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Softwaretechnik / Software-Engineering

Lecture 9: Live Sequence Charts

2017-06-19

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany

Topic Area Requirements Engineering: Content
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VL6 e Introduction
e Requirements Specification
o Desired Properties
o Kinds of Requirements

o Analysis Techniques

e Documents
o Dictionary, Specification
o Specification Languages
o Natural Language
VL7 o Decision Tables
@ Syntax, Semantics
® Completeness, Consistency, ...

VL 8 e Scenarios

® User Stories, Use Cases
® Live Sequence Charts

VL9 ® Syntax, Semantics
® Working Definition: Software

o Discussion 5
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Language of LSC Body: Example

~(F?V GV G?)
F2A~(GIAG?)

~(GIAG?)

The TBA B(.¥) of LSC.Z over C and € is (Cp, Q, qini, —, QF) with

o Cp=CU &y, where &, = {EV,E? | E € £},

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

o — consists of loops, progress transitions (from ~ x), and legal exits (cold cond./local inv.),

e Qr ={C € Q| O(C) =cold vV C = L} is the set of cold cuts and the maximal cut.

8- 2017-06-01 - Scutiire

4216
3/54
Content
o Formal Methods in Requirements Engineering
o Software & Software Specification, formally
o Requirements Engineering, formally
o Examples:
o Decision Tables
o Use Cases
o Live Sequence Charts
e LSC Semantics:
e Full LSC syntax
o Activation, Pre-Chart, Chart Mode
e Automaton Construction
o Loop / Progress / Exit Conditions
E o LSCs vs. Software
<;>. Excursion: Symbolic Bichi Automata
e Methodology
§ o Requirements Engineering with scenarios
5 o Strengthening scenarions into requirements .
T /54
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Formal Methods in Requirements Engineering
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Needs! OOW ﬁ} oo
@ - ® @ ® i
4 - A - &4 - ﬁ@ b

Customer  Developer Customer  Developer Customer  Developer Developer Customer
announcement offer software contract i
(Lastenheft) (Plichtenheft) (indl. Pflichtenheft) software delivery

o We would like to precisely and objectively
specify the allowed sc s that make the customer happy.

o In other words, we want to formally define a satisfies relation
between softwares and software specifications.

That is, given a software S and a software specification .77,
we want to define when (and only when) software S satisfies software specification .,
denoted by

SkEZ.

e Once again:
o S | . specification is satisfied, S is one “allowed” design, should be accepted.

o S £ .7 specification is not satisfied, S may not satisfy customer's needs.

5/54

Software and Software Specification, formally
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Definition. Software is a finite description S of a (possibly infinite)
set [S] of (finite or infinite) computation paths of the form

@ 2
Og —> 01 —>» 02"

where

e 0; € 3,1 € Ny, is called state (or configuration), and
o a; € A, i € INg, is called action (or event).

The (possibly partial) function [ -] : S — [S] is called interpretation of S.

Definition. A software specification is a finite description .
of a (possibly infinite) set [.#] of softwares, i.e.

[71 = {(S1,[-11), (S2, [-]2),--- }-
The (possibly partial) function [ -] : . — [.] is called interpretation of .#.

6/54



Software Satisfies Software Specification
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Needs! Solution!
Ck,\_/\))oo oo QO
® . > d ® 5 ! @
i - b= - - K

ff

Customer  Developer Customer  Developer Customer  Developer Developer Customer
announcement offer software contract i
(Lastenheft) (Plichtenheft) (indl. Pflichtenheft) software delivery

Definition. Software (.5, [ - ]) satisfies software specification ., denoted
by S = ., if and only if

