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TBA-based Semantics of LSCs 4 ,
B0%y -0
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Plan:
« Given an LSC L with body

(I(Z.2),~

Msg, Cond, Loclnv),

* construct a TBA By, and

o define language £(L) of L in terms of £(BL),
in particular taking activation condition and activation mode into account

2 o Then M k= L (universal) if and only if £(M) C £(L).
And M = L (existential) if and only if £(M) N £(L) # 0.

Contents & Goals

Last Lectu

« Symbolic Biichi Automata
« Language of a UML Model
« Cuts

This Lecture:

ies for following tasks/questions.

Educational Objectives: Capa

 How is the semantics of LSCs constructed?

© What is a cut, fired-set, etc.?
o Construct the TBA for this LSC

« Give one example which (non-)tri

ly satisfies this LSC.

Content:

o Cut Examples, Firedset
+ Automaton construction
 Transition annotations

« Forbidden scenarios

Formal LSC Semantics: It’s in the Cuts!

Defi n.
Let (I, (£, <), ~,.#, Msg, Cond, Loclnv) be an LSC body.
A non-empty set () # C C .Z is called a cut of the LSC body iff

o it is downward closed, i.e. VI,lI'el' € CAI 3l = 1€C,

e it is closed under simultaneity,

Vil'el' cCAl~I = 1€C, and

it comprises at least one location per instance line,

Viel3dleC

i1 =i

A cut C'is called hot, denoted by §(C) = hot, if and only if at least one
of its maximal elements is hot, i.e. if

g JleCef(l)=hot NAl' e Col <1

Otherwise, C'is called cold, denoted by #(C) = cold.
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Live Sequence Charts — Semantics

Cut Examples

0] 2]

2] ®

[0# C'C # — downward closed —

ultaneity closed — at least one loc. per instance
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Cut Examples

A Successor Relation on Cuts

The partial order of (.7, <) and the simultaneity relation “~" induce a direct

[0 € € # — downward closed — simultaneity closed — at least one loc. per instance I

successor relation on cuts of . as follows:

Successor Cut Example
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CNF=0—CUF isacut — only direct <-successors — same instance line on front
pairwise unordered — sending of asynchronous reception already in

on. Let C,C’ C .Z bet cuts of an LSC body with locations

D

(£, =) and messages Msg.

(" is called direct successor of C' via fired-set F, denoted by C ~~p C’,

if and only if ke ) %9..

o F#0, Sl 9

. Co\C=F, the,

« for each asynchronous (1) message reception in F, the corresponding sending
is already in C,

V(LE,)eMsgltl '€ F — l€C, and

« locations in F, that lie on the same instance line, are pairwise unordered, i.c.

VLU EF:1#1U Nip=ip = LRI AL A1
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Successor Cut Example

CNF=0—CUF is a cut — only direct <-successors — same instance on front

pairwise unordered — sending of asynchronous reception already in

[ e
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Properties of the Fired-set

C ~p C'if and only if

o F#£0,

« C'\C=F,

e Y(LEI)EMsgl Al I € F = L€C,and

CVLIEF AU Nip=ip = LZINI A &«mw\
kasm

Note: F is closed under simultaneity.

Note: locations in F are direct <-successors of locations in C,

VIeF3AleC:I<UAB" eC F<1"<I' &)
“r
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Language of LSC Body: Example
L The TBA By of LSC L over ® and & is (Eaprys(X), X, Q, qini, —+, Qr) with
-+ Qisthe set of cuts of L, qini is the instance heads cut,
7 Baprg(X) = Eapr 5 (£, X) (for considered signature .7"),
S o — consists of loops, progress transitions (by ~ ), and legal exits (cold cond./local inv.),
© +Qr={C€Q|6(C)=coldVC =2} is the set of cold cuts and the maximal cut.
10128 i 11/



TBA Construction Principle TBA Construction Principle Loop Condition AT asc

8
The TBA B(L) of LSC L is (E: X), X, i So in the followi “only” need h itions' labels: vone of duf . — eaprMsg aprLociny pyLociny o | ACBAC
wpr(X), X, Q, Ginis =, Qr) with 0 in the following, we “only” need to construct the transitions' labels: rakﬁr ssages €7 (9) = expr™E(q) A eapriee™ (g) A exprisd™ (q) \ /
¢ Qs the set of cuts of L, gin Is the instance heads cut, == 97100y (0):0) | 0 € QEUAs 097310y (00, 0) | 01 4 FOL(G: €700 (0), 2) | 0 € Q) edreed VX
o Erpri(X) = Expr_,(&,X) (for considered signature .#), o ™) = Ve e ™5 (aa) A (strict —> A cooan fé%n«i.ﬁ!. et
<i<n » i capr € €7 NMsg( 2

)

Y4,.15.)

