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Excursus: Symbalic Biichi Automata (over Sgnature)

Contents & Goals

Last Lecture:
o LSC concrete syntax.

© LSC intuitive semantics.

This Lecture:
» Educational Objectives: Capabi
* What does this LSC mean?
© Are this UML model’s state machines consistent with the interactions?
» Please provide a UML model which is consistent with this LSC.

es for following tasks/questions.

» What is: activation, hot/cold condition, pre-chart, etc.?

» Content:
= Symbolic Biichi Automata (TBA) and its (accepted) language.
* Words of a model.
o+ LSC abstract syntax.
» LSC formal semantics.

Symbadli ¢ Biichi Automata

A Symbolic Biichi Automaton (TBA) is a tuple
B = (Baprg(X), X, Q, gini, —, QF)

where
« X is a set of logical variables,

Expri(X) is a set of Boolean expressions over X,
s Qisa

Gini € Q is the initial state,

ite set of states,

— C Q x Ezpryg(X) x Q is the transition relation.
Transitions (g, %, q’) from g to ¢ are labelled with an
expression ¢ € Exprp(X).

+ Qp C Q is the set of fair (or accepting) states.
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TBA Example

[ Bpra(X), X,Q, i, @r), (@,9:4) €=,

Q=5g,.5,0 85}
e =1,

Qﬂqgw
X = $xql
Expry ()

a(@,y)

inM\?\ éaﬁyw&;

Run o TBA over Word

Definition. Let B = (Ezprg(X), X, Q, gini, —,Qr) be a TBA

and
«©
w= 01,02,
a word for Ezprs(X). X
o
An

v
B\e

0=00,q1,q2:--- € Q¥

is called run of B over w under valuation §: X — 2(X)
if and only if

® o = Gini,

o for each i € Ny there is a transition (q;, %, gi+1) €—
of B such that o; =3 ¥;.

. a(2,,2,) | 6G1L ) -
[fe,,22)) e ]
WAt easek

on. Let X be a set of logical variables and let Ezpriz(X)
be a set of Boolean expressions over X.

Aset (5, = -) is called an alphabet for Ezpr(X) if and only if

o foreach o € %,

« for each expression ezpr € Erprg, and

o forleachivaluation! 11X =12 () of Iog callvariables toldos
main 2(X),

either o |=5 expr or o g expr.

e sequence

w = (0i)ien, € 2

over (%, |=. -) is called word for Ezprys(X).

013012

6/77 T
Run Example [e=aaua.- €Q° st oi o v i € No.
@D -ate.w)
a(@,y)
bz, y) A —eapr @.
=b(z, y)
b(z,y) A expr

ey, z) Vely, z)) e Slde Sa

Word Example

—a(@,y)
a(z,y)
bz, y) A —expr 6. o)

b(x,y) A expr

see SV 5

The Languag of a TBA

Definition.
We say B accepts word w (under 3) if and only if B has a run

—_—

over w such that fair (or accepting) states are visited infinitely

. —_—
often by g, i.e., such that ==

0= (¢)ien,

VieNg3j>iiq € Qp

We call the set Lg(B) C X of words for Exprg(X) that are
accepted by B the language of B.

1177



Languag of the Example TBA e. aley)
a(z,y)
b(x,y) A —eapr
L3(B) consists of the words e. —b(z,y)
b(z,y) A expr

w = (0)ien,

@D ~(el.2) v ew.)

oy, z) Ae(y, 2)

(o) (.

[y ) A—d(y, z)

v.2) (@)D ~d(w. 2)

where for 0 < n < m < k < ¢ we have

for 0<i<n, o; fpg aley)

o Ep alay)

forn <i < m, o; foblny)

o Fis blag\nexs

for m <i <k, o1 f, uy)velyz)
o o clywdnely2)

fork<i M \.M %w A2 ) foyx)

dy,z) A S|
~f(y,x)

.

.

