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Software Design, Modelling and Analysis in UML

Lecture 19: Live Sequence Charts 111

2016-02-02

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany

Contents & Goals
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Last Lecture:

e Symbolic Biichi Automata
e Language of a UML Model
o Cuts

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.

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

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

Content:

o Cut Examples, Firedset
e Automaton construction
e Transition annotations

e Forbidden scenarios



Live Sequence Charts — Semantics
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TBA-based Semantics of LSCs
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Plan:
e Given an LSC L with body

(I,(Z, =), ~,.,Msg, Cond, Loclnv),
e construct a TBA By, and

o define language L£(L) of L in terms of L(ByL),
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.
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Formal LSC Semantics: It’s in the Cuts!

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 CANI =<' = [ e C,
e it is closed under simultaneity, i.e.
Vi,l'lel'l cCANI~1I = 1€, and
e it comprises at least one location per instance line, i.e.
Viel3JleCeoy=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

JieCef(l)=hot\NBl' cCol <1l

Otherwise, C is called cold, denoted by 6(C') = cold.
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Cut Examples
® ® ) ®

| 0 # C C ¥ — downward closed — simultaneity closed — at least one loc. per instance line
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Cut Examples
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|(Z) # C C ¥ — downward closed — simultaneity closed — at least one loc. per instance line

\T_,ll ) \T"lg 5

A Successor Relation on Cuts

— 19 — 2016-02-02 — Slsccutfire —

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.

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

if and only if inclode. G) froan
i Sbde 9

C'\C=F, e}ﬂ|e.

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

Y(,B,1)eMsgltl:l'c F = 1€, and

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

VILUEF 1A Niy=ip = LRAUAI 21
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Properties of the Fired-set
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C ~p C" if and only if
° F#@y

@7
e C'\C=F, g
o V(L,E,I')eMsg,l£1I':l'e F = [ €(C, and -

o VILUEF 1A VNG =iy = LZUANI £ ¢’

Soudd A,

04 [y
(*)7‘4”“‘(

Note: F is closed under simultaneity.

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

W’eFHlEC:l<l/Aiﬂl”€C(,:Tl”<l”<l’ @)

Successor Cut Example
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CNF=0— CUF is a cut — only direct <-successors — same instance line on front
pairwise unordered — sending of asynchronous reception already in
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Successor Cut Example
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CNF=0— CUF is acut — 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 By, of LSC L over ® and & is (Fzprz(X), X, @, ¢ini, —, Qr) with

Q is the set of cuts of L, q;; is the instance heads cut,

Ezpri(X) = Ezpr o (&, X) (for considered signature .¥),

— consists of loops, progress transitions (by ~> ), and legal exits (cold cond./local inv.),
Qr ={C €Q|O(C) =coldVv C =} is the set of cold cuts and the maximal cut.

10/28
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TBA Construction Principle

Recall: The TBA B(L) of LSC L is (Ezprg(X), X, Q, ¢ini, =, QF) with
e Q@ is the set of cuts of L, gjy; is the instance heads cut,

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

o = C QX Erpro(&,X) x Q consists of

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

F={CeQ|6(C)=coldV C = .2} is the set of cold cuts.

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

—={(a, exp7 100, (0); @) | 4 € QYU{(q; €xpT 109 (4,0, d) | @ ~F ¢'YU{(q, expr .., (0), £) | ¢ € Q}

emprlwp(q): “what — — —
! Q allows us to stay ’ G ‘ ’ & ‘ ’ (‘” ‘
[ at cut q” [
o v Q’
é ETPT exit (q) : ] 4 }
C,‘i “what allows us to LD rog (454"): /" 5= 07 !
legally exit” ~—~— N “characterisation =~~~ "7 B c I
N
§ of firedset Fy,” %ﬁ}-l
: O :
3V D |
‘ /%
(<)) N
n true 5‘ i | 12/
| |
TBA Construction Principle
o in the following, we “only” need to construc e transitions’ labels:
S the foll g ly d t truct the t t label
—=={(a, exPT 100 (0):9) | 4 € QYU{(q; €xpT10g (4,07, 0) | ¢ ~F @' YU{(q, expr.,;,(9), Z) | g € Q}
::ezp'r?:;gp(q)
€TPT 00 () = expr™*8(q) A expriof™ () Aezpriod™ (q)
€TPT prog (4, qn) =
expr o (q) = exprh®t (q,qn) A exprS3id(q, qn) A
Loclnv,e
(expr'l‘g;p (@) A ﬁezpr'gglfj'”"(q)) eTpregg (4 qn)
V' Vicicn exprios (4,ai) A expri®t (q,qn) = expr™E(q, qn)
Loclnv,
(meapregy™* (¢.4i) v A expriSt(q, qn) A exproge " * (¢, an)
Cond )
ﬂewprc;’.?, (‘L(h)) ‘ > H G H Ch ‘
[
I —r
@ \
i B c i
. T
o
; 2 3
] e
. —
| I
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Loop Condition
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o exprMt(q) = - vlgign expr™e(q, ¢;) A (strict = /\ezpres,7mMsg($) ﬁexpr)

© erpry (q) = Ae:(l,b,¢,l/,LI)ELOC|nV, O(£)=0, £ active at q ¢

o Msg(Fu,...,Fn) = U <, Msg(Fi)

wome of amsg
chod wasseps ca07 1, (0) = capr(a) A caprige™ (@) exprig (o) Acsac
shet

\
%4,,..,4.)

