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Contents & Goals
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Last Lecture:

e Symbolic Bichi Automata

e Language of a UML Model
e Cuts

This Lecture:

e Educational Objectives: Capabilities for following tasks/questions.

e How is the semantics of LSCs constructed?
e What is a cut, fired-set, etc.?
e Construct the TBA for this LSC.

e Give one example which (non-)trivially satisfies this LSC.

e Content:

e Cut Examples, Firedset
e Automaton construction
e Transition annotations

Forbidden scenarios
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Live Sequence Charts — Semantics
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TBA-based Semantics of LSCs =Y, bj

73 c
b/
CD, SD

%
7. SD

@

CD, SM » € OCL :
v (4
S = (T.C,V, atr), SM expr
v v X
M = (35, Ay, —sm) 4 B = (Qsp,q0, Az, —sp, Fsp)
J v "4

K"

Plan:
e Given an LSC L with body

(I,(%Z, <), ~,.%, Msg,Cond, Loclnv),

e construct a TBA By, and
o define language £(L) of L in terms of L(Br),

in particular taking activation condition and activation mode into account.

e Then M = L (universal) if and only if L(M) C L(L).
And M = L (existential) if and only if L(M) N L(L) # 0.

wr = ((07, cons, Sndy)); e
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Formal LSC Semantics: It’s in the Cuts!

— 19 — 2016-02-02 — Slsccutfire —

Definition.
Let (I, (%, %), ~,.,Msg, Cond, Loclnv) be an LSC body.

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

e it is downward closed, i.e. VI,l'el' c C NIl = € C,

e it is closed under simultaneity, i.e.
Vil'lel' cCNIl~I = 1lec(C, and
e it comprises at least one location per instance line, i.e.
Viel dle Ceoi =1.

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

JicCef(l)=hotANfl' cCel <1

Otherwise, C' is called cold, denoted by 6(C') = cold.
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Cut Examples
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0 #C C £ — downward closed — simultaneity closed — at least one loc. per instance line
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A Successor Relation on Cuts
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The partial order of (.Z, <) and the simultaneity relation “~" induce a direct
successor relation on cuts of .Z as follows:

Definition. Let C,C" C £ bet cuts of an LSC body with locations
(&, <) and messages Msg.

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

If ly if
T and only wmelvde &) 7C’Wu
o F#£0, Sbde 9

OC/\C:F, eKle:

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

‘v’(l,E,l/) EMsg,lxl':I'e F = [€C, and
e locations in F', that lie on the same instance line, are pairwise unordered, i.e.

VI EF: 140U Niy=iyp = LZAU N A1

8/28


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Properties of the Fired-set
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C ~p C" if and only if
o F#£1), O
o C'"\C=F, — ] <
o V(I,E,I')eEMsg,l#1'":I'"e F = [ € C, and ¥

VIV eF: 14U Nij=ip = LZAUAI 2] o
. FU Ny =14 7a ya ol 4,

2 ok
- (ae)&“"(

|
(\L iz: A'* NJCI
e Note: F'is closed under simultaneity. Ik i

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

VZ’EFHlEC:Z<l’/\§§l”€0(,;,z_l"<l”<l' k)
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Successor Cut Example

— 19 — 2016-02-02 — Slsccutfire —

CNF =0 — CUF is a cut — only direct <-successors — same instance line on front
pairwise unordered — sending of asynchronous reception already in

s
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Successor Cut Example

— 19 — 2016-02-02 — Slsccutfire —

CNF =0 — CUF is a cut — only direct <-successors — same instance line on front
pairwise unordered — sending of asynchronous reception already in

I/Gl\\ IIGQ\\ ,/GS\\
I\ I' l\ /I \ | 7
Sl “1lao "t
) ) | )
| a
,/’ \\\ |
I\ /l E 2SN EREN |
<l ll,l S 7"\ |
Vz \\(p'/l |
\ ;,'f |

w)
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Language of LSC Body: Example

l31

G

L

)

.
1
—_— e — - — — — =
\

R BCE
1 1
| |
| |
| |

The TBA B, of LSC L over ® and &€ is (Exprz(X), X, Q, qini, —, QF) with

e ( is the set of cuts of L, ¢;,; is the instance heads cut,

o Ezprg(X) = Expr o (&,X) (for considered signature .¥),

e — consists of loops, progress transitions (by ~» ), and legal exits (cold cond./local inv.),
e QFr ={C € Q| O6(C) =coldV C = _Z} is the set of cold cuts and the maximal cut.
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TBA Construction Principle

