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Content
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e Actions
e transformer:

e send message
e create/destroy: later

o Labelled Transition System

o Transitions of UML State Machines

—e discard event,
—e dispatch event,
—e continue RTC,
—e environment interaction,

e error condition.

e Example Revisited
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Transformer
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Transformer
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Definition.
Let E?ﬂ the set of system configurations over some .%y, %, Fth.

We call a relation
t g(@(%) x (872, x Eth)>>< (2% x Eth)

a (system configuration) transformer.

Example:
o tluy](c,e) CXZ x Ethis
o the set (!) of the system configurations

o which may result from object u,,
AL
o executing transformer t.

* texiplta](0,6) = {(0,€)}

® tereate|Us](0,€) : add a previously non-alive object to o

4,37
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Observations
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e In the following, we assume that

o each application of a transformer ¢
e to some system configuration (o, €)

o for object u,

is associated with a set of observations
Obs;[ug)(o, ) € 2(2(8) U Lx+Hx2(€)
e An observation
(Ue, Ugst) € Obstluz|(o,€)

represents the information that,
as a “side effect” of object u, executing ¢ in system configuration (o, ¢),
the event 1. has been sent to w 4.

Special cases: creation ('«’) / destruction ('+).

5/32



A Simple Action Language
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In the following we use

Act » = {skip}
U {update(expry, v, expry) | expry, expry € Expr o, v € atr}
U {send(E(expry, ..., expr,), expr ) | expr;, expr 4, € Erpr o, E € &}
U {create(C, expr,v) | C € €, expr € Expr ,,v € V}

U {destroy(expr) | expr € Ezpr ,}

and OCL expressions over . (with partial interpretation) as Expr .
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Transformer: Skip

- 11-2016-12-08 - Sactlang -

abstract syntax
skip
intuitive semantics
well-typedness
semantics

observables

(error) conditions

concrete syntax
skp

do nothing
/.

tsxiplUz](0,€) = {(0,€)}

Obsskip [’UJQ;] (O', 8) = (Z)

25/34
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Transformer: Update Y

- 11-2016-12-08 - Sactlang -

(Jedffy :3 SEQ%-X‘ i )

Uom
datt, of
et

abstract syntax concrete syntax
update(erpry, v, exprs) expe, v = eXPh
intuitive semantics
Update attribute v in the object denoted by expr to the value
denoted by expr,.
well-typedness
expry : Toandv : T € atr(C); expry: T;

semantics
(oca,f tupdate(ewprl,v,expTQ) [ufﬂ] (07 5) — {(OJ, 5)}

—

where ¢’ = olu — o(u)[v — MM]] with
T

w— \L[[ea:pM/ belative o wp as
observables

Obsupdate(exprl,v,expr2) [ux] = {)
(error) conditions

expry, exprs obey visibility and navigability f ciw
nag C 614?(

b Lo
of ool s

Hety \palece

R 1

<

Not defined if I[ezpr ] (o, uy;) or I[exprs] (o, u,;) not defined.

26/34
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Update Transformer Example

- 11-2016-12-08 - Sactlang -

SMc: Jx:=x+1

[ 51

e Hox 41
eply Ve ik 2 S PI 4

tupdate(exprl,v,expw)[ux](a, e) = (o' =clur— o(u)v— MM]» g),u = Ifexpri] (o, uz)

U
U‘E“'/C ® \A:I@le(@’/ Uy )
i =T Lol (5, fot o)
y=0 o
lei-;o @%M.%-{JIKO—, U )
:%[[;Jf‘/‘(,‘(%ﬂ](ﬁ( {‘\'&K{->U’lg/
E. S

M

tﬁp@[g&’f’/&

27/34
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Transformer: Send
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abstract syntax concrete syntax
send(E(expry, ..., expr,,), €Tpr ) gy JE (et .| epo)
intuitive semantics
Object u,. : C sends event E to object expr ,.,, i.e. create a fresh signal
instance, fill in its attributes, and place it in the ether.
well-typedness
Ee&atr(E)={vy:T1,...,v5 : T} expr, - T;,1 <i<m
expr g - Ip, C, D € €\ &;
all expressions obey visibility and navigability in C
semantics
(0/7 5/) < tsend(E(emprl,...,e:cprn),exprdst) [ua:](a7 5)

@ ifo'=cU{u {v;—>d; |1 <i<n}}; & =ec® (uast,ur);
if ugse = Iexpr ] (o,u,) € dom(o); d; = I[expr;](o,u,) for
1 <1< n;
up € Z(F) afreshidentity, i.e. u-Z dom(o),
SCI/pC:'/ud "/Z) a Ma,,,q[,‘,\,c

