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Contents & Goals
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Last Lecture:
Ether

System configuration

This Lecture:

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

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

Content:
Transformer
Examples for transformer

Run-to-completion Step
Putting It All Together
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System Configuration, Ether, Transformer
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Where are we? Eln #0)/z =z + Lin!F
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F/x:=0 /n =10
Wanted: a labelled transition relation
(0,€)

on system configuration, labelled with the consumed and sent events,
(o/,&") being the result (or effect) of one object u, taking a transition
of its state machine from the current state mach. state o(u,)(stc).

(cons,Snd)

. (OJ, 8/)

Uy

Have: system configuration (o, &) 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' and when to stop taking
transitions — the run-to-completion “algorithm”.
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Transformer
e )
Definitio
Let E@*the set /of system conGEuratlons over some %y, Yy, Eth.
Heo ickee

We call a relation daﬁ‘-'“'dﬁ e“’-“k‘ ﬁl-ﬂ;‘“ @%‘70-4'4.74% e /i .
t C D(F) x (2% x Bth) x (% x Eth)

a (system configuration) transfm e fitg Hen acts
L befee 0 J

In the following, we assume that each application of a transformer ¢ to
some system configuration (o, ¢) for object u, is associated with a set of

wdghbe veuls wollout id  iof of recare,
observations .Ao(.swd\d, nous Uz,) / J (o,/iésﬁ'moﬁa‘..)

Obs,|uz)(0,€) € 92(¥€) x@(éa)xEvs(é" U {*,4},2)x2(¢)
i of Tevent 'W\ peciwnl {7"«-50[5 Fv
An observation (Ugyc, Ue, (E,d),udst) € Obsi[ugl(o,¢) wé_ wd o(esv(/aj
represents the information that, as a “side effect” of u, executing t,

an event (1) (F, cf) has been sent from wg,. tO U gst.

Special cases: creation/destruction.
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Why Transformers?
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Recall the (simplified) syntax of transition annotations:
annot ::= | (event) ['[' (gquard)']'] ['/" (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, C++, ...expressions

Action Language:

- UML Action Semantics, “Executable UML"
- Java, C++4, .. .statements (plus some event send action)
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Transformers as Abstract Actions!

exawole OCL:
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LLeped(qv) =
In the following, we assume that we're given tue, of LLepDi
$self 1> us) =
an expression language Ezpr for guards, and fele . ,?[ I@ﬂgz;‘
an action language Act for actions, d5Y/Puf) = fele
auc! Uuﬁ%&wf sflosar’se
and that we're given obact o 1o —
A
a semantics for boolean expressions in form ofé partjal function
v

IT-1(-, -) : Bxpr — (22 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 (£2 x Eth) x (X% x Eth)
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Expression/Action Language 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 “L".

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 ouly skp

send: modifies € — interesting, because state machines are built around
’—

sending/consuming events Qg w. r

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

update: modify own or other objects’ local state — boring Q'(f' s =X
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Action Language
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L e «fo/lom'wg we. consides

v} ed (e, E o) | opy, epr, cOteEp, E€ET
i oeate (¢, e, v) | (e & epre et &P, veV'S

2! dostog (eqe) | expe € OCLEgac §

EXf«j: QUL expresSaes oves P
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Transformer Examples: Presentation
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abstract syntax concrete syntax
op up&/a(e., v, ¢ ) CreV =G,

intuitive semantics
well-typedness

semantics
((0,€), (0", €")) € toplus] iff ...
or
topltz](0,€) = {(0',€")} where ...
observables
Obsep|tz] = {...}, not a relation, depends on choice

(error) conditions

Not defined if ...
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Transformer: Skip
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abstract syntax
skip

intuitive semantics

well-typedness

semantics

observables

(error) conditions

concrete syntax

slapP

do nothing

/. “l}[ Ue exeares sk

/OM (c5; ¢). e 1
(o) = ()} "oul 1< o)’

Obsskip [’U,x] (O', 5) = @

e
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Transformer: Update
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chan 7
[oca,f é‘:}wle
of ooject

concrete syntax

€xplye V = expYl,

abstract syntax
update(expry, v, expry)
intuitive semantics
Update attribute v in the object denoted by expr, to the value
denoted by expr,.

