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Software Design, Modelling and Analysis in UML

Lecture 19: Live Sequence Charts 111

Content

2017-01-26

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany

e Live Sequence Charts

e Semantics

e TBA Construction for LSC Body

{(® Cuts, Firedsets
(@ Signal / Attribute Expressions

{® Loop / Progress Conditions

e Excursion: Biichi Automata
e Language of a Model
e Full LSCs

(® Existential and Universal
(® Pre-Charts

{(® Forbidden Scenarios

‘e LSCs and Tests
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Live Sequence Charts — Semantics

3/50
TBA-based Semantics of LSCs .
CD,SM ¢ € OCL CD,SD s
v v

S =(7,6,V, atr), SM expr 7, SD

v v

M= (22, Ay, —su) 4 B =(Qsp,q0,Aw,—sp. Fsp)

(%4 X
4
™ = (00,€0) —-—r(wm‘:(b"d”) (o1,81) -+ wr = ((04, cons;, Snd;)); o
' X
G =(N.Ef)
oD

Plan:
(i) Givenan LSC.Z with body
((L,=,~),Z,Msg, Cond, Loclnv, ©),

(i) constructa TBA B, and
(iii) define language £(.Z) of .Z in terms of L(B),
in particular taking activation condition and activation mode into account.

(iv) define language £(M) of a UML model.

e Then M = Z (universal) if and only if L(M) C L(Z).
And M | & (existential) if and only if L(M) N L(Z) # 0. .
/50
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Live Sequence Charts — TBA Construction

Formal LSC Semantics: It’s in the Cuts!
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Definition.
Let (L, =X, ~),Z, Msg, Cond, Loclnv, ©) be an LSC body.

A non-empty set ) £ C C L is called a cut of the LSC body iff

o itisdownward closed,ie.VI,l'el' c CAI=<I = 1€ C,
e itis closed under simultaneity, i.e.
Vi,l'el'cCANI~I' = 1€C,and
e it comprises at least one location per instance line, i.e.
Vicel3dleCei=i.
The temperature function is extended to cuts as follows:

o) = hot ,if3leCe(#l' cCel<1")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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@ D)

©)

()

| 0#CCL-do i

i st one loc. per instance line

Cut Examples
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| 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line
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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 beta cut of LSCbody ((L, <, ~),Z, Msg, Cond, Loclnv, ©).

Aset() # F C L of locations is called fired-set F of cut C'if and only if

e CNF=0andCU Fisacut, ie. F is closed under simultaneity,

all locations in F are direct <-successors of the front of C, i.e.
VIEFIV eCol' <IN €Col <" <),

locations in F, that lie on the same instance line, are pairwise unordered, i.e.
Vil e Fe(3IcZe{l,IYCI) = LAUAU A1,

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

V(I,E,l')EMsgel' € F = L€ C.

8 Thecut C’ = C' U F'is called direct successor of C via F, denoted by C ~~r C”.

8/50

Successor Cut Example

CNF=0-CU Fisacut - only direct <-successors — same instance line on front pairwise unordered —
sending of asynchronous reception already in (£)

@
e
g
2
E
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Successor Cut Example
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CNF =0-CU Fisacut- only direct <-successors — same instance line on front pairwise unordered —
sending of asynchronous reception already in

Language of LSC Body: Example
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The TBA B, of LSC . bwerd=ared is (Ezpri(X), X, Q, Ging, =, Q) with

o Qisthe set of cuts of .Z, gy is the instance heads cut,

o Exprg(X) = Expry (&, X) (for considered signature .#),

o — consists of loops, progress transitions (by ~+ ), and legal exits {cold cond./local inv.),
e Qr ={C € Q| ©(C) =cold v C = L} isthe set of cold cuts and the maximal cut.

9/50
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Signal and Attribute Expressions
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o Let. = (7,%,V, alr, &) be asignature and X a set of logical variables,

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

o = true (] oy | Ery |~ [ 91V 2] expe,

where expr : Bool € Expr,, E € &, z,y € X (or keyword env).
AN~

o We use
&0(X) ={E},, B, | E€ & x,yc X}

to denote the set of event expressions over & and X.

11750

TBA Construction Principle
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Recall: The TBA B(.Z) of LSC % is (Ezpri(X), X, Q, ¢ini, —, QF) with

o Qistheset of cuts of .Z, q;y; is the instance heads cut,

o Ezprg = ® U &2(X),

e — consists of loops, progress transitions (from ~ ), and legal exits (cold cond./local inv.),
o F={C€eQ]|O(C)=coldV C = L} is the set of cold cuts.

So in the following, we “only” need to construct the transitions' labels:

—=={(0, Y100p(@),2) | 4 € QY U{(q, ¥prog(2:0"),d') | ¢ ~F ¢’} U{(q, Yeair(q), L) | ¢ € Q}

B C
firedset F,,” »{>jg

Vioop (q): “what ’ e ‘ ’ 1y ‘ ’ 1 C3 ‘
allows us to stay at T
" cut g” 1»* }
wemz,t(Q): ~———— ‘
“what allows us to ¥ (q q/)' {v=0_ }
s prog\ 4, . ————
legally exit”™— characterisation of \
I
I
I
I
I
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TBA Construction Principle

AEEE™ (0, a0) V0S5 (¢, 40)))

- Stbaconstr -
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“Only” construct the transitions’ labels:

—=={(0, Y100p(@),2) | 4 € QY U {(q, ¥prog(2:0"),a') | ¢ ~F ¢’} U{(q, Yeair(q), L) | q € Q}

