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Plan:
(i) Given an LSC . with body
((L,=,~),Z,Msg, Cond, Loclnv, ©),
constructa TBA B, and
define language £(.2) of .2 in terms of L(Bz),
in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model

« Then M |= . (universal) if and only if L(M) C L(.Z).
And M = ¢ (existential) if and only if (M) N £(.£) # 0. . g
5o

Live Sequence Charts — TBA Construction

so

Live Sequence Charts — Semantics

Formal LSC Semantics: It’s in the Cuts!

ion.
((L,=,~),Z,Msg, Cond, Loclnv, ©) be an LSC body.

Anon-empty set()  C' C L is called a cut of the LSC body iff

« itis downward closed, ie.V1,l' o ' € CAL =1 = 1€ C,

« itis closed under simultaneity,

Vil'el' e CAlL~1' = l€C,and

« it comprises at least one location per instance lin
VieI3leCeoi=i.
The temperature function is extended to cuts as follows:

m@uﬁzs Jif3leCe (@l € Col <) AO() = hot

cold , otherwise

thatis, C'is hot if and only if at least one of its maximal elements is hot.
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Cut Examples
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Cut Examples

i 0#CC L-d vd closed — si ity-closed—

it least one loc. per instance line

_ 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line

Successor Cut Example

CAF=0-CU Fisacut-onlydi
sending of asynchronous reception

aleadyin )
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Successor Cut Example

CNF=0-CUFis
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A Successor Relation on Cuts

The partial order “<" and the simultaneity relation “~" of locations

induce a direct successor relation on cuts of an LSC body as follows:

Definition.
Let C C L betacutof LSCbody ((L, <, ~),Z, Msg, Cond, Loclnv, ©).
Aset ) # 7 C L of locations is called fired-set 7 of cut C'if and only if

* CNF=0andC U Fisacut

« alllocations in I are direct ~-successors of the front of C', i.e.
YIEFIV eCel' <INFI" €Col' <1" <1),

. F'is closed under simultaneity,

« locations n F, that lie on the same instance line, are pairwise unordered, ie.
VIAUE€Fe@AICTo{LI}CI) — LAUAL 2L,
« for each asynchronous (1) message reception in £,
the corresponding sending is already in C,
Y(l,B,l)EMsgol! € F — L€ C.

Thecut C’ = C'U Fis called direct successor of C via F', denoted by C' ~ . C”.
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Language of LSC Body: Example

The TBA By of LSC .2 &versamed is (Eaprs(X). X, Q. ini, —, Q) with
« Qis the set of cuts of Z. g, is the instance heads cut,

© Brpru(X) = Ezpr., (&, X) (for considered signature ),

« — consists of | = p).and legal localinv),
* Qp = {C €Q|O(C) =cold v C = L} is the set of cold cuts and the maximal cut.
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Signal and Attribute Expressions TBA Construction Principle

o Let.” = (7,%,V, atr, &) be asignature and X a set of logical variables, Recall: The TBA B(.Z) of LSC % is (Exprg(X), X, Q, ini, —, Q ) with

« Qisthe set of cuts of 2. q,,, is the instance heads cut.
© Brprg = 30 &n(X),
 — consists of loops, progress transitions (from ~

« The signal and attribute expressions Eapr . (&, X) are defined by the grammar:

= true | Esy | Biy | [ 91V 2] epe,

where expr : Bool € Ezpr ,, E € &,x,y € X (or keyword env).

and legal exits (cold cond./local inv.).
© F={CEeQ|O(C)=cold v C = L}isthe setof cold cuts.

Soin the following, we “only” need to construct the transitions labels:

* Weuse (@),9) |9 € Q}uU{(a,

—={(a,¥ (2.4").d) [a~ra'}u{a

62(X) = {E\, E., | E€ & 2,y € X}
to denote the set of event expressions over & and X.

