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Def n. Let A be a set of labels and S a (not necessarily finite) set
of of states. We cal

— CSxAxS

a (labelled) transition relation.

al states. A (fi
€
a a as
e S
&> £
with s; € S, a; € A is called computation

of the labelled transition system (S, A,—, Sy) if and only if

Let So C S be a set of

: 8o € So
e consecution: (s;,a;,Si+1) €= for i € No.
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Contents & Goals

Last Lecture:
« System configuration cont'd
o Action language and transformer

This Lecture:
« Educational Objectives: Capabilities for following tasks/questions.

ject this event?

 What does this State Machine mean? What happens
= Can you please model the following behaviour.
 What is: Signal, Event, Ether, Transformer, Step, RTC.

o Content:
« Step, Run-to-Completion Step

Active vs. Passive Classes/Objects

* Note: From now on, for simplicity, assume that all classes are active.

We'll later briefly discuss the Rhapsody framework which proposes a way how to
integrate non-active objects.

« Note: The follo
realised by the Rhapsody code generation)
choices.

g RTC “algorithm” follows Harel and Gery (1997)
the standard is am!
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Transition Relation

From Core State Machines to LTS

. the one
uous or leaves

n. Let % = (b, o, Vo, airo, &) be a signature with signals (all classes in %p
active), 7 a structure of ., and (Eth, ready, @, S, [-]) an ether over .% and .
Assume there is one core state machine Mc: per class C' € 4. )

We say, the state machines induce the following labelled transition %ﬁzg on states

S := (SZ x Eth) U {#} with labels A :=22(5) x 2(2(5) U =+ x 7€) x 9(%):
woy st abswie,
e wlat e bea,

(cons, Snd)

if and only

o (0,0

(i) an event with destination u is discarded,
i) an event is dispatched to u, i.e. stable object processes an event, or

(iii) run-to-completion processing by u continues,
i.e. object u is not stable and continues to process an event,

(iv) the environment interacts with object u,
(cons.0)
e s——G—#
if and only if
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(v) an error condition occurs during consumption of cons, or

(s=# wivga =0.




(i) Discarding An Event (i) Discarding An Event

@) ?asﬂm;& (@) (@) ?5..,..0:& (o)
i e

\ . E- it (inst: f signal E) i dy in & for object u of a class ¢, i.e. if
Qrb»s; o~ AﬁmV an E-event (instance of signal E) is ready in  for object u of a class ¢, i.e. i
w € dom(o) N Z(C) AJup € Z(E) : up € ready(s, u)
o u is stable and in state machine state s, i.e. o(u)(stable) = 1 and o(u)(st) = s,
© but there is no corresponding transition enabled (all transitions incident with current state
of u either have other triggers or the guard is not sa d)

(s, F, eapr, act, ') €= (SMc) : F # EV I[eapr](o,u) = 0

and \_i{n valee of & Aol uFob

Y G7%
bbb o () + in the system configuration, stability may change, s goes away,
o' = ofu.stable - ] \ {us - o(uz)}

on with trigger *’ enabled for u in (o', <)

and

where b= 0 if and only

removed from the ether,

o the event ug

151217 -
o,
I
o
e
3

o consumption of up is observed, i.e.
cons = {up}, Snd=0.
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(ii) Dispatch Example: Dispatch ?e,m £
_y (cons,snd) -,
& —— (7€) SMe: (signal)
" G.J
© u€dom(e) N Z(C) A3up € Z(E) : up € ready(e, u) . w
© u is stable and in state machine state s, i.e. o(u)(stable) = 1 and o(u)(st) = s, 7 “;?h?:,vv
« a transition is enabled
3(s, F, expr,act,s') €= (SMc) : F = E A [expr](5,u) = 1 12— 0y=2
where & = olu.params ; > uz). = ¢
and s
« (o',€") results from applying f.: to (a,£) and removing uz from the ether, &
"o - feuare Ug
(0",€) € taaru](5,e Qup),

o' = (0" [ust = ', w.stable — b,u.params g = 0))| 26\ fug)
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{(signal, env)

H

(signal)
G,J

Q
Tz It
y: Int {(env)

5,0 N
; <
stable = 1
E
J 7/
« u'e dom(c) N 2(C) v o o(u)(stable) = 1 o(u)(st) =
up € Z(E),up € ready(e, u) o o = olu.stable # b))\ {ug —~ o(ur)}
< VEF, eopract, ') € (SMe) o o/ —coup v
F#EVifepr](e,u) =0, o cons = {ug), Snd=0 .