— 19 — 2016-02-02 — Stbaconstr —

Recall: The TBA B(L) of LSC L is (Ezprz(X), X, Q, ¢ini, —, Qr) with

e ( is the set of cuts of L, q;y; is the instance heads cut,
o Ezprg(X) = Expr o (&,X) (for considered signature .¥),
o - C QX Expr(&,X) X Q consists of

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

o F={CeQ|O(C)=coldVv C =2} is the set of cold cuts.

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

—={(q, exp7150,(0),9) | ¢ € QYUA{(q, expry,0,(0,4'),d") | ¢ ~F ' YU{(q, expr 131 (), L) | g € Q}

ETDT |oop (q): “what .
allows us to stay ¢ % |03
t cut q” |
/ ¢ % ... g A I
EXPT cxit (Q) : 4 &'\ I
“what allows us to ETDT ) rog (¢,¢"): 732757~ :
legally exit” —~| “ .. 7 — “characterisation =~~~ ~~ B o |
of firedset F,,” "‘ﬁg}!
|
|
D |

i
true 5 | 1228
|
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TBA Construction Principle

— 19 — 2016-02-02 — Slscsem —

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

—={(q, expri,0,(0),9) | ¢ € QYU{(q, €xpT )10 (q,4'),4") | ¢ ~F ¢'YU{(q, expr o011 (1), L) | ¢ € Q}

h
—ieaprl (q)

7\

P
Loclnv

eTPT 100y (@) = expr'8(q) A exprigs™ (q) Aexprtod™ (q)

exprprog (Q7 Qn) —

eTPT oit (q) = expri®t (q,qn) A exprSSid(q, qn) A
Loclnv,e
(expriSt (q) A —expr39™(q)) . expregg (4, 4n)
v v1§z§n explr???:f)g (Q7 Q%) A expr???‘tog (q7 qn) - exprMsg((L qn)
\

Loclnv,e

(—eapregg " (a:qi) v

—exprnd(q, ¢;))
true q@

o Loclnv,e

A ea:p'rﬁot”d (q,qn) N expr, . (g, qn)
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Loop Condition
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none Of any CRAC
hiredsed wassages eop7100, () = eapr™E(q) A eaprigi™ (a) A eapregi™ () A/ 3
o obssved Y \Y
MSg Msg - . M. S*L'cé
expr 2 (q) = 2 Vicicp €20 0(q, qi) A (strict = N capress AMsg(2) —expr)

%G, ...1.)

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

Loclnv

CIPT g (Q) — /\ez(l,b,qb,l’,b’)ELoclnv, ©O(£)=80, £ active at q ¢

Local invariant (lo, to, ¢, l1,t1) is active at cut (!) ¢ if and only if [p <[ <1; for some
front location [ of cut (!) g. T

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

'Ll ,'I:l/

Msg(Fla s 7Fn) — Ulgign Msg(Fz)

______

e | N T

-1(3‘;'KAC|" ) - l

s¢/ 7D |

Abveo) I LE—

A et =D -~ K | |
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Progress Condition

Cond
hot

hot

ETPT prog (q7 Qz) — exprMsg(Q7 qn) N expr (Q7 qn) A ETPT ot

Loclnv,e

(an)

NN G 5.) n oG )

Msg N\ ukJA
o expr (e 6) = Acapremse(ana) T N Njzi Neapre Mse(a;\a)\Mse(ai\a)) 7 E2PT oy, A
A (strict = /\empTE(S!?ﬂl\/lsg(.jf))\Msg(Fi) —eapr) v
Cond
o eaprg (¢, 64) = N\y—(1,6)econd, ©(1)=0, Ln(:\0)20 @ ;
Loclnv,e
¢ €IPTy (4,4) = Axc(1,0,6.07 07 eLociny, ©(\)=6, A e-active at q; P R ad'
Local invariant (o, to, ¢, 11, 1) is e-active at ¢ if and only if ":"x(;;'s)
o lg <1 <1y, or eKC}VS!:rc /\(‘Y=0)
o l=IlgNtg =, or /
o l=[1Nt1 = e \(91 2 1 (s
I . & '70 |
. for some front location [ of cut (!) g. ot—da_ ] |
? ? -———- Ar
4] ? ? e ¢ =
o { . E v , |
wn :D A_Et‘j @\x’:j/t \ ?‘ ————— i B C |
@ “ D%y R “/GQT'
- %0 w
& : J D )|
- @ — e
| : X
|
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Example

