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Last Lecture:
o Ether

e System configuration

This Lecture:
o Educational Objectives: Capabilities for following tasks/questions.
o What does this State Machine mean? What happens if | inject this event?
o Can you please model the following behaviour.

o What is: Signal, Event, Ether, Transformer, Step, RTC.

e Content:
o Transformer
o Examples for transformer
o Run-to-completion Step
e Putting It All Together
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Where are we?

System Configuation, Ether, Transformer

@“ En#0)/z:=x+1;n!F //@
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Fla = i)\\\*\m«/////n =0
Wanted: a labelled transition relation

,Snd
(0,) LeomeSnd) 1 oy
Ug
on system configuration, labelled with the consumed and sent events,
(0’,€") being the result (or effect) of one object w, taking a transition
of its state machine from the current state mach. state o(u;)(stc).

Have: system configuration (,¢) comprising current state machine state
and stability flag for each object, and the ether.

Plan:

(i) Introduce transformer as the semantics of action annotions.
Intuitively, (o/,¢") is the effect of applying the transformer
of the taken transition. -

(ii) Explain how to choose transitions depending on’e and when to stop taking
transitions — the run-to-completion “algorithm”.
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Definitio
Let E?;"‘the set fof iﬁt&rﬁﬁgjiﬁﬁ&i?ns over xej(; QO'fth.QA'
: : cl e gesRT O .
We call a relation o ach f Vaamh R
t C D(%) x (X2 x Eth) x (£Z x Eth)

, . seetro
a (system configuration) transformer. gt ‘:;cg:z:a Z acticd
e Y
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In the following, we assume that each application of a transformer ¢ to
some system configuration (o, €) forbé)bject U, is associated with a set of

. willout i of of reces
. —_) (474
observations i o se«{JI nsue \-JU") / ‘/ @,{(a-ﬁ%v‘vﬁbu)
Obs,[uz](0, ) € 2@(%)><@(<§’)><Evs(é° U {*,+},2)x2(¢€)_
W ot SN specinl bl o

An observation (U, Ue, (E,(f),udst) € Obsilug)(o,e) e awd &Sﬁoj
represents the information that, as a “side effect” of u, executing t,

-

an event (!) (E,d) has been sent from g, t0 ugst.

Special cases: creation/destruction.
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Why Transformers?
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Recall the (simplified) syntax of transition annotations:
annot = [ (event) [‘[ (guard)]'] [‘/ (action)] |
Clear: (event) is from & of the corresponding signature.

But: What are (guard) and (action)?

UML can be viewed as being parameterized in expression language
(providing (guard)) and action language (providing (action)).

Examples:
Expression Language:
- OCL
- Java, C4++, ... expressions

Action Language:

- UML Action Semantics, “Executable UML"
- Java, C++, .. .statements (plus some event send action)
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Transformers as Abstract Actions!

exawple OCL:
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-T—-(IC*{N](GTU) o=
In the following, we assume that we're given tue, if TLepdi;
¢ ® sl pi8) =
. . e,
an expression language Fxpr for guards, and Fls, ,[ TCepy(lo;
an action language Act for actions, 2sY/hu)= felse
ol _uefricad Haserise
and that we're given oot d to
edusate v
a semantics for boolean expressions in form ofé partial function
\

IL1C-, ) 2 Bapr — (85 x 2(%) + B)
which evaluates expressions in a given system configuration,

Assuming I to be partial is a way to treat “undefined” during runtime. If I is not
defined (for instance because of dangling-reference navigation or division-by-zero), we

want to go to a designated “error” system configuration.

a transformer for each action: for each act € Act, we assume to have

tact € D(€) x (X2 x Eth) x (X2 x Eth)
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Expressorn/Action Languag Examples
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We can make the assumptions from the previous slide because instances exist:

for OCL, we have the OCL semantics from Lecture 03. Simply remove the
pre-images which map to “1"”.

for Java, the operational semantics of the SWT lecture uniquely defines trans-
formers for sequences of Java statements.