CHRASCE

7/54
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> S

Soft\ﬂzﬁgf Satisﬁgziﬁoftware Specification: Example
o, o : o.@

® - > . | ? I-o
il - | - - [
Customer  Developer Customer  Developer Customer  Developer Developer Customer
e e S B, software delivery
Software Specification Software
) o Assume we have a program S for the room
[ room ventilation IR ventilation controller.
= = '
b__ | button pressed? x| x o Assume we can observe at well-defined
off ventilation off? X | = | * . . . .
o T ventiation or? T T points in time the conditions b, off, on, go,
[0 | srtventlation B [ stop when the software runs.
Lster EEFRERGED N o Then the behaviour [S] of S can be viewed as
computation paths of the form
Define: (S,[-]) € [] if and only if for all 00 01 2 oo
o0 At oy Sz, oy €[S] where each ¢ is a valuation of b, off, on, go,

stop, ie.o; : {b, off , on, go, stop} — B.

and forallz € Ny,
0 Assume thereis oo — o1 - - - € [S] with

dreTeo; = F(r).
o1 :@oﬁ»—)l,on»—)O,

stop — 0}.

8/54



Software Specification vs. Software

< = {(S0,[-]o)}

(52, [-12)}

S1 implements . So implements .
via I and M via I and M

s 954

Needs' Solunoﬂl

Soft\y;lzg SatzsﬁMofMare Specification: Another Examp {@

= T 7o
Customer  Developer Cuslumer Developer Customer  Developer Developer Customer
announcement software contract i
{Lastenheft) (Pfllchtenheftl (incl. Pflichtenheft] software delivery
Software Specification Software

- .
e Assume we can observe at well-defined
o Example positive scenarios points in time the observables relevant for the

 Example negative scenarios use cases when the software S runs.

o Then the behaviour [S] of S can be viewed
as computation paths where each state ¢; isa
Define: (S,[-]) € [] if and only if valuation of the use case’s observables.

o Use Cases with pre-condition

o for each positive scenario, there is a e And then we canrelate S to ..
a .

corresponding o, — o, —= oy - - - € [S],

for each negative scenario, there is no

) ay oy
corresponding oy —+ oy —> o5 - -+ € [S],

o for each use case with pre-condition,
if some o; satisfies the pre-condition, then

i41 i42
O ——> 041 —— """

corresponds to the use case.

-9 -2017-06-19 - Sformalre -
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Softwere Satzsﬁg&\ioftware Specification: Another Examp
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O

il - ke -

Customer  Developer Cuslumer Developer
announcement
{Lastenhett) (Pfllch(enheft]

Software Specification

[SC buy water
AC e
AMinvariant I strict

\
User CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser \
\

T T

N\

N\
= |

N\

pHTEH

\ wnler

/

tock

ASSSSRRNNNN

Define: (S,[-]) €

[-] if and only if

e tja... (in a minute)

Content

- 101

Customer  Developer Developer Custorner

software contract i
(incl. Pflichtenheft) software delivery

Software

e Assume we can observe at well-defined
points in time the observables relevant for the
LSC (conditions and messages) when the soft-
ware S runs.

o Then the behaviour [S] of S can be viewed
as computation paths over the LSC's observ-
ables.

o And then we can relate S to ..

M54

e Formal Methods in Requirements Engineering

(e Software & Software Specification, formally

(e Requirements Engineering, formally

(e Examples:

(e Decision Tables

(e Use Cases

(o Live Sequence Charts

e LSC Semantics:

(e Full LSC syntax

(e Activation, Pre-Chart, Chart Mode

e Automaton Construction

(e Loop / Progress / Exit Conditions

o LSCs vs. Software

o Excursion: Symbolic Bichi Automata

e Methodology

(e Requirements Engineering with scenarios

(e Strengthening scenarions into requirements
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LSC Semantics

Full LSC Syntax
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/

VWA;V\ -&Ln{(', 2

/

Wt/ v 2

Vniressl 4
AfullLSC.¥¢ = (PC, MC, aco, am,© ¢) consist of

LSC:  buy water

é%: invariant I:  strict

User ‘ ‘ CoinValidator ‘ ‘
T T

/7
o

|

|

| |
PWATER |
1 —

SN N NN

water_in_stock

pre-chart PC = ((Lp,=2p,~p),Zp,Msgp,Condp, Loclnvp,Op)
main-chart MC = ((Lar, Xnrs~n)s Zar, Msgyr, Cond g, Loclnvyy, © 5 Y (non-empty),

activation condition acg € ®(C),

strictness flag strict (if false, £ is permissive)

activation mode am € {initial, invariant},

chart mode existential (© ¢» = cold) or universal (© ¢» = hot).