(iii) Continue Run-to-Completion

where b depends (see (i))
« Consumption of ug and the side effects of the action are observed

W% dom(o) N 9(C) + o(u)(stable) = 1. o{u)(st) = 5
ug € 9(E)ug € ready(e, u)
o 3(s, F, expr, act, ) € (SMg) : ¢

) = tous(5y 0 um)

F=EAexpr](@,u) =14 o o' = (o"[uwst = g/, wstable = b, u.params g = 0))|9 )\ fur)

o cons = {ug}, Snd = Obsy, [u](5,c S up)

cons = {ug}, Snd = Obs,,[u](5,2 & ur).
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o 9 * & = olu.params g — ug)

(0,6) LD,y (51 oty

if
« there is an unstable object u of a class @, i.e.

w € dom(o) N Z(C) A o (u) (stable) = 0

o there is a transition Eﬁ_wféw@q enabled from the current state s = o(u)(st), i.e.

3(s, ., expr, act, s') € (SMc) : I[expr](o,u) = 1
Ry
and ¢

o (0',') results from applying t..: to (,2), i

(0",€') € tacelu] (0, €), = 0" [u.st — s', u.stable s b]

where b depends as before.
© Only the side effects of the action are observed,

cons =0, Snd = Obst,,,[u](0,2).
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Example: Eommened @Hnu

[z > 0]/

SMe: Glr>0)/r =y

« u &aom(e) N 9(C). o (u)(stable) =
E e 3(s, - eapr, act, ') €= (SMo) :
. Ifeapr](o.u) =1, o cons =0, Snd=Obsy,, (0,¢)
7 e ofu)(st) =

(v) Error Conditions

§ Leons,Snd) #

(i), (i), or

o I[eapr] is not defined for o and u, or

is not defined for (7, <),

o cons =10, and Snd = 0.

§ )
Bamples: Ele/0)/act o (ve) =
. . 2\ .
Eltruel /acy C By Gle)
)
RN EREs ot
g A m_?.
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(iv) Environment Interaction

Assume that a set &,,, C & is designated as environment events and a set of
attributes V,.,, C V is designated as input atts

Then

if either (1)

© an environment event E € &,

e object u € dom

is spontaneously sent to an

o =cU{ug—{vimrdi|1<i<n}, & =e@(uug)

where ug ¢ dom(o) and atr(E) = {v1,...,v.}
o Sending of the event is observed, i.e. cons = 0, Snd = {

1

or

o Values of input attributes change freely in alive objects, i

Yo eV Vuedom(o): o (u)(v) # o(u)(v) = veV,

and no objects appear or disappear, i.e. dom(s’) = dom|

Example: Error Condition

[#>0]/e:=2—1;nlJ

SMc:
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T=0:=0,y=27
st = sy
stable = 1

o Ifezpr] not defined for o and u, or = cons =0,
o tac[u] is not defined for (o) o Snd=0
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Example: Environment

[#>0)/z:=2— LinlJ
[z>0)/z:=y

SMec:

i

T=0:=0y=2
st=sy (&)
stable = 1

o

oo/ =oUfuprs o di[1<i<n} o wedom(o)

o & = c@up where ug ¢ dom(c) econs = 0 Snd =
and atr(E) = {v1,..., v},
14120
Example Revisited
SMe: Eln#0)/z:=2+Lin!F
Jri=0 -
©O—-
1lc:C :
Nr. st | stable || p | st | stable € rule
0 51 1 lo | s 1 (3r.10).26.10) | &
1 = 1 e | S| 1 Qerte) @
2% S 0 1 | S 1 (33,%) Gi)
8 34 RlrF S 1 1| 7 (3r.%) a@)
| B X| % | [ | s, ) - w7
E [
w2
) 17/20
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