o —
™ )
g Naaad ~
@ \ \
G IIIIIIIIIIIIIIIIIIIIIIII
8
=3 A % o
o aN N N
I R fars ~= ~=
[a\l \ J | \ \
Q S
.
< .
~ - - L
N
N
< — N
i — —
\\n ~ ~ \\ ~ I~
— ’ ﬁ \
S L S S
A
< |. N
— [ &)
(=)
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Finally: The LSC Semantics

— 19 — 2016-02-02 — Slscsem —

A full LSC L = ((1, (%, =X),~,.%,Msg, Cond, Loclnv), acy, am, O ) consist of

e body (/,(%, <X),~,.%, Msg, Cond, Loclnv),

e activation condition aco : Bool € Expr o, strictness flag strict (otherwise called

permissive)

e activation mode am € {initial, invariant},

e chart mode existential (O = cold) or universal (©r = hot).

@z_= COE/

Concrete syntax:

LSC: Ll

AC: c1

AM: initial ;' permissive
|
I Cl 02 03
|
| |
| |
: * |
| |
| |
| |
| |
| \i
|
|
I e
| -
|
|

17,28
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Finally: The LSC Semantics

— 19 — 2016-02-02 — Slscsem —

A full LSC L = ((1, (%, =X),~,.%,Msg, Cond, Loclnv), acy, am, O ) consist of

A set of words W C (2%

body (I, (%, X),~,%,Msg, Cond, Loclnv),

activation condition aco : Bool € Expr o, strictness flag strict (otherwise called

permissive)

activation mode am € {initial, invariant},

chart mode existential (©r, = cold) or universal (©r = hot).

~

x A)“ is accepted by L if and only if

oAk Wb sdf st'/\ng
i W’
Or \ am = initial 7«‘ am = invariant
o EIwEWElBowolzgac/\ JweW 3B Ik € Ngew" =5 ac A
S w® =5 exprot(0, Co) /\w/l e L(B(L)) wh =g expr2 (0, Co)ANw/k+1 € L(B(L))
. VweWVBeuw’ g ac — VweWVEVEkeNyew" =5 ac =
2 w® = expreot(0,Co) Aw/1 € L(B(L)) w® =g exprot (0, Co) Aw/k+1 € L(B(L))

where ac = aco N expr

Cond
cold

(0, Co) A expr™Ms&((, Cp); Co is the minimal (or instance heads) cut.

17,28
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Activation Condition
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Existential LSC Example: Buy A Softdrink

— 19 — 2016-02-02 — Sswlsc —

z g
=
=
LSC:  buy softdrink =
ACT e -
: Invariant |: permissive
| | .
| User Vend. Ma. : k, . _/
| |
: F1 _ |
| |
: SOFT |
| |
| |
| . dSOFT |
| |

e o o — —— — — — — — — — — — — — — — — — ]
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Existential LSC Example: Get Change
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= )
= ®
=
=
LSC: get change =
AC: true
AM: invariant |: permissive U]
| |
| User ¢;Vend. Ma. | N S
I 1 C50 | |
I pe |
| ¥ |
| 1 E1 |
I -
| 1 :
| 1 |
: SOF'T ~ |
QUM " :: | :
st {. dSOFT |
i : g |
E4 | ;L chg-C50 :
ew, X | / |
|
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Live Sequence Charts — Precharts
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Pre_ChartS LSC: only one drink