13/54
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From Concrete to Abstract Syntax

locations L,

<XCLXL ~CLXL

I:{Il,..‘,ln},

Msg C L X E X L, <

Cond C (2£\ 0) x &(C)
Loclnv C £ x {o,e} X ®(C) x L x {o, e},
O : LU Msg U Cond U Loclnv — {hot, cold}.

v
L]

L=A{l0,li,1,l1,2,l1,3 li2,l1,4, l2,0,021,02,2,023,
lio<lii<lb2=<liz li2<lia,
i <121, lao<lio, laz3<liz l32<li4,

loo <l21 <122 <123,

13,0,13,1,13,2,13,3}
l3,0 <131 <132 <133,

log ~ 31, l22~l30,

I ={{lio,l1,1,l1,2, 01,3, 11,4}, {l2,0,l2,1,12,2, 12,3}, {I3,0, 3,1, l3,2§}> és
Msg = {(l1,1,A4,12,1), (2,2, B, l1,2), (2,2, C, l3,2), (I2,3, D, l1,3), (Is,3, E, l1,4) }

Cond = {({lzr] s 1371}, (14)7 ({]gg} ca N\ (33)},

Loclnv = {(lLl’O’w

32/46

LSC Semantics

am = initial am = invariant
/@um@mell\loo @wéW@k<m€]Noo
S AW E a0 A et (OF) Atrren 0,€F) G N e (OF) Ny (0, CF)
To) Aw/l,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(PC))
Il A /\wm+1 ': _"‘l’ﬂl‘it(cé\/[) A wm+l ': _‘wemi(céw)
N wn = wpmg(mvcéw) A W™ = 4y (0, Céw)
py Aw/m+ 2 € Lang(B(MC)) /m +2 € Lang(B(MC))
koo al
EWVmENye g’fi’i?yl‘/—//
5) /iwo ': aC/\ﬁd’e.mt(CéD) /\d’pmq(@v C(f) ”‘C/\ﬁd)vﬂf(c /\d)}mm(@ cy )
‘ﬁ Aw/l,...,w/m € Lang(B(PC)) /\w/k—i—l ,w/m € Lang(B(PC))
si N A wm+1 '= "weuL(CM) A w”L+1 '= “weml(c )
)| \LED) v (0,01 W Y (0, C3)
rule ANw/m+ 2 € Lang(B(MC)) /\w/m+2€ Lang(B(MC))

e w € W isaword (for the moment, think of a computation path, like o, 4, o, 2z, Oy

o Here, W is a set of words (for the moment, think of computation paths, like [ST]).

e [9])

15/54
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DSQ Semantics

Oy m am = irﬂ’@l T am = in |ary\
(@wEW@mE owhac @wEW@k<m 0@}:&0
- A w’ (0, AN w" = g, CF)
TO.) Aw/l,...,w/m € La ANw/k ...,w/m € Lang(B(PC))
ot w™ = "["Egtnd(@vcéw) ! = "/Jfgtnd(@acéw)
pidetel Aw/m+1 € Lang(B(MC)) w/m +1 € Lang(B(MC))

= 7

r@ueW.@Eac

A w? = wﬁg{nd(m’ C(I)))

(D € Wik < m & Mo (@) ac

Awt = g (0,60)

Aw/l,...,w/m € Lang(B(5 /k+1,...,w/m € Lang(B(PC))
A w™ T = g0, Co F Ve (0. C3")

\@ Wt e S, Co) (= ™ $5i 0,630

Lang(B(MC)) ANw/m + Lang(B(MC))

€ W is aword (for the moment, think of a computation path, like o, 2, o, 22, oy -+ € [S])

16754

Example: Vending Machine )

e Positive scenario: Buy a Softdrink

OLDENBURG
HEE =

(i) Insert one 1 euro coin.
(i) Press the ‘softdrink’ button.