A location [ is called front location of cut C'if and only if #1' € L el <’

Msg, Lochny

(a) A expris™ (q) Aezpriod™ (q) eapri™™(9) = Ne—e

p(a) = expr’ )eLoclnv, O(£)=0, £ active at g

loops, progress transitions (by ~ ), and legal exits (cold conditions / cold local invariants),

€TPT rog (4, Gn) =

) A eaprSad(a, qn) A Local invariant (lo, to, ¢, 11,

© P={C€Q|O(C)=coldV C =%} is the set of cold cuts.

eaproie(a) = is active at cut (!) g if and only if Iy <1 <, for some

So in the following, we “only” need to construct the transitions' labels: g : \ o 0
caprh A —ezpriodm A0 (g, gn) ront location [ of cut (1) g.
= {0 7100 (0,0 | 4.€ QYO0 9T 04),4) | 4 5 YO 507 0).2) | 1 € Q} (el (o) A mesprGi @) .
VVicicn eap 4,a) A 4.an) = eapr™*¥(q, qn) * Msg(F)={ | (ILE.l') e Msg, 1 € FYU{ | (1LEI')eMsg, I' € F}
(ot .00 v ) e ) « B F2) = U, M)
DT 100 (4): “what —erpresid(q, q;)) (7 Uisizn
: a
we 0 :
§ of firedset H
Progress Condition Example Finally: The LSC Semantics

A full LSC L = ((I,(Z. <), ~,.#, Msg, Cond, Loclnv), acy, am, ©,) consist of
body (I, (%, <),~,.#, Msg, Cond, Loclnv),

« activation condition acy : Bool € Expr.,, strictness flag strict (otherwise called
permissive)

M55 (g, gu) A eaprCM(g, gu) A exprioi™® (g,

)

G 2
NPT (3,9, n 0p P0G
eopr™(4,05) = Acaprevsatansa) SP7 A Ay si Nrpreisglas o iss(anran “62PT

A (strict = e —eapr)

eaprist,(a,4:) = expr’

.

.

 activation mode am € {init wariant},

chart mode existential (61, = cold) or universal (€, = hot),

Msg(£)) \Msg(

Cond
exprg™(q,a:) = Ay —(n.4)econd, 0(2)=0, Lo(g\a)#0 P

Loclnv,e Concrete syntax: Op=colf

o eaprg™™* (g, q) = As- esta P

Local invariant (Lo, to, &, 11, 1) is e-active at ¢ if and only if

)ELoclnv, O(A)=6, X o=

o lp <1<y, or

e l=lgAw =8 or

el=lhiAu=se

for some front location [ of cut (!) q.

>
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Finally: The LSC Semantics

A full LSC L = ((I, (£, <), ~..#, Msg, Cond, Loclnv), acy, am, ©,) consist of
body (I,(Z, <), ~..#, Msg, Cond, Loclnv),

on condition aco : Bool € Eapr,, strictness flag strict (otherwise called
ve)

« activation mode am € {initial, invariant},

(61 = cold) or universal (€, = hot).

.

* actiy
per:

« chart mode existent:

A set of words W C (S% x A)* is accepted by L if and only if

Al ket ix choh
o chubeg
or am = initial am = invariant
o [Fwew3geun Fyacn [ JweW 383k e Noow* 5 acA
8 w® =g expri®(®, Co) Aw/1 € L(B(L)) |=s exprig? (0. Co) Aw/k+1 € L(B(L))
L | vwewvaeu by ac = VweW VB YkeNoouw* =5 ac =
L2 w’ exprigr® (0, Co) Aw/1 € L(B(L)) w =g eaprigt(0,Co) Aw/k+1 € L(B(L))

> where ac = aco A exprS3it(0, Co) A expr™s8(0), Co); Cy is the minimal (or instance heads) cut.

Existential LSC Example: Get Change

=
get change =

frue o
invariant |I:  permissive

»t:,x\ SOFT
au)»a

dSOFT

I
i
1 chg-C50
|
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Activation Condition

Live Sequence

Charts — Precharts

Existential LSC Example: Buy A Softdrink

buy softdrink
true
invariant I permissive

El

SOFT

dSOFT

| 19/28
Pre-Charts
A full LSC L = (PC, MC, aco, am,©y,) actually consist of
o pre-chart PC = (Ip,(Zp, <p),~p,-# Msgp, Condp, Loclnvp) (possibly empty),
o main-chart MC = (Inr, (L1, =n), ~ar, 7, Msgy;, Condar, Loclnvar) (non-empty),
 activation condition acy : Bool € Expr ,, strictness flag strict (otherwise called
permissive)
5 o activation mode am € {initial, invariant},
o chart mode existential (8, = cold) or universal (6, = hot).
w, 22/



Forbidden Scenario Example: Don’t Give Two Drinl~

Pre-Charts Semantics

am = initial

am = invariant

cold

JweW 38 3Im e Noou® =5 ac
prieed(0,CF)
sw/m € L(B(PC))

Au’ kg

JweW 383k <me Noew* =5 ac
Ak g eopris(0,Cf)
Aw/k+1,.. w/m € LB(PC))
AwmH =g eapriond(9,CM)

Aw/m +1 € LBMO))

hot

Cond
hot

A g eapr
Aw/1,

s eaprisa (0.
Pr 0.

B(MC))

YweWVEVk<meNge
Ak g eaprée(0,C)
Aw/k+1,.. w/m € LB(PC))

5 ac

Aw/m+1 € LBMO))

LSC:only one drink

AC: true
AM invariant |

OLDENBURG

permissive

\

E1l

/ Vend. Ma. |\
\

i SOFT

\ dSOFT

\ dSOFT

false

Universal LSC: Example

Grocpare ] [ o
:

Note: Scenarios and Acceptance Test

o Existen

I LSCs* may hint at test-cases for the acceptance test!

(: as well as (positive) scenarios in general, like use-cases)

o Universal LSCs (and negative/anti-scenarios) in general need

(Because they require that the software

exhibits the unwanted behaviour.)

Universal LSC: Example

By water
e
invariant 1

srict

References
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