=t (0)

Wioo (9) = ¥ (a) A g™ (@) AMUSE™ (a)

1/1m,f,(q) =
(bl (@) A =e5d™ (0)

h
v V1§i§n (wp?;y(q) qi)

Yprog (4, an) = =phot (a,an)

M Cond Loclnv,
V(G qn) A Ygr (25 Gn) A Ppor (g5 qn)
Locl
AR (g qn) A Vo™ (q, qn)

N Prfabed
aC?): AFb e
ga aacb
aab X

13/50

Loop Condition

- Stbaconstr -
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Yioop(q) = stg(q) A w:;gtd"‘/(q) A wlgglzan(q)

4 TZ’MSg(Q) =7 V1gi§n wMSg(q,(h‘) A (stm’ct == /\weMsg(L) _‘1/’)

=:strict (q)

Loclnv —
g (@) = /\[:(l,L,¢,l/,L/)ELOC|nV, O(£)=0, Lactiveat g ¢

A location [ is called front location of cut C'ifandonly if A1’ € Lel < 1.
Local invariant (1o, t0, ¢, l1,¢1) is active at cut () ¢

if and only if lo < I < I3 for some front location [ of cut q(or—h—é—q—A—t—lév}

o Msg(F) = {E;:M:l, | (I, E,l') € Msg, l € F}U{E} | (I, E,l') € Msg, I € F}

1Ty

o z; € X is the logical variable associated with
the instance line I which includes /,ie.l € I. \

o MSg(Fl, ey Fn) = Ulgign MSg(FZ')

14/50



Progress Condition

constr -
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Loclnv,
Pt (@, @) = M (q, qn) A Yrr(a, an) A ™ ® (gn)

M ) —
o Y9, 0i) = NApemsgag) ¥ N Nizti Npemsg(a;\a)\Msg(ai\a) ¥

A (strict == Ayemsg(r)\Msg(Fy) %)

=:Ystrict (4,9:)

Cond _
* Y% (e 4) = Ay=(L,6)eCond, ©(v)=6, LN (q;\q)50 P
e
fieeol -2
Loclnv,e _
° Py (g,q) = /\A:(l,L,zp,l’,L/)eLoclnv, O(A\)=0, A e-activeat g;
Localinvariant (o, to, ¢, 11, t1) is e-active at ¢ if and only if
o lg <1 <1y,0r

o [ =1lpNtp=weo0r ‘

e l=l1 ANty =9

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

15/50

w65 || 9i€h

o Lo

Using logical variables =, y,
for the instances lines
(from left to right).
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Course Map
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& HJ »&%}'L\(/

Qsp,q0, A, —sp5 Fsp)

((04, cons;, Sndi))ie]N

Excursion: Biichi Automata
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From Finite Automata to Symbolic Biichi Automata
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A: ¥ = {0,1} T ={0,1}

B:
0 Biichi N 0
@ | lichi @ 1

infinite words

Lw(AFO- (1.0)* W=000710/01....
Loy (B) -(01)°
B 0 ¥ ={0,1}
N
1
(@)
symbolic O ‘
1 0
symbolic
Asym: Y=({z} > N) Bisym: Y=({z} - N)
even(x) Biichi even(x)

odd(2) infinite words odd ()

19/50

Symbolic Biichi Automata
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Definition. A Symbolic Bichi Automaton (TBA) s a tuple

B = (EmpTB(X)7X7Q7qmi>_>7QF)

where

e X is aset of logical variables,

Ezpri(X) is a set of Boolean expressions over X,

Q is a finite set of states,

Qini € @ is the initial state,

o — C Q x Ezprg(X) x Q is the transition relation. Transitions (g, 1, ¢’) from g to ¢’
are labelled with an expression ¢ € Ezprz(X).

Qr C Qs the set of fair (or accepting) states.

20y50



Word

Definition. Let X be aset of logical variables and let Exzpr;(X') be aset of Boolean
expressions over X.

Aset (X, |=. -)is called an alphabet for Exprz(X) if and only if

e foreacho € %,
o for each expression expr € Ezpry, and

o for each valuation 8 : X — 2(X) of logical variables,

either o =g ezpr or o [~p expr.

(o satisfies (or does not satisfy) ezpr under valuation /3)

An infinite sequence
w = (Ui)iE]No e ¥

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

2150

Run of TBA over Word

Definition. Let B = (Ezprz(X), X, Q, ¢ini, —, @r) be a TBA and
w = 01,02,03,...
aword for Ezpryz(X). An infinite sequence
0=q0,q1,q2,..- € Q¥
is called run of B over w under valuation 5 : X — 2(X) if and only if
® q0 = Gini,
o foreach i € INg there is a transition

(qi,%i,qit1) €=
such that o; =5 ;.

Biym: L= ({z} > N)

even(z) even(z)

Example:

odd(z) odd(z)
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The Language of a TBA

Stba-
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Definition.
We say TBA B = (Ezpr(X), X, Q, gini, =, Qr) accepts the word

w = (03)ien, € (Ezprg — B)”

if and only if B has a run
0 = (q:i)ien,
over w such that fair (or accepting) states are visited infinitely often by o,
i.e., such that
VieNodj>i:q; €Qr.

We call the set L(B) C (Ezpriz — B)“ of words that are accepted by B the
language of 5.

Bsym: = ({x} - ]N)
even(z) even(z)
Example: @. (ar)
odd(z) odd(z) 2350
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