(iii) Get a softdrink. ‘ !

o Positive scenario: Get Change L 2
(i) Insert one 50 cent and one 1 euro coin. —_—
(i) Press the ‘softdrink’ button.
(iii) Get a softdrink.
(iv) Get 50 cent change.

L
<

[
¢

o Negative scenario: A Drink for Free
(i) Insert one 1 euro coin.
(i) Press the ‘softdrink’ button.
(iii) Do not insert any more money.
(iv) Get two softdrinks.

-06-19 - Sprechart -

-9-2017

17/54



LSC Semantics

buy softdrink
true

invariant |:

permissive

Vend. Ma.

El

am = invariant

b
==
=3
=3
=
Py
=
—
o

© 4 = cold

Jw € W3Im € Ng e
Aw® = ac A =eait (CF) Aprog (9, CF)
Aw/L,...,w/m € Lang(B(PC))
A ™t = ﬁwer,,zr,(ctl)u)
A ™t e ¢pmg(@7 C(])VI)
Aw/m+2 € Lang(B(MC))

JweW3Ik<meNye
Aw" ': (lC/\_‘U)m:xt(C(f) /\7/)171'@(@705)
ANw/k+1,...,w/m € Lang(B(PC))
A I i (CAT)
Aw™ Tt = wnmq(@a CrI\VI)
w/m + 2 € Lang(B(MC))

© 4 = hot

YweWVmeNge
Aw® | ac A =it (CF) Abprog (0, CF)
Aw/l,...,w/m € Lang(B(PC))
Aw™ ! = _‘diem(crj)u)
= W™ Yy (0, G5
Aw/m + 2 € Lang(B(MC))

VweWVk<meNgye
AwF | ac A eit (CF) Apyrog (0, CF)
ANw/k+1,...,w/m € Lang(B(PC))
AW i ()
= W Yy (0, C3)
Aw/m + 2 € Lang(B(MC))

LSC Semantics

am = initial

LSC:  getchange

AC.  frue

AM: invariant |: permissive
r -
| ‘ User ‘ ‘ Vend. Ma. ‘ |
|
| C50 |
! |
! |
! E1l |
! |
! |
i pSOFT !
| |
| SOFT |
| |

|

} chg-C50 :
| 7 |
| 7

am = invariant

e
o=
=3
=3
=
Py
=
pury
o

©¢ = cold

Jw e W3Im € Ny e
Aw? = ac A =it (CF) A prog (0, C8)
Aw/l,...,w/m € Lang(B(PC))
Aw™ = g (CT)
AW = 4y (0, C3T)
Aw/m + 2 € Lang(B(MC))

Jw eWIk<meENge
AP | ac A0t (CF) Abproy (0, CF)
ANw/k+1,...,w/m € Lang(B(PC))
Aw™ T e ﬁlpc:it(céw)
AW = g (0, C31)
ANw/m+2 € Lang(B(MC))

© 4 = hot

YweWVmeNye
A’ [ ac At (Cf ) Atbprog (8, CF)
Aw/l,...,w/m € Lang(B(PC))
Aw™ I g (CF1)
= W™t (0, CT)
ANw/m + 2 € Lang(B(MC))

VweWVk<meNye
Aw" ': aC/\"weu:zt(C({))/\wpmg(wﬁc(f)
ANw/k+1,...,w/m € Lang(B(PC))
Aw™ T i (Cp)
= W™ = g (0, CT)
Aw/m + 2 € Lang(B(MC))