127

Words over Sgnature

Definition. Let . = (7,6, V,atr,&) be a signature and 2 a
structure of .. A word over . and 2 is an infinite sequence

(01, consi, Snd;)ien, 4
c AMW x 92(€)XEus(8.2)x2(6) mﬁﬁxmim.@xw@v
C M'k

15,77

30122
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The Languag of a Model

Recall: A UML model M = (62,54 ,0%) and a structure & denotes a
set [M] of (initial and consecutive) computations of the form

(00,20) =% (01,1) 5 (02,2) 225 ... where

€ 22O X Evs(6.2)xD(6) 9@ (6)xBus(£.2)xD(€) ().

a; = (cons;, mirw:v
—iA
Ll . . . .
For the connection/bétween models and interactions, we disregard the config-
uration of the ether and who made the step, and define as follows:

Definition. Let M = (€2, %#,0%) be a UML model and 2 a
structure. Then

L(M) = {(gs, cons;, Sndi)ien, € (55 x A)“ |

,.ﬂWIA{JJ:uE?mia

3Erwdien, : (0,60) T (g, 1) - € [MI)

is the language of M.

16/77

18- 2013.01.22 - mai

Back to Main Track Languag of a Model

Example: The Languag of a Model

L(M) = {(0, consi, Sndi)ien, € (55 x A)* |

(conso, Snda)

3 (s uidiens : (00,50) == (o1,0) -+ € [MI}
A Sy B Zngn,
J%M\sﬁ N FG [ _
v
&
Ve B.; A o) E7
e (0,00 25 )7 7 -wlwmm;t <
83 %

I’
= (s, £,7), (5:%8), (o801, (53,6,9), (6, €5),

4
{emre, R

w\wnm £
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Sgnd andAttribute Expressons Saisfaction of Sgnd and Attribute Expressons Saisfaction o Signd and Attribute Expressons

o Let " = (J.€.V, atr, &) be a signature and X a set of logical variables, o Let (0, cons, Snd) € £% x A be a triple - « Let (0, cons, Snd) € £% x A be a triple
consisting of system state, consume set, and send set. é consisting of system state, consume set, and send set.

o Let 31 X — 2(%) be a valuation of the logical variables. o Let 3: X — 2(%) be a valuation of the logical variables

« The signal and attribute expressions Ezpr (&, X) are defined by the 5 y
grammar: 7 Then c/,_ue\ ielewrins QU pameniess are Then
. Y 5 '+ (0 cone, )
b o= true| capr | B, | m.me [ | oY s, (o, cons, Snd) =5 true (o, cons, Snd) =g true Y
vl « (0 cons, Snd) =5~ if and only if not (o, cons, Snd) =5 1) « (0. cons, Snd) |=5 —0 if and only if not (o, cons, Snd) =5 Cen 4
where czpr : Bool € Eupryy, E €&, z,y € X. o (o, cons, Snd) =5 1 V ¢ if and only if * (0, cons, Snd) =5 ¥y V 2 if and only if
(0, cons, Snd) f=5 ¥ or (o, cons, Snd) |=p ¥ (0, cons, Snd) =g 11 or (o, cons, Snd) =5 162
+ (0, cons, Snd) k= capr if and only if I[expr](o,3) = 1.~ oplct, « (0, cons, Snd) =5 eapr if and only if I[ezprl(c, B) = 1

“og
« (0, cons, Snd) [=p EL, if and only if 3d'e (8(x), (E,d), B(y)) € Snd hokes
o (o, cons, Snd) =5 EZ_, if and only if 3de (8(x), (E,d), B(y)) € cons

oy

« (0, cons, Snd) =5 L, if and only if 3ds (3(x), (E,d), B(y)) € Snd
« (0, cons, Snd) [=g E , if and only if 3d's (3(x), (E,d). 3(y)) € cons

Observation: semantics of models keeps track of sender and receiver at
sending and consumption time. We disregard the event identity.
Alternative: keep track of event identities.

a0z

18/ 197 1917
TBAover Sgnaure TBA over Signature Examyy (e cons. 5nd) ks eapr ift leapri(e:3) = 1; Course Map
- | (0, cons, Snd) =g EL , iff (8(x), (B, d), B(y)) € Snd —_—
u
Definition. A TBA = W\% s%m
CD, SM we oCL €D, SD s
B = (Bzprg(X), X, Q. ¢ini» =, Qr) d 20 {
R L

where Expry(X) is thé set of signal and attribute expressions S =(7.%,V, atr), SM expr 7, 8D

