition

before [gu ard .

> Time



S M L d _ Occurrence
ysML Send Actions ———
i outgoingTransfers |
: FromSelf i
Kernel A
Model | ! source i !
Library Occurrence <F—— Transfer s s i
(M1) senderM1  +/\payload é 1/ sent :-‘
Message self
SendAction
SysML - S -
1 1
Model oo sender_________ d L.S.QQLM_QSEQQ___:
Library 1 p===--- T D e I R
going Pl | 1 item ¢ : I payload |
(M1) i | TransfersFromSelf E<]:_E bemmmeed bommmmmm - ;
T 1 1 1
L e ————— J i i .
I I «succession»
i start |< " Happens done
L e mmmmmem i  Before

§ = Message from sender required to match usage spegs.



Overview

— Sequence diagrams
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What do the arrowheads mean?

! >
|

producer ‘ server ‘
' | subscribe
: . <
. publish |
: ) deliver
0

§ Multiple possibilities ...

40



Event Processing In Sequence Diagrams

: Camera

Event Pool

‘ 'Camera ‘ ‘
|
expose >: expose!
| S
,< delete :
l |
| |
|
|
|
Expose Delete '
Cmd Cmd L

deletel

N D> 4 L &
> s (/

dispatch/matc
act CameraPerformance
-
Expose Delete
Cmd Cmd

§8 If messages end at accept ...
— ... where does event processing fit in?

=

41



SST Event Occurrences

§ Anything happening during another occurrence
— Presumably also inside the spatial region also.

§ All other meaning Is in how applications use them.
— Eg, send/accept, arrive/leave, directed feature set/get.

8 Only defined syntactically, not model library element.
§ Intentionally don’t specify much.

SysML OccurenceUsage E[>- Feature Kernel
Metamodel  /eventOccurrence Tl /\ Metamodel
(M2) (M2)

EventOccurrenceUsage 42




Sequence with Events

part def PubSubSequence {
part producer|[l] {
event occurrence publish source event; }

‘ Server ‘
message publish _message from producer.publish source event |
to server.publish_target_event; ¢l subscribe
part server[1] { V€
event occurrence subscribe_target_event; pLﬂJ“Sfl ! &t
then event occurrence publish_target_event; )'Ei _
then event occurrence deliver_source_event; } E=n) |~ deliver
message subscribe message from consumer.subscribe source event 'E% =
to server.subscribe target event;
message deliver _message from server.deliver_source event
to consumer.deliver_target event; -
part consumer { Not Commlttmg (yet)
event occurrence subscribe source event; to what events are.
then event occurrence deliver target event; } }

43



Flow Connection source/targetEvents

: Camera : Camera
expose l | |
: FlowConnection ! expose ): | Event Pool <delete
> NS Ny '
= A= S S e I

¥
|
: FlowConn '
-~
|

«KEventOccurrence

Usage»
(event occurrence)

SysML tarngVEﬂt) <Atarget Kernel
Model Occurrence Model
Library ConFrllce)\c/;\{[ion sourceEvent <~source | Transfer Library
(M1) > (M1)

§ Can happen before transfer starts and after it ends.™



: Camera

Multiple Interpretations of Events

Flow sourceEvent source
. > < Transfer
Connection Occurrence
targetEvent> <target
redefinition
act CamPerform) cTT T =" :
J ! &=F
[ I delete
%expose | |
|
ﬁ% “Cnd’ ) donei 4 ' '
i I~ delete
. C flows
o) Do _ . Lamera (not sent/accepted,
’E md . do not go through event{ool
cme : arrive / leave J J 46 )
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Kernel Item Flows and Directed Features

Kernel Metamodel
(M2)

itemType

[0..*] {ordered,
non-unique}

Class

Connector

q_

sourceOutputFeatur%

ltem
Flow A [0..*] {ordered,
\ non-unique} Feature

step KH ‘t\
taygetinputFeature

Connector ______—7 A
o\

for Transfers

\ [0..*] {ordered,
non-unique}

[} \
\

M1 property at tail of
arrow is value of M2
property at head of

the arrow.
*Not instance links*

] \
)

\
1l . N\ .
CaptirePictuse : Interaction

I A\

System
Model
(M1)

— e o o o e e e e . -

/] \\

_____________ 1/ N X
: fcntl : Flight Control l/// Confirmation\*§\ : fdb : Flight
f x\‘

lin confRec: Confirmation 7, < “Sout confSend :
L ________ - B A O ESm0°0909090909090902929202 2 S S - - - - - t ______________

I

. sc: ' |

> | Spacecraft | pic’ture

Command
S S

k ltem flow

Directed

feature
(SysML 1 flow

property)
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Transfers for Messaging and Flows

Transfer
Kernel Transfer Isinstant : Boolean [1]
Model iISPush : Boolean [1] 4& 4&
Library iIsSMove : Boolean [1]
(M1) isInstant : Boolean [1] FlowTransfer Message
ISPush : Boolean [1] Transfer
Initiates flow isMove : Boolean [1]

without sending

§ Separate out “flow” characteristics.
— Messages don’t have them.

§ TBD:

— Coordinate terms (message keyword, FlowConnection)
— Incoming transfers shouldn’t include flows?
— Only a SysML distinction, not Kernel?



1BD

§ Completion “events”

§ Deferral proposal, but not in slides
§ Triggers on NonStateTransitions?
§ Time/change event priority.
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Forget about Event Processing?

§ Even experts forget about it
— Maybe it should be forgotten in general.

§ Weak compared to BPMN “conversations”.
— Messages identify the conversation they're In.

Order
Negotiations

Factory [\ Supplier
\_/
Shipment
Plan Delivery Schedule
{ ) Consignee { )
\_/ \/

o

( \_/ ]
Plan Shipment
Consolidator Shipper Pickup
Location

56
New Capabilities for Interaction Modeling in BPMN 2.0, Bock & White, 2012. http://conradbock.org/bock-bpmn2-interactions-bookmark-web.pdf



http://conradbock.org/bock-bpmn2-interactions-bookmark-web.pdf
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Event Handling, Summary

§ Objects managing reaction to incoming messages
— Often within agreed interactions with other objects.

§ Specified procedurally in current OMG standards.

—> 1) Select event in pool ) o Eve‘gPOO'(ﬁ
O 2) Match against usage specs ">\ & (e
* 3) Evaluate guards I P

4) Act (maybe) T

§ SST proposal available:
— Modeling conditions on valid traces.
— Integrate with SST actions, sequence diagrams, and flowss



Current Proposal for Event Handling

§ Increased flexibility in
— RTC (scope)
— Dispatch (scope)
— Pool location / prioritization
§ Integrates event handling with
— Accept actions
— Seqguence diagrams

§ TBD

— More triggers
— Time/change event priority

59
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