@ and where (¢’,¢") = (0, ¢) if ugsy & dom(o). § oGt 4 we#w;,?
observables

Obssend[uaz] — {(u57 Udst)}

(error) conditions
I[expr](o,u,) not defined for any expr € {expr,,,, expry, ..., expr,}

10/32


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Send Transformer Example

- 12 - 2016-12-13 - Sactlangrest -

SMec: I\ F(z+1)

[ s1

O\

Lsend(bopremt E(eapry ..., expr, ) eapr ) [Ua] (0, €) 3 (07, €") ifffl\f\g/@w\;

Do’ =0 U{y— {v—=d; |1 <i<nt}iugs = I[ezprgyy](o, us) € dom(o);
A~ T e  —  —m— L

d; = Iexpr;[(o,uz), 1 <i < n;y € Z(F) afresh identity;

iz_‘,d_ vp: C = F
" ﬁsewo(( t, K-l’/,(/l) ”\\, il ;
o uy : C S 2R 0
P Y TLC 4 3o, u) = wy ¢donlr) TS

4 TCx-x413(00)=6
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Sequential Composition of Transformers Jeixrt; 1 'T0)
I

- 12 - 2016-12-13 - Sactlangrest -

S ")

o Sequential composition ¢; o t; of transformers ¢; and ¢, is canonically defined as

(t2 0 t1)|ua)(0, €) = talus](t1]uz|(0, €))

/\/\/‘V\/
~ " N

with observation

Obs (1y01,) U] (0, €) = Obsy, [uz](o,e) U Obsy, [uz](t1(o,€)).

o Clear: not defined if one the two intermediate “micro steps’ is not defined.

12/32
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Transformers And Denotational Semantics

-12 - 2016-12-13 - Sactlangrest -

Observation: our transformers are in principle the denotational semantics of the
actions/action sequences. The trivial case, to be precise.

. . 0 /ol (op) act
Note: with the previous examples, we can capture = (s2f L

e empty statements, skips, [exp3/act g
e assignments, - v_’[m\fejﬁ_]ﬁA) (52

o conditionals (by normalisation and auxiliary variables),

o create/destroy (later), @ (511 /i loqe) 2t S(s.!

Our (Simple) Approach: if the action language is, e.g. Java, Lot 5531 )
then (syntactically) forbid loops and calls of recursive functions.

but not possibly diverging loops.

Other Approach: use full blown denotational semantics.

No show-stopper, because loops in the action annotation can be converted into
transition cycles in the state machine.

13/32
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Course Map

-12 - 2016-12-13 - main -

v

S =
o/
M =

—
1 c N
y — "\ E
CD, SM o € OCL D, SD :
v/
o/
(7,¢,V,jatr), SM expr <, SD
!
(E?ﬂaA 7_>SM) V B = (QSD q0, 87 SD?FSD)
| ="
V Obs (.
eF 3 ( 5,7:)
- (0‘0, 50) consg,Sndg N (0_17 81)' .. Wy = ((0‘ , COMS;, Sndz))’LE]N
W NN i
C_’_%S)’l <\ )
G=(N,E, f)
v/
OD
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Transition Relation

15/32



Transition Relation, Computation

-12 - 2016-12-13 - Sstmrtc -

Definition. Let A be a set of labels and S a (not necessarily finite) set of

of states. We call
S CSxAxS

a (labelled) transition relation.

Let Sy C S be a set of ini:%ial states. A (finite or infinite) sequence
o E—y
&Y ao ai a2
S0 > S1 > So —> ...
<< -
with s; € S, a; € A is called computation Hows . rebiticn,
of the labelled transition system (S, A, =, Sy) if and only if

e it ook
e initiation: s € Sy Shies (el wit. <tk

e consecution: (s;,a;,s;11) €— fori € INy.

16/32


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Active vs. Passive Classes/Objects

-12 - 2016-12-13 - Sstmrtc -

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

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

o Note: The following RTC “algorithm” follows Harel and Gery (1997) (i.e. the one
realised by the Rhapsody code generation) if the standard is ambiguous or leaves
choices.

17/32
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From Core State Machines to LTS

-12 - 2016-12-13 - Sstmrtc -

Definition. Let .y = (%, %0, Vo, atrg, &) be a signature with signals (all classes in %)
active), 2, a structure of .#y, and (Eth, ready, ®, ©, [ -]) an ether over .%, and .