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

Local invariant (lo, to, ¢,11,¢1) is active at cut (!) ¢ if and only if [o <1 <1 for some
front location [ of cut (!) g. —

Loclnv

o Msg(F) = {E}, ., | (LEI') € Msg, L € FYU{EL,, | (,B,I) € Msg, I € F}

Progress Condition

— Slscsem —

2
4
@
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Loclnv,e

exprh® (q,q:) = expr™e(q, qn) A expriSM(q, qn) A exprios " (qn)
n Conel Lochw, @
R cold @18.) 2 0P 57 @)

Msg ) — - u"—v.
e expr (qv Qz) - /\empreMSg(qi\q) expr A /\j7’5i /\CIPTE(MSg(Qj\‘Z)\Msg(fh\q)) T rv;o *‘A‘
A (strict == Ny e nmse(2)\Msg(F,) "€TPT) ’

Cond
o exprs®™ (¢, 4i) = N\—(L,6)econd, ©(1)=6, LA(ai\a)%0 P ;
Loclnv, _
® erpry ¢ .(Q» ql) - /\A:(l,b,qh,l’,L’)ELoclnv, ©(X\)=6, X e-active at q; ¢ ! Ad'
Local invariant (lo, to, ®,11,t1) is e-active at ¢ if and only if ‘:’(022)
o lg<1=<1Iy,or QKC]VQ:“ A(«(\;OJ
o l=IgANtg=we,or [

e l=l1Nt1=e ‘\Cl ‘ 2 H

for some front location [ of cut (!) gq. zja +— 4 ]
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Example
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Finally: The LSC Semantics
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A full LSC L = ((I,(%, =), ~,”,Msg, Cond, Loclnv), acy, am, ©y,) consist of
e body (I,(%, <X),~,.,Msg, Cond, Loclnv),

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

e activation mode am € {initial, invariant},

e chart mode existential (0 = cold) or universal (61 = hot).

Concrete syntax: 6, =l
s L, /
AC: Cc1
AM: initial I:  permissive | [
I |
(e il el el

T
: |
| ‘ |
| ‘k_ ‘ |
| B } |
: o
| ‘ |
I — ! |
I \ \
| -
| G | |
l | |

!
| | |
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Finally: The LSC Semantics
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A full LSC L = ((I, (%, %), ~,.,Msg, Cond, Loclnv), acg, am,Oy,) consist of

body (I, (%, =), ~,.%, Msg, Cond, Loclnv),

activation condition aco : Bool € Exzpr ., strictness flag strict (otherwise called

permissive)

activation mode am € {initial, invariant},

chart mode existential (©1 = cold) or universal (@ = hot).

A set of words W C (2% x A)“ is accepted by L if and only if

o4+ (B sdfix Shl\'ng

o W
am = initial

am = invariant

EIwEWEIBou\;O):gac/\ /

JweW 3B Ik € Noew" =g ac A

T

8 w® g expriod(0, Co) Aw/1 € L(B(L)) wh =g ezpriot® (0, Co) Aw/k+1 € L(B(L))
- VweWVBeuw’ g ac = VweWVBVEEcNyewt =5 ac =

2 w” s eaprig®(9,Co) Aw/1 € L(B(L)) w* =5 eaprigr® (0, Co) Aw/k+1 € L(B(L))

where ac = aco A exprSnd(B, Co) A exprM€(D, Cp); Co is the minimal (or instance heads) cut.

cold

Activation Condition
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LSC:
AC:
AM:

L,

initial I

permissive

LSC: L,
AC: cq
AM: _initial _|: permissive |
| |
o Jla J[a |
i o
o —E T
| o
‘ | !
| P |
| = !
| |
| G |
|

|
|

|
|

|
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Existential LSC Example: Buy A Softdrink
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L3 -]
=
=
[SC:  buy softdrink =
AC: tru%e >
AM: invariant |: permissive B ﬁ
| |
| User | | Vend. Ma. | | —
|
|
| El |
! :
i SOFT !
: .
| dSOFT l
| |
|
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Existential LSC Example: Get Change