Eapr (&, X) over signature . is called TBA over .. R m\ ] S 0Js Y

ZEA 0, g hﬁm il Mﬁﬁ

M= (32, Az, —su) B =(Qsp: 10, Az, —sp, Fsp)
/rm " /
« Any word over % and 2 is then a word for B. b 4o Qo
(By the satisfaction relation defined on the previous slide; 2(X) = 2(¢).) . [N Sndo) Q
(o1,61) A\ wr = (04, consy, Sndi))iepy
|« Thus a TBA over .# accepts words of models with signature .. " - -
3 (By the previous definition of TBA.) 3 . G=WE1)
4 4 op

' 23
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Live Sequence Charts Abstract Syntax

247

LSC Body: Abstract Syntax
Let © = {hot, cold}. An LSC body is a tuple <"~
(I,(Z,=),~,.7,Msg, Cond, Loclnv)

 Iis a finite set of instance lines,

2677

Example

strict

" [Evironment | [ Uighscit | [ GrossngCua] [ Borercar ]
> :

e $X¢(10)

| lights.on
PR
< Operational >

2577

LSC Body: Abstract Syntax
Let © = {hot, cold}. An LSC body is a tuple <=0
(I,(Z,=),~, .7, Msg, Cond, Loclnv)

o I'is a finite set of instance lines,

a finite, non-empty,

ly ordered set of locations;

each [ € £ is associated with a temperature
(1) € © and an i

26/77

LSC Body: Abstract Syntax )
Let © = {hot, cold}. An LSC body is a tuple \/HMWM
(1,(:2.<), ~, %, Msg, Cond, Loclnv) )

26/77

LSC Body: Abstract Syntax
Let © = {hot, cold}. An LSC body is a tuple <_'="

(I,(Z,=),~,.7,Msg, Cond, Loclnv)

 Iis a finite set of instance lines,

o (£, =) s a finite, non-empty,
partially ordered set of locations;
each [ € ¢ is associated with a temperature
6(1) € © and an instance line i; € I,

o ~C & x £ is an equivalence relation
on locations, the simultaneity rel;

2677



LSC Body: Abstract Syntax
Let © = {hot, cold}. An LSC body is a tuple <=0

(I,(£,=),~,, Msg, Cond, Loclnv)

inite set of instance

e lisa es,

* (£,=)is a finite, non-empty,
partially ordered set of locations;
each | € £ is associated with a temperature
6(1) € © and an instance line i; € I,

o ~C # x & is an equivalence relation
on locations, the simultaneity relation,

o F=(Z,%.V,alr, &) is a signature,

2677

LSC Body: Abstract Syntax

Let © = {hot, cold}. An LSC body is a tuple <,
(I1,(&,=),~,.7, Msg, Cond, Loclnv)

 Iis a finite set of instance

es,

(£, =) is a finite, non-empty,
partially ordered set of locations;
each [ € . is associated with a temperature
0(l) € © and an instance line i; € I,
e ~C £ x & is an equivalence relation
on locations, the simultaneity relation,
« = (Z.6.V, atr, &) is a signature,
Msg C . x & x £ is a set of asynchronous
messages with (I,b,') € Msg only if | < I/,
Not: instantaneous messages —
could be linked to method/operation calls.
Cond C (2% \ 0) x Eapr., x © is a set of conditions
where Ezpr., are OCL expressions over W = I U {self}
with (L, expr,0) € Cond only if [ ~ I' for all I,I' € L,
Loclnv € . x {0, 8} x Expr, x © x £ x {o,e}
is a set of local invariants,

30

LSC Body: Abstract Syntax
Let © = {hot. cold}. An LSC body is a tuple <~
(I.(£.=).~, . Msg, Cond, Loclnv)
o I
o (&£, =) is a finite, non-empty,
partially ordered set of locations;

each | € £ is associated with a temperature
6(I) € © and an instance line i; € I,

a finite set of instance lines,

o ~C % x & is an equivalence relation
on locations, the simultaneity relation,
P = (26 V,atr, &)
Msg C £ x & x £ is a set of asynchronous
messages with (I,b,1') € Msg only if | < I',
Not: instantaneous messages —

could be linked to method/operation calls.