TBA Construction Principle

Loop Condition Progress Condition

) = M%) A U™ (@) A O™ (0)

i Lociny, o

ot (s i) = UM, an) A V(a0 an) A b

(an)

JMsg(q) — M — s _ ,
o Y5(q) = = Vigic, ¥M5(0, n;Z::hDE * U000 = Apemasang ¥ N Az Avessta; o\ wes(ai\a) ¥

A (strict = >emg£5/ga:..;is
—_—
JeLochnv, 6(£)=0, Cactveatq =tVma(9.0:)

W) = A

n Lis called front location of cut C if and only if 11’ € Lo 1 < I o UE0,00) = A1y 60—, £
wariant (Lo, 10, ¢, 1, 1) is active at cut 1 ¢
lo <1< {1 for some front location { of cut glor41-&-¢-Arr-=—e:) Locinv.e

o Py (2:9:) = Ax=(
Msg(F) = {E,, (LE,I') € Msg, L € FYU{E] ., | (1LE,I') € Msg, I' € F}

JELoclny, ©(A)=6, A s-activeat;

Localinvariant (lo, o, ¢, 11, ¢1) is e-active at ¢ if and only if
N N o lp <1<l
o 2 € X is the logical variable associated with e

the instance line 7 which includes , ie.1 € 1. o=l Ao =eor

el=linun=e

Msg(F1, ... Fn) = Uy <i<n Msg(Fi) for some front location [ of cut

“Only” construct the transitions'labels:

wla:4),d

== {(a Yioop(a), @) | a € Q} U {(a, Yla~rdtuf

“(a) A U™ (@) MES™ (@)

)=
a) Al (@)
V Vi

AV (@ a0 V-

PRYSTETE

Lecovs (o)

9:qn)

A @, a) A
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Example

for the instances lines
(from left to right).



Course Map

From Finite Automata to Symbolic Biichi Automata

% A ¥ ={0,1}
w 3 Biichi
D, SM peocL . (=) VAVaVaVaVAVAVAUN

v = infinite words
\L\ vm\ m\ ! lag(A)=0.(r0)"

J N
S = (F6.V,atr), SM capr

\.\\Hx ) Excursion: Biichi Automata

a 2= ({r} » N)
soeh even(a)
“ANNANNNNNA~
infinite words odd(z)
3 % 18/50 ® 1950
Symbolic Biichi Automata Word Run of TBA over Word
Definition. A Symbolic Biichi Automaton (TBA) is a tuple n. Let X be asetof logical variables and let £zpr 5 (X) be asetof Boolean Definition. Let 5 = (Ezprys(X), X, Q, gini, —, Qr) beaTBAand
B Am Axv 5 Q Q u expressions over X.
= (&xpr, X, @ Gini, =, QF W =01,02,03,...
s Aset (%, = -) s called an alphabet for Ezpry(X) if and only if
where aword for Ezpr;(X). Aninfinite sequence
o foreacha € 5,
« Xisasetof logical variables, ) _ )
« for each expression ezpr € Eapry, and 0=00,q1,q2,-.- € Q
o Eapryg(X) is a set of Boolean expressions over X, ) )
et « foreach valuation /3 : X — %(X) of logical variables, is called run of 5 over w under valuation 3 : X — Z(X) if and only if
« Qisafinite set of states,
* quni € Qis the nitial state, either o |=3 expr or o |£5 eapr. * 40 = Gini.
« = C Q x Eapry(X) x Qs the transition relation. Transitions (g, %, ¢') from g to ¢’ (o satisfies (or does not satisfy) eapr under valuation 8) « foreach i € INg there s a transition

are labelled with an expression 1 € Eprys(X). (gis iy Qi) €
« Qr C Qis theset of fair or accepting) states. :
An infinite sequence e R

w=()icmy €E°

over (3, |=. -) is called word (for Ezpr(X)).

Example:
20s50 b 250 b




The Language of a TBA

Definition.
We say TBA B = (Epryg(X), X, Q, gini, — Q) accepts the word

w = (01)ien, € (Ezprg — B)”
if and only if B has arun
0= (a:)ien,

over w such that fair (or accepting) states are
. such that

ited

VieNodj>i:q; €Qr.

We call the set £(B) C (Eapry; — B)* of words that are accepted by B the
language of 5.

2= (2} =)

even(z) even(z)

Example:

References
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