= -~
A. N

——

-

well-typedness -
\

expry Tc/and viTC atr(@); expry 1 T;
e;[&cf Jﬂé

expry, erpry obey visibility and navigability
semantics /Mu dewud
tupdate(exprl,v,eprQ)[ux](aa €)= {(OJ?E },_/ rm O
O —

where ¢’ = olu 4 o(u)lv |—> Iexpry] (o, 4)]] with
u = I[expr{](o,ug) "\ :

s wot clasge

el by expr,
for ot

observables

L—

Obsupdate(exprl,v,exp’r‘Q) [ux] =0

(error) conditions

\ o@'eu‘ w4

clhacse vty
O)[ 8"M 6(e)

e, (r-eg‘u:

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

L X3

"Pdde (en": ea) [Uk] (0; 2) =49/

—bux)
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Update Transformer Example
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. expl,
SMe: P
[ 51 ] PAm
Sﬂ-!g:, sdf.x

expr; V

[ 52 ]

update(expry, v, exprs)

U= I[[exprl]](a,é‘)

tupdate(e:nprl,v,ewprg) [ux](a, 8) — (O‘[’LL = U(u) [U = I[[exPTZ]](O-7&ﬁ)]]7 8)1

Je

Ux:'= U{

O. U]_:C /\N\M

z=4 ﬁ,,‘,,([uﬂ (v,2) =

y = Solow el ICxlf x+13 El],
5 9§
U:Il[&ﬂf-ﬂ(é',u‘) =Y

ul:C’
r=5
=0
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Transformer: Send
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abstract syntax

intuitive semantics

well-typedness
atr(E) = {v;

semantics

J,ajaae
Jymadu

out dance
e Cmu
dsv considss
Tt 1o e
A AN

—

observables

(error) conditions

c 71y

send(E(expfl, sy GIEan), exp’rdst)

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.

expr o - Tp, C, D € €\ &; E € &;
JUp Tt expr; t 1, 1 <i <m;
all expressions obey visibility and navigability in C

tsend(E(emprl,...,exprn),ea:prdst) [uaz] (07 5) 3(0/7 5/) l/ p
' =& ® (ugst, (

where o/ = U {u— {v; — d; | 1 <i<n}};
. A W
if ugse = Iexpr 4] (0o,u0) €dom(o);

1 <9 <mn;

— =
u € P(F) a fresh identity, i.e. u & dom(o),

—m and where (0/,¢’") = (0, ¢) if ugst ¢ dom(o) .
Ostend[ux] = {(Ua;, u, (E, dla I dn)7 U’dSt)}

I[expr](o,ug) not defined for any
expr € {expr o, €TPT, - .

concrete syntax

O st ! E(e"ﬁ TP e’f”ﬂ)

—do ot sauct tfo spral isheeces

destoratooL,
Q)

JW‘W

A
st
u),
;_gl_z-_ = I[expr;](o,ug for

. emmm

‘é-\é Hde'/
VA AXZ@
wt alve
o O

., expr, }
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Send Transformer Examplg, < oppal »
A
SMC’Z / #'\Z'F(CU!—I— 1). i
B Ll B
Py E Exp,
Send(E(exprla ceey €$p’rn), emp’rdst)
tsend(ewprsrc,E(e-’Epﬁ ..... expr,,),erpr o) [uw] (07 5) — e
o u: C Ux= Uy Vy: ! 0’
— — U — [u r
r=>5 " ) F (x+1) ) %22 :Z/ w: T
[‘{&,"_9' a- 6 |
| v '-d =2
é <=2F
f = Yo GaF) :f./
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