2677

WEll -Formedness

Bondedness/no floating conditions: (could be relaxed a we wanted to)

« For each location | € .2, if l is the location of

« alocal inva

3 (ly, iy, expr,6,ly,iz) € Locinv : 1 € {l1, 15}, or
then there is a location I’ equivalent to [, i.e. [ ~ I, which is the location of

« an instance head, i.e. ' is minimal wrt. =<, or

* a message,

3y, b,l5) € Msg : 1 € {11, 12},

Note: if messages in a chart are cyclic, then there doesn't exist a partial order
(so such charts don’t even have an abstract syntax).

LSC Body: Abstract Syntax
Let © = {hot, cold}. An LSC body is a tuple <=0
(I,(&,=),~, %, Msg, Cond, LocInv)

inite set of instance lines,

e lisa

o (£.=) s a finite, non-empty,
partially ordered set of locations;
each | € £ is associated with a temperature
(1) € © and an instance line i; € I,
o ~C £ x & is an equivalence relation
on locations, the simultaneity relation,
o S =(Z,€,V.alr, &) s a signature,
Msg C . x & x £ is a set of asynchronous
messages with (1, b, ') € Msg only if { < I/,
Not: instantaneous messages —
could be linked to method/operation calls.
Cond C (2% \ 0) x Ezpr, x © is a set of conditions
where Expr , are OCL expressions over W = I U {self}

with (L, expr,6) € Cond only if [ ~ I’ for all L,I' € L,
u, 26/17
Course Map
CD, SM e 0CL CD, ,n,d s
DLA /IJD m ] DM,
5
S =(T.€,V,atr), SM expr .YWMU
S 0 Q
So g5 T,
Ar—an U B = Qs Az a0 Foo)
N
2 O
(consg,Sndo) f
(o1,21)- - =" we = ((03, consy, Sndy)), o
o O
R
G=(N,E,f)
o3
oD
g 2877



Live Sequence Charts Semantics

Examples; Semantics?

2977
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TBA-based Semantics of LSCs

Plan:
» Given an LSC L with body

(I,(&,=),~,.7,Msg, Cond, Loclnv),

« construct a TBA By, and

« define £(L) in terms of £(By),
in particular taking activation condition and activation mode into
account.

« Then M = L (universal) if and only if £(M) C £(L).

307

Formal LSC Semantics: It'sin the Cuts!

\_um:: on. AJ
Let (1,(Z, =), ~,.7,Msg, Cond, LocInv) be an LSC body.

A non-empty set () # C' C . is called a cut of the LSC body iff

is downward closed,

Vil :l eCAl=l = LeC,

is closed under simultaneity,

VI,l':l'e CAl~I' = 1€C, and

it comprises at least one location per instance line,

VielI3leC:i=i.

Reall: I ntuitive Semantics

(i) Strictly After:

(ii) Simultaneously: (simultaneous region)

| o 1 b .
%

cpry

itly Unordered: (co-region)

Intuition: A computation path violates an LSC if the occurrence of some events
doesn't adhere to the partial order obtained as the transitive closure of (i) to (|

317

Formal LSC Semartics: It'sin the Cuts!

\\Umm:.&o:. /
Let (I, (Z, =), ~, ., Msg, Cond, Loclnv) be an LSC body.

A non-empty set (§ # C' C ¢ is called a cut of the LSC body iff

o it is downward closed,

VIU:l'eCAlZl = leC,

o it is closed under simultaneity,

Vil :l'e CAl~T = 1€C, and

© it comprises at least one location per instance

Viel3dleC

= i.
A cut C is called hot, denoted by 6(C) = hot, if and only if at
least one of its maximal elements is hot, i.e. if

leC: () =hotnBl' eC: 1<l

Otherwise, C is called cold, denoted by #(C) = cold. &
331
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Examples: Cut or Not Cut? Hot/Cold?

(i)

non-empty set ) # C C .2,
downward closed, i.e.