We distinguish the following kinds of transformers:

skip: do nothing — recall: this is the default action ou@ slal'o

send: modifies € — interesting, because state machines are built around
sending/consuming events ey wlF

create/destroy: modify domain of o — not specific to state machines, but
let's discuss them here as we're at it eg new d, delle n

update: modify own or other objects’ local state — boring a"‘f' = XA
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Action Languagp
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L e {v[/owing we  consides

/(k{:f = {dﬂ‘?i
U{VPJ(‘/‘? (e"ﬁ“"/vl CKH;) ’m«/wz eméﬂ/ Vévf
vl ed (ep, € op) | oft, e, cteEp, E€ET
vi oeale (¢, e9¢v) | Ce & expce & veVy
V{ doshoy (oge) | oxps € OCLExaif

Transformer Examples. Presentation
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~ 13—

abstract syntax concrete syntax
op up&/&(e,, v, e ) e, oV T e{

intuitive semantics
well-typedness

semantics
((o,€), (0, €")) € toplug) iff ...
or
topltz)(0,e) = {(0’,€’)} where ...
observables
Obsepluz] = {...}, not a relation, depends on choice

(error) conditions
Not defined if ...
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Transformer: Skip
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abstract syntax

semantics

skip stap
intuitive semantics
do nothing
well-typedness
/. S ue exeades

observables

Obsgxiplug)(o,e) =0

(error) conditions

concrete syntax

o (5e). W fe
tlus)(0,€) = {(0,€)} eull s (&z)"

sL}v
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Transformer: Update
abstract syntax concrete syntax
update(ezpry, v, expry) Expl, e v = 2
intuitive semantics
Update attribute v in the object denoted by expr; to the value
denoted by expr,.
well-typedness AT T T AT T T T~
expry i 7¢ and v T € atr(C);  expr LT
pTry i TC : ; 9 I T, ‘
expry, expr, obey visibility and navigability ethes dess uof clasge

chan 7
local d:ﬁla‘lc
of oSjeck |

1\

semantics valuy e

fupaate(eapr v empry) [Ual(0:6) = {0, 0)} =7 4 o

where o' = ofu — o(u)[v — I[expry] (o, 4)]] with
u = Iexpr,](o,wu
[expry] (o, vl

el by expi,
76{0@&#‘(4

observables S N
Obsupdate(exp'rl,v,ezpr2)[um} = 0 o; .

(error) conditions

"La“ie m&_
Op[ V e 6'6()
¢ cfmvoeé/%
e, (eptive

Not defined if I[expr;](o,ux) or I[ezprs](a,ue) not defined.

e, wpdate (e, v e2)[n] (5;6)~0"

-bUX)
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Updae Transformer Example

SMc: —F2
Jri=x+1
(51 7 (2]
sﬂ-,[.x sdf.x
vy-‘-vv
expr, vV

update(ezpry,v, exprsy)

tupdate(ezprl,v,expr2) [uz](av E) = (U[u = U(u) [’U = IuexpTQ]](avﬁ)”7 E)'
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u = Ifexpr,] (o, o
Vi
g Ui - c /\/\kﬁg’\/w U ¢ o’
=4 g a3 ) - r=3
: y=0 jelom o [} I‘E&‘L’“ 13(0',(/,)]]/ y=0
5 9f
é U—:Il[&d&i(o’,u‘) = uf
g € g'=¢
v 1350
Transformer: Send
abstract syntax concrete syntax
send(E(expry, ..., expr, ), €xpr 44,) O st !E(“ffu e,

intuitive semantics
Object u, : C sends event E to object expr g, i.e. create a fresh
signal instance, fill in its attributes, and place it in the ether.
do vt sewd o .v‘ux/ iashas Ges
expr 1 Tp, C,D € €\ & E € &;
atr(E) ={v1 : 11, ... 0 T} expr; i1, 1 <i <y
all expressions obey visibility and navigability in C'
semantics o 4/ M“A’w«
tsend(E(ezprl yee 0, €TPT, ), €TPT 44 ) [uw](ga 5) ‘9(0/7 8/) '/ r ie( ‘f “ew ) M
where ¢/ = o U {u — {v; H;@,L' 1<i<n}} 5’25@(ud5t,u{
if wugst = Iexpr gq.](o,u9 €dom(o); ;gd_z_ = I[expr;](o,u9 for

well-typedness

J.szo;ae —
nidia

1<i<nm;

u € P(F) a fresh identitxﬂg dom(o),
out drice ~m and where (0/,&") = (0,¢€) if uger ¢ dom(o) . é\ﬁ. Z?(
we conld observables et 4:’:6)}'
i casdsy Obsgena[tia] = {(tg,u, (B, dy,. .. dp), tas)} o
t to e (error) conditions
A AN I[expr](o,w) not defined for any

expr € {expr 4o, €XPT1, ..., €TPT, }
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Send Transformer Example selfor
sli{ “
SMe: Jo i P 4+ 1);.
S1 s - 52
ey £ &y
send(E(expry, ..., expr,,), €TPT 45;)
tsend(ezpr_w,E(ezprl ,,,,, ezpr"),ezp'rdq,v)[uz](av8) = .-
- up : C Ux=th vyl o’

.ﬂ

|

ON

/\/\/\-a — “ -
€r = 5 n VI!F(){"’) x5 W:
IUL:C' a=

el L

E -
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