AC: true

— 19 — 2016-02-02 — Sprechart —

AM: invariant |: permissive

/ User Vend. Ma. \\
/ F1l \

/ L

/ SOFT Y

! SOFT /

\ ~C501 A —E1]
\ SOFT

/
/

false

A full LSC L = (PC,MC, acqy, am,Or) consist of
e pre-chart PC = (Ip,(%p,=<p),~p,.%,Msgp, Condp, Loclnvp) (possibly empty),

e main-chart MC = (I, (XL, 2m), ~nr, L Msg,,, Cond s, Loclnvys) (non-empty),

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

e activation mode am € {initial, invariant},

e chart mode existential (O = cold) or universal (©r = hot).
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Pre-Charts Semantics e

only one drink
AC: true

— 19 — 2016-02-02 — Sprechart —

@

AM: invariant |: permissive
/ \
,/ User Vend. Ma. \\
/
/ Bl \
/ > \
/ \
/ SOFT Y
\ /
\ /
\\ . SOFT //
\ -C50!' N —FE1!
\ . SOFT
\ /
\ /
false

am = initial

am = invariant

cold

Jwe W 38 3Im e Ngew’ =5 ac

A w9 =F ea:prﬁgt“d (0, Cég)

Aw/l,...;,w/m € L(B(PC))
A wmtl =3 ewprﬁgt”d (0, C’éw)

Aw/m+ 1€ LB(MC))

JweW IB Ik <me Ngewk =5 ac

A wk =3 ea;prﬁgt“d(@,CéD)

Aw/k+1,...,w/m € LBPC))

A w™mtl =5 exprﬁgt”d (0, Céw)

Aw/m+ 1€ LB(MC))

hot

VweW VBeuwd E5 ac

A w9 =3 exprﬁgt”d (0, Céj)

ANw/l,...,w/m e L(B(PC))
AwmTl =g eazprcond(@,CéVI)

cold

— ™Mt =3 emprg(;’lgd(@,(?é\/[)
ANw/m+1€ LB(MC))

VwEWVﬁVkSmEIN()ka IZ,B ac

A wk =3 emprﬁgt”d(@,(;’éj)

ANw/k+1,...,w/m e L(B(PC))
AwmTl =g ea:prcond(@,CéVI)

cold

— ™1 =3 exprgflgd(@,Céw)
ANw/m+1€ LB(MC))
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Universal LSC: Example
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W

HEE =

~ LI OLDENBURG

L\_

LSC:  buy water
AC: true
AM: invariant |: strict
User CoinValidator ChoicePanel Dispenser
[ [ T
/
| | I
7 C50 | |
/ [ I
/ | | |
/ WATER | :
yi | 4 I
water_in_stock [
| I
dWATER

NN\

24/28
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Universal LSC: Example

— 19 — 2016-02-02 — Sprechart —

<D w
o= E
—
P==Y
=
| = =
=
= E
c -
a
LSC:  buy water k J
AC: true I T
AM: invariant |: strict
/ \
// User CoinValidator ChoicePanel Dispenser \\

water_in_stock >

~(C50!v E1!v SOFT!
V TEA!V FILLUP!

NN\

~(dSoft! v dTEA!)>
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Forbidden Scenario Example: Don’t Give Two Drinl -

— 19 — 2016-02-02 — Sprechart —

HEE =

~ LIGOLDENBURG

L\_

LSC: only one drink
AC: true
AM: invariant |: permissive
/ —\
/ User Vend. Ma. \ k,
\
// A E1 \
/ , > \
/ :, \\
// ’: SOF'T - \
\ je /
\ 1 //
\\ ;:< cISOFT ® o I/
\ 7 0500 A—E11Y
\ // JSOFT T
A= @ /
\ je /
\
< false >
&
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Note: Scenarios and Acceptance Test

— 19 — 2016-02-02 — Sprechart —

LSC: get change LSC: only one drink
AC: true AC: true
AM: invariant |: permissive AM: invariant |:  permissive
I I / \
: User | | Vend. Ma. : // User | | Vend. Ma. \\
LSC:  buy softdrink ' C50 | / F1 N
AC: true : | / - \
AM: invariant |: permissive | | / \
, . ! E1 | / SOFT \
| User | | Vend. Ma. | | = | | - )
I X | /
| Bl : | SOFT | \ ._olSoFT /
I \
I | | ( : \ d ~C501 A\ —E1
: SOFT : | SOFT | \ > SOFT 7
| : : : ) /
| 45 OFT | | . Chg- ¢50 : false
T I | S/ B 2 '

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

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

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

(Because they require that the software exhibits the unwanted behaviour.)
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