VLUV eCALXV = leC
closed under simultaneity 3
YLU:VeCAl~I = LeC

(iv) at least one location per instance line, i.e.
Viel3leC:i=i,

C =0

o C1={lo. 20,30}

o Cy={li1,l21,130}

o Cy={lio. i1}

o Cy={lio,li1, 120130}

o Os ={lo 1,020,021, 13,0}
o Co=2\{lis 23}
G-y

Swcesor Cut Examples

347

() F#0, (i)C'\C=F,
V(LE.I)eMsg:l' € F = 1€ C,and
EF: ANy =in = LRUAI R1

A Succesor Relation onCuts

The partial order of (.Z, <) and the simultaneity relation

~" induce a direct

successor relation on cuts of .’ as follows:

Definition. Let C,C" C . bet cuts of an LSC body with locations
(£, =) and messages Msg.
(" is called direct successor of C' via fired-set F', denoted by
C ~p €', if and only if

o F#0,

e C'\C=F,

« for each message reception in F, the corresponding sending is

already in C,
V(LEU)eEMsg:l' e F = LeC, and

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

ViU eF:l#£UNy=ip = LRAUAU A1

357

Idea: Accept Timed Words by Advancing the Cut

Let w = (09, conso, Sndo), (o1, consy, Sndy), (o2, consy, Snda), ..
be a word of a UML model and 3 a valuation of I'U {self}.

Intuitively (and for now disregarding cold conditions),
an LSC body (. (£, <), ~,.%, Msg, Cond, Loclnv)
is supposed to accept w if and only if there exists a sequence

Co~p C1wp, Caoe g, Oy
and indices 0 = ip < iy < -+ < iy such that forall 0 < j < n,

o forall i; <k <ij1, (o, consy, Sndy), 3
satisfies the hold condition of Cj,

o (04, cons;,, Sndy), B o
satisfies the transition condition of Fj, <{v=0
s C, is cold,

o forall iy, <k, (ok, cons,,, Snd,), B
satisfies the hold condition of C,.

Properties of the Fired-set

C ~p C' if and only if

o F#0,

e C'\C=F,

s V(LE]l)eMsg:l'e F = leC, and

VLI EF AU N =iy = LAUNL 2L

Note: F is closed under simultaneity.
Note: locations in F' are direct <-successors of locations in C, i.e.

VIeF3leC:I<IAB"eC:I'<1" <1

' 36/
Languag of LSC Body
The language of the body
(I,(Z,=),~,.7,Msg, Cond, Loclnv)
of LSC L is the language of the TBA
By, = (Bzprs(X). X, Q, ¢ini,—> Qr)
with
o Eaprg(X) = Eapr (7, X)
o @ is the set of cuts of (&, <), gin: is the instance heads cut,
« F={CeQ|0(C) = cold} is the set of cold cuts of (£, <),
» — as defined in the following, consisting of
: o loops (g
: « progress transitions (g,1,q') corresponding to g ~p ¢, and
E o legal exits (¢,9,.%).
' 397



Languag of LSC Body: I ntuition

¢ “what allows us to

B = (Exprg(X). X, Q. gini, —, Q) with
o Eaprg(X) = Bapr (7, X)

© Qs the set of cuts of (£, <), qin: is the instance heads cut,
F={C€Q|6(C) = cold} is the set of cold cuts,

— consists of
o loops (¢,%,9),
o progress trans

o legal exits (g,

)

W “what allows us to
stay at this cut”

0!

“characterisation

legally exit” of firedset Fy,”

true CO)

Loops

« How long may we legally stay at a cut ¢?

ns (¢,4,¢') corresponding to g ~ ¢', and

013012

431

Sep I: Only Messages

ayn

Loops

« How long may we legally stay at a cut ¢?

« Intuition: those (o;, cons;, Snd;) are
allowed to fire the self-loop (g, 1/, ¢) where

o cons; U Snd; comprises only irrelevant messages:
* weak mode:

no message from a direct successor cut is in,
o strict mode:

no message occu

g in the LSC

And nothing else.

43

Same Helper Functions

« Message-expressions of a location:
! ?
(W) = A{Ei, | 1, ET) € MsghU{B;, ;| (I, B,1) € Msg},

E{l s ln}) = E() U U E().

\ ? = , ,
tr0e \ B i il b= VOB VY B
1<j<k k<

Vo

421

Loops

« How long may we legally stay at a cut ¢?