18/32
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LSC Semantics

[SC: buy water <

- true o=

AM: invariant I strict =

) e e T T T T ==

/) ‘ User ‘ ‘ CoinValidator ‘ ‘ ChoicePanel ‘ ‘ Dispenser \ =

/ 7 Io—_ \ =)

/ 5 | T {la— —

; —m | SR =
\ A ’

\ water_in_stock

I
y| | I
WATE,
\\ Z ¥ A: TER | 1 //
|
i
|

ANSNNRNNNNNN

am = initial

am = invariant

Oy = cold

Jw e W3Im €€ Ng e
A’ | ac A =Yeit(Cg ) Abprog (8, Cg)
Aw/1,...,w/m € Lang(B(PC))
AW ot (Cg1)
AW g (0, CM)
Aw/m +2 € Lang(B(MC))

Jw eWIk<m€eNge
AwF = ac/\—ﬂbem(c(l)j)Ad’pmg(@vc(f)
Aw/k+1,...,w/m € Lang(B(PC))
Aw™ T e (CFF)
AW = g (0, CRT)
ANw/m +2 € Lang(B(MC))

-2017-06-19 - Sprechart -

-9

VYwe WVm e Nge
Aw® = aC/\ﬁwem(c(})J) /\wpmq(@’CéD)

VweWVEk<smeENe

Awk = aC/\ﬁwemt(C(f)/\wm'ag(oﬁc(f)

=
o
"ﬁ Aw/1,...,w/m € Lang(B(PC)) ANw/k+1,...,w/m € Lang(B(PC))
w | AwTTE (Gl Aw™ = i (C31)
@ = W = 0 (B, C)) (=) W™ = g (B, CH1)
Aw/m + 2 € Lang(B(MC)) Aw/m + 2 € Lang(B(MC))
I — 2073
LSC:  buy softdrink == <
B Bt e 2L
: invariant I: permissive
LI e =
I =
‘ ‘ Vend. Ma. ! S =
El | z
I
pSOFT | 2
I
I
SOFT }
|

O am = initial am = invariant
Jw e WIm e Ny ew’ = ac Jw e W3Ik<meNyew" = ac
= A’ | (0, CF) w = (0, CF)
ToJ Aw/l,...,w/m € Lang(B(E k+1,...,w/m € Lang(B(PC))
Aw™ T (0, G Y (0. Cg")
MC)) w/m + Lang(B(MC))
VweWew VweWVE<me o w" = ac
Aw® Awk =i (0, ¢f)
3 A ,...,w/m € Lang(B(PC)) Aw/k+1,...,w/m € Lan
< m one m on:
B W™ = 9gat (0, C8h) Aw™ = gt (0, 05)
= W™ G0, G5 = W™t =G0, C)
; Aw/m+1 € Lang(B(MC)) Aw/m +1 € Lang(B(MC))

-9

.



DSQ Semantics

LSC get change
M.

permissive ‘

SOFT

invariant  I:
|
‘ User ‘ ‘ Vend. Ma. “
|
< €50 | I
| |
' ! |
; E1 ' |
i l
pSOFT }
|
|
|
|
|

chg-C50

am = initial

am = invariant

cold

Jw € W3Im € Ny ew’ = ac
Al 90, CF)
ANw/l,.

.,w/m € Lgtg(B(PC))

W3k <meNyew’ = ac
Yot (0,Cg)
.,w/m € Lang(B(PC))

- 2017-06-19 - Sp

-9

Vw € Pouw’ = ac

W0 = w0, cf)
Aw/l, ...,
Aw™ = S0, Cd)

— mt! ): ,(pCond(@’Cé\/I)

cold

ANw/m+1 € Lang(B(MC))

w/m € Lang(B(PC))

VweWVE<meNyew
N (el
Aw/k+1,...,w/m € Lang(B(P
A g0, OT)

cold
= W™ EeGR0,C")
Aw/m + 1 € Lang(B(MC))

™.