Assume there is one core state machine M¢ per class C € %.
exoy stole

We say, the state machines induce the following labelled transition relation on states
S = (X% x Eth) U {#} with labels 4 := 27(¢) ><|.2(9(‘°@) Ut x2(%) . 9(€)

WAA:M\*M\TF’/I ) _—
Snd : ‘
(U, 6) (cons,Snd) (0/,6/) ohsesvaton wbdf bas begn el o«

U ‘ (plas M/JG‘I\'Oﬂ) bfj’ s

. . (uell, objact
if and only if wbg Lot o )

(i) an event with destination u is discarded, ox
(i) an eventis dispatched to v, 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, o«

cons,()
( z )#

if and only if

(v) an error condition occurs during consumption of cons, or
s = # and cons = (.

18/32
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(i) Discarding An Event

-12 - 2016-12-13 - Sstmrtc -

(0,¢)
if

cndibhon o [U/Z>

and

os\rxo(m)kas On GT:S')

(cons,Snd)\

7
u

(

/
o Y

e’

19/32
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(i) Discarding An Event

-12 - 2016-12-13 - Sstmrtc -

,Snd
(0‘, 8) (cons,Sn )> (O'/,él)

L

L] = =
~
~

~

e an E-event (instance of signal F) is ready in ¢ for object uofaclass %, i.e.if
u € dom(c) N Z(C)ANJug € Z(E) : ug € ready(e, u)

o wu is stable and in state machine state s, i.e. o(u)(stable) = 1 and o(u)(st) = s,

e but there is no corresponding transition enabled (all transitions incident with current state of
u either have other triggers or the guard is not satisfied)

V (s, F, expr, act,s’) €= (SMc) : F # EV I[expr](o,u) =0

and
e in the system configuration, stability may change, vz goes away, i.e.
o' = olu.stable — b \ {ug — o(ug)}
where b = 0 if and only if there is a transition with trigger *_" enabled for v in (o7, ).
o the event ug is removed from the ether, i.e.

e =eOug,
e consumption of u g is observed, i.e.

cons = {ug}, Snd=~10. 193
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Example: Discard
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[z >0]/z:=x—1;n!J
SMC: -
Glx > 0]/x =y

{(signal, env))

H

((signal))
G,J

n
(

C

H/z:y/as . ()71}

x,z: Int
y : Int ((env))

!é:@i -
== .

c —
o C. %)
r=1,2=0,y =2 ({MZ%’)Q/B > c:C -
st = s < T=4,2=0,y=2 |
stable =1 st = S,
stable =1
> > 18,
(¢, ug)
/. v v
o u € dom(c)NZ(C) Y o o(u)(stable) =1, 0(u)(st) = s,
ug € Z(E),up € ready(e, u) o 0/ = olu.stable —_b) \ {ug — o(ug)}

o V(s,F,expr,act,s’) €= (SMc): o ¢ =coup
F # EV I[expr](o,u) =0 v o cons = {ug), Snd =10

20/32
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(i1) Dispatch

-12 - 2016-12-13 - Sstmrtc -

,Snd
(0_’ 8) (cons,Sn )> (0",8’)

u

if
o ucdom(oc)NZ(C)ANJug € Z(F) : ug € ready(e,u)
o wu is stable and in state machine state s, i.e. o(u)(stable) = 1 and o(u)(st) = s,

e atransition is enabled, i.e.
3 (s, F, expr, act,s') €= (SMc) : F = E A I[expr](G,u) = 1

where & = o|u.params g — ug]. eg. (XD E[M‘—‘-”m\/,;!& )

and

o (0’,€") results from applying t..: to (o, €) and removing ur from the ether, i.e.

(0//78/) € tact[’U/](a',E o uE), reOre U

o' = (0" [u.st — s, u.stable — b, u.params i — 0])| 2\ {up)

where b depends (see (i)
o Consumption of uz and the side effects of the action are observed, i.e.

cons = {ug}t, Snd = Obs;,,|u|(d,e Oug).

21/32
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Example: Dispatch

{(signal, env))

H

-12 - 2016-12-13 - Sstmrtc -

SMC:

r=1,2=0,y =2
st = s1
stable =1

((signal))
G,J

C

x,z: Int
y : Int ((env))

I

r=2,2=0,Yy=2

stable = O

F+E

o uE dom(a)\/ﬂ 2(C)
up € 2(E) ug € ready(e,w)
oj . expT, act; 5 ) €— (SMcoH

u)(stable) = 1, o(u)(st ==,

22/32
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(iii) Continue Run-to-Completion

-12 - 2016-12-13 - Sstmrtc -

,Snd
(0_7 8) (cons,Sn )> (0",8,)

u

if
o thereis an unstable object v of a class 7, i.e.

u € dom(o) N Z(C) A o(u)(stable) =0

o there is a transition without trigger enabled from the current state s = o(u)(st), i.e.