Intuition: those (o3, cons;, Snd;) are
allowed to fire the self-loop (g, v, q) where

* cons; U Snd; comprises only irrelevant messages:
 weak mode:
no message from a direct successor cut is in,
e strict mode:

no message occurring in the LSC

And nothing else

Formally: Let F:=FyU---UF,
be the union of the firedsets of ¢.
=\ &(F)

7 [
=trueif F=0

! 4317



« When do we move from ¢ to ¢'?

N

Sep Il: CondtionsandLocal Invariants

Progress

« When do we move from ¢ to ¢'?

o Intuition: those (o;, cons;, Snd;) fire the
progress transition (q,, ¢') for which there
exists a firedset I such that g ~ ¢’ and

* cons; U Snd; comprises exactly the messages that
distinguish F from other firedsets of ¢ (weak mode)
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode),

013012

44

b A4
Same More Helper Functions
« Constraints relevant at cut ¢:
Wolg) = {0 |31 eq,l' ¢ q|(L,1,0,1') € Lochnv v (I',16,6,1) € Loclnv},
¥(g) = Yhor(q) U
>s = false; >Tvr -
46/

4517

Progress

« When do we move from ¢ to ¢'?

{v=0

o Intuition: those (o;, cons;, Snd;) fire the
progress transition (q, 4, ¢’) for which there
exists a firedset F' such that ¢ ~p ¢’ and

« cons; U Snd; comprises exactly the messages that e
distinguish I from other firedsets of ¢ (weak mode), L ' '
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode),

o Formally: Let F,Fy,...,F,
be the firedsets of ¢ and let g ~r ¢’ (u

o b= NE(F) A= (V(E(F) U -+ US(F) \ E(F)

ue).

44m

Loops with Condtions

« How long may we legally stay at a cut ¢?

Intuition: those (o3, cons;, Snd;) are
allowed to fire the self-loop (g, v, q) where

* cons; U Snd; comprises only irrelevant messages:
 weak mode:
no message from a direct successor cut is in,
e strict mode:
no message occur

g in the LSC

And nothing else

Formally: Let Fi= FiU---UF,
be the union of the firedsets of g.

=\ &(F)
)

=trueif F=0

47



Loops with Conditions

» How long may we legally stay at a cut ¢?

 Intuition: those (a;, cons;, Snd;) are R

allowed to fire the self-loop (g, v, q) where

o cons, U Snd; comprises only irrelevant messages:
« weak mode:

no message from a

strict mode:

no message occurring in the LSC i

ect successor cut

o o, satisfies the local invariants active at ¢
And nothing else.
o Formally: Let F:=FiU---UF,

be the union of the firedsets of g.

o pi=(\/ E(F)
—
=true if F=0
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Progresswith Condtions

+ When do we move from ¢ to ¢'?

S
« Intuition: those (o, cons;, Snd;) fire the ~ \2_-~
progress transition (g, 4, ¢’) for which there

exists a firedset F such that ¢ ~5 ¢’ and

© cons; U Snd; comprises exactly the messages that
distinguish F from other firedsets of g (weak mode)
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode),

.

o Formally: Let F,Fy,...,Fy
be the firedsets of ¢ and let ¢ ~5 ¢’ (unique)

o ¥i= AEFE) A-(V(EF) U UE(FL)) \ E(F))

Loops with Conditions

» How long may we legally stay at a cut ¢7

o Intuition: those (o;, cons;, Snd;) are
allowed to fire the self-loop (g1, q) where
o cons; U Snd; comprises only irrelevant messages:
* weak mode:
no message from a direct successor cut
o strict mode:
no message occurring in the LSC i

in,
o o satisfies the local invariants active at ¢

And nothing else.

o Formally: Let F:=FU---UF,
be the union of the firedsets of ¢.
. =(\/ EF)ANU(g).
-z
=true if F=0

Progresswith Condtions

« When do we move from ¢ to ¢'?

o Intuition: those (o;, cons;, Snd;) fire the
progress transition (g, 1, q') for which there
exists a firedset F" such that ¢ ~~f ¢’ and

o cons; U Snd; comprises exactly the messages that
distinguish F* from other firedsets of ¢ (weak mode),
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode),