J

OLDENBURG
HEE =

/I&%:C: get change
. true
AM:  invariant |: permissive
| . =
: User | |)(‘.-Vend. Ma. | : K‘_____.__._,)
I
| C50 |
l .
I
: E1l _ |
I I
1 I
M SOFT :
cwk‘”" | :
;nsw»: dSOFT ,
I
i I
E4 ‘ | chg-C50 :
wlﬂ(‘ | 4 | :
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Pre-Charts

Live Sequence Charts — Precharts

LSC:
AC:
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only one drink
true

permissive ‘
N

AM: invariant I
! \
‘ User ‘ ‘ Vend. Ma. ‘ \\
E1l \
\
\
SOFT L
!
SOFT /
—C50! N —E1!
SOFT 7
/

false

5]

A full LSC L = (PC, MC, acg, am,©y,) actually consist of

pre-chart PC = (Ip,(%p,=<p),~p,-*,Msgp, Condp, Loclnvp) (possibly empty),

main-chart MC = (Ip, (L, 2m), ~u, Ly Msg,, Condar, Loclnvas) (non-empty),
activation condition acy : Bool € Expr ,, strictness flag strict (otherwise called

permissive)

activation mode am € {initial, invariant},

chart mode existential (O = cold) or universal (@1 = hot).
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Pre-Charts Semantics

‘ AM:

LSC:  only one drink
AC:.  true

invariant _I: permissive
/l ‘ User ‘ ‘ Vend. Ma. ‘ \\
1 \
1 El \
1 \
/ \
/ SOFT \
\ 1
\ 1
\ SOFT /
\ —C501 )\ —E1!
o
/
Z false ;
Or am = initial am = invariant
EIwEWEIBEImElNoow()':[gac EIwEWEIﬁEIk<m€]NOowk):ﬂac
= A g ezpriond(@, cf) AwF =g expriord(@, Cf)
_8 Aw/l,...,w/m € L(B(PC)) ANw/k+1,...,w/m € L(B(PC))
AwmHl =g exprﬁgfd(®,0§4) Awmtl =g ezprﬁgt”d(@,Céw)
‘ ANw/m+1€ LIB(MC)) ANw/m+1€ LIB(MC))
% VwEWVﬂch):ﬂac VwEWVBVkSmEINOowk):ﬁac
u‘% A =g expriond(0, Cf) Awk =g expriond(@, Cf)
N 3 Aw/l,...,w/m € L(B(PC)) ANw/k+1,...,w/m € L(B(PC))
\ <
g Aw™ =g eapriand(0, CHT) Aw™ =g eaprend(0, CH)
S = w5 exprd (0, C) = wntl =5 exprd (0, CH!
o Aw/m+1€ LB(MC)) Aw/m+1 € LIB(MC))
|
Universal LSC: Example —
o
=
[--1
=
=
=
2
LSC:  buy water k /
AC: true
AM: inveriant I stfict |
/ \
‘: / ‘ User ‘ ‘ CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser ‘ \\
-(Lm / 7 T T T \\
?‘t // ;%i } } \\
/ 7 | ! /
\\ / W, [ ! } /
\ fw ! \ /
\ water_in_stock } //
\\ ! 1 !
/
/
- /
| g d" /)
£ /
2 Y/
&
I
(o]
<
o
e
©o
=}
N
E
|



Universal LSC: Example

LSC:
AC:
AM:

buy water
true
invariant I

strict

}

HEE =

OLDENBURG

g

User

/ 7

/ i

o0

SN\

]

|
WATER
1

|
|
|
|
|
i

—(C50!'v E1!V SOFT!
V TEA!V FILLUP!

water_in_stock

ANSNNNN NN\

~(dSoft! v ATEA!)
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Forbidden Scenario Example: Don’t Give Two Drinl=

2428

}

HEE =

OLDENBURG

LSC: only one drink
AC: true
AM: invariant | permissive ﬁ
/ N\
/ User | | Vend. Ma. | Y Kg_—_—_.—_——.)
/
/ El \
/ \
/ \
/ SOFT \
\ /
\ /
Y . dSOFT !
\ -C50!' AN —E1!
\ dSOFT 7
\ /
/
false
4 I
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Note: Scenarios and Acceptance Test
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LSC:  buy softdrink

AC: rue
AM invariant |1 permissive
,
User Vend. Ma. |1
I
Bl !
I
SOFT 1
I
i
dsort !
|

LSC:  get change
AC:  true

AM: _invariant_I: _permissive ‘

User Vend. Ma

C50

El

SOFT

of SOFT

chg-C50

(Because they require that the software

References

LSC:  only one drink
tru

AC:

AM: _invariant_I: _permissive ‘
\

/ User Vend. Ma. | \
/ \

E1

SOFT

dsorr

\ dsorr

/

/
!

false

o Existential 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

exhibits the unwanted behaviour.)
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