3 (s,_, expr,act,s’) €= (SMc) : I[expr](o,u) =1
and
o (o', &) results from applying t..: to (o, €), i.e.
(0",€") € tuct[u](o,2), o = o"[u.st — s, u.stable > b]

where b depends as before.
o Only the side effects of the action are observed, i.e.

cons =0, Snd = Obs;,,[u](o,¢e).

23/32



Example: Continue

-12 - 2016-12-13 - Sstmrtc -

[z >0]/z:=x—1;n!J

((signal, env))

H

((signal))
G,J

0,1

C

x,z: Int

y : Int ((env)) J

SMC: N
Gl > 0]/z =y
H/z :=y/x
_//
n /
l /
o c:C <@/, ] (C/(g)f)
r=2,2=0y=2
st = 89
stable = 0
E.

o u € dom(c)NZ2(C)
ug € 2(F),ug € ready(e,u)

F expr, acl, s’ ) € :
F =0



westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


(iv) Environment Interaction

-12 - 2016-12-13 - Sstmrtc -

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

Then
(O‘, 8) (cons,Snd)> (O'/, 8,)
if either (!) K dod kel lokoef

e anenvironment event £ € &.,, is spontaneously sent to an alive object u € dom(o), i.e.
o' =0 U{ug s {vi—d; | 1§i§n}f/ e =e® (u,ur)
where ug ¢ dom(o) and atr(E) = {v1,...,vn}.
e Sending of the eventis observed, i.e. cons = 0, Snd = {ug,)}.

or

e Values of input attributes change freely in alive objects, i.e.
Vv € VVucdom(o): o (u)(v) #o(u)(v) = v & Ven.

and no objects appear or disappear, i.e. dom(c’) = dom(o).
o &' ==

25/32
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Example: Environment

-12 - 2016-12-13 - Sstmrtc -

H/z

n

[
c:C

[z >0]/z:=x—1;n!J
SMec: Gz > 0]/x =y

=y/x

r=0,2=0,y =2
st = 89
stable =1

{(signal, env))

H

((signal))
G,J

C

x,z: Int
y : Int ((env))

o u € dom(o)NZ2(C)
up € Z(F),ug € ready(e, u)

o V(s, F,expr,act,s’) €= (SM¢) :
F # EV I[expr](o,u) =0

o ¢/ =B ug

o cons = {ug},

Snd = ()

o(u)(stable) =1, o(u)(st) = s,
o' = olu.stable — b \ {up — o(ug)}

26/32
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(v) Error Conditions

-12 - 2016-12-13 - Sstmrtc -

S (cons,Snd)> #
’ 4N
i, in (i), (i), or (i), Y
o [[expr] is not defined for o and u, or
o tuct[u] is not defined for (o, ),
and
o cons = (),and Snd = 0.
Examples: () = g
W’ P
o (5:)
 Bltree NG
[l‘l’ue]/act
. Dsl Elexpr]/x := ac/()[js2 (0g) — >#

27/32
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Example: Error Condition

-12 - 2016-12-13 - Sstmrtc -

[z >0]/z:=x—1;n!J
SMec: Gz > 0]/x =y

H/z:=y/x

n

[
c:C

r=0,2=0,y =27
st = 89
stable = 1

{(signal, env))

H

((signal))
G,J

0,1

C

x,z: Int
y : Int ((env))

o u € dom(o)NZ(C)
up € Z(F),ug € ready(e, u)

o Y (s, F,expr,act,s’) e— (SMc¢) :
F # EV I[expr](o,u) =0

o(u)(stable) = 1, o(u)(st) = s,

o' = olu.stable — b \ {up — o(ug)}

e =S ug

cons = {ug},

Snd = ()
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Example Revisited C " f
x : Int p 0..1 D
0..1 {(signal))
F
S : En#0/z:=z2+ 1;n!F
Me e " SMp
F/x:=0 /=10 /! F
1(] . C 5D - D
Nr. X n | st | stable p | st | stable 3 rule
0 27 5D S1 1 10 S1 1 (3F,1C)-<2E,1C)
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o State Machines induce a labelled transition system.

e There are five kinds of transitions in the LTS:

e discard: no matching state machine edge enabled,
may change stability.

o dispatch: a matching state machine edge is taken,
i.e. actions are executed (according to transformers),

e continue: a state machine edge without signal-trigger
is enabled, and is taken,

e environment interaction: dedicated environment signals
are injected into the event pool,

e error condition: a designated error state is assumed,
maybe due to undefined action transformers.

e For now, we assume that all classes are active,
thus steps of objects may interleave.
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