® 0; satisfies the local invariants and conditions relevant at ¢’

o Formally: Let F\Fy,...,Fy
be the firedsets of g and let ¢ ~ ¢ (unique)

o 0= AS(E) A(V(EE) U U S(F) \ (F)
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Even More Helper Functions

« Constraints relevant when moving from ¢ to cut ¢":
wola.q') = {
Uee(d)
\{v[3leq \gl €L (lo0,expr,0,') € Loclnv V (I', expr, 0,0,1) € Loclnv}
U{p[3leqd \ql' €L | (o eapr,6,l') € Loclnv V (I, ezpr, 6, 1) € Loclnv}

[3LCZ|(Lw.0)€CondALN(q \q)# 0}

$(9,4') = Ynor(q,4') U teois (9, 0)
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Progresswith Condtions

« When do we move from g to ¢'? L
« Intuition: those (a, cons;, Snd;) fire the 2=/
progress transition (g, 1/, ¢’) for which there

exists a firedset F such that ¢ ~5 ¢’ and

© cons; U Snd; comprises exactly the messages that
distinguish F from other firedsets of g (weak mode),
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode),

T | |

o 0, satisfies the local invariants and conditions relevant at ¢’

« Formally: Let F\Fi,...,F,
be the firedsets of ¢ and let ¢ ~r ¢’ (unique)

AEE) A=V (EFE) U= UEF) \ EF))AND(,)-
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Legal Exits Lega Exits

» When do we take a legal exit from ¢? » When do we take a legal exit from ¢?

o Intuition: those (o;, cons;, Snd;) fire the
legal exit transition (¢, v, .%)
o for which there exists a firedset F' and
some ¢’ such that ¢ ~r ¢’ and

Sep Ill: Cold CondtionsandCold Local Invariants

 cons; U Snd; comprises exactly the messages that
nguish I from other firedsets of ¢ (weak mode
and in addition no message occurring in the LSC is
in cons; U Snd; (strict mode) and
 at least one cold condition or local invariant relevant when moving to ¢’
is violated, or
« for which there is no matching firedset and
at least one cold local invariant relevant at g is violated.
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Legal Exits Example Finaly: The LSC Semantics
» When do we take a legal exit from ¢? P A full LSC L consist of
=0 »
o Intuition: those (oy, cons;, Snd,) fire the ~ ~1Z2_- « a body (I,(Z, <), ~, %, Msg, Cond, Loclnv),
legal exit transition (q,1),.2)) « an activation condition (here: event) ac=E, ,,, E€ &, iy iz €1,
« for which there exists a firedset F* and - . . B
, ; « an activation mode, either initial or invariant,
some ¢’ such that ¢ ~r ¢’ and
o cons; U Snd; comprises exactly the messages that ’  a chart mode, either existential (cold) or universal (hot).
distinguish F from other firedsets of g (weak mode), "
and in addition no message occurring in the LSC
in cons; U Snd; (strict mode) and
« at least one cold condition or local invariant relevant when moving to ¢’
is violated, or
o for which there is no matching firedset and
at least one cold local invariant relevant at ¢ is violated.
H o Formally: Let F,..., F, be the firedsets of g with ¢ ~~F, gf. §
i o 0=V AEE)A(VEF) U UEF)\ E(F)) AV teoa(q.45)
2 VoV EFD) AV eolala) 2
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Finaly: The LSC Semantics

A full LSC L consist of
« abody (I,(Z,=),~,.%,Msg, Cond, Loclnv),

ation condition (here: event) ac= E ;.

Ee€é&, iizel,

* an ac
 an activation mode, either initial or invariant,
+ a chart mode, either existential (cold) or universal (hot).

A set W of words over .7’ and Z satisfies L, denoted W |= L, iff L
o universal (= hot), initial, and
Ywe W VG: I — dom(o(uw’)) ew activates L = w € L3(BL).
« existential (= cold), initial, and
Jwe W 38: 1 — dom(o(uw”)) e w activates L A w € L(BL).
ersal (= hot),
YweWVkeNoV3: T — dom(o(w"))ew/k activates L = w/k € Ls(Br).
« existential (= cold), invariant, and
Jwe W Ik €Ny 36: I — dom(o(w*)) e w/k activates L Aw/k € Ls(BL).

o ul variant, and

5317
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