User

SONNN

CoinValidator

\/
&
S

» WJ TER

ChoicePanel

Dlspenser

\“Y‘/

| S

water_in_stock

ANN

ASSNNNN

WATER

am = initial

am = invariant
N

cold

Jw e WIm € Ny e w®
Aw® | (0, CF)
Aw/l,...,w/m € La
/\wm+1 ':wCOnd

E ac

Yrar? (B, CF)
.,w/m € Lang(B(PC))

E vier(0,65)
Aw/l,...,w/m € Lang(B(PC))
Aw™ T = G 0, CoT)

= w"t EeSi0, 03"

Aw/m+ 1€ Lang(B(MC))

YVweWVk<mecNyjew
Awk = (@, CF)
Aw/k+1,...,w/m € Lang(B(
Aw™ = it (0, 63)
&Ew™ = vGr 0.0

Aw/m+1 € Lang(B(MC))
—_— —_—

™.




Example: Vending Machine

-06-19 - Sprechart -

-9-2017

o Positive scenario: Buy a Softdrink

(i) Insert one 1 euro coin.
(i) Press the ‘softdrink’ button.
(iii) Get a softdrink.

o Positive scenario: Get Change

(i) Insert one 50 cent and one 1 euro coin.
(i) Press the ‘softdrink’ button.
(iii) Get a softdrink.
(iv) Get 50 cent change.

o Negative scenario: A Drink for Free
(i) Insert one 1 euro coin.
(i) Press the ‘softdrink’ button.
(iii) Do not insert any more money.
(iv) Get two softdrinks.

OLDENBURG

L

[
¢
C

LSC Semantlcs ‘ LSC: only one drink ‘
AC: rue
AM: invariant |:  permissive _.
,/ ‘ User ‘ ‘ Vend. Ma. ‘ \\
\
/I El \
/ \
/ \
/ pSOFT "
\ ]
\ /
\ SOFT “C50!A—B1Ly
/
QC \ soPT j
\ /
\ /
false
7
Ox am = initial am = invariant

e
o=
=3
=3
=
Py
=
pury
o

Jw € W3Im € Ny ew’ = ac
Aw® | (0, Cg)

Jw e W3Ik<meNyewh = ac
A wk = d’f:tnd(@’ccl)p)

o
E Aw/l,...,w/m € Lang(B(PC)) Aw/k+1,...,w/m € Lang(B(PC))
Aw™ T d (0, C3T) Aw™ T = (0, 63T)
Aw/m+1 € Lang(B(MC)) Aw/m + 1 € Lang(B(MC))
Vwe W euw’ = ac VweWVk <m € Ngew” |= ac
Aw® = (0, CF) Aw® = (@, CF)
B 5 Aw/l,...,w/m € Lang(B(PC)) Aw/k+1,...,w/m € Lang(B(PC))
=

Aw™ L = gl (g, M)
= w0, 65"

ANw/m+1 € Lang(B(MC))

-06-19 - Sprechart -

Aw™ L = gplond (g, Cé”)

cold

— Wt e gl oM)

cold

Aw/m +1 € Lang(B(MC))

-9-2017
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LSC Semantics: TBA Construction

23/54

The Plan: A Formal Semantics for a Visual Formalism

-9 -2017-06-19 - Slsc -

concrete syntax
(diagram)

((L£,=,~),Z,Msg, Cond, Loclnv, ©)
abstract syntax

(Buichi autormaton)
24/54
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Language of LSC Body: Example

%
.
E!
‘ E?A-¢ -
E?A$
v "
°
m P
~(F7V GV G?)
GIANG? A=F?
F?A=(GIAG?)
—F?
45 ) GIAGPAF? (46) )-(G'AG?)
F? GI'AG?
s qr)) )true

The TBA B(.Z) of LSC.Z over C and £ is (Cz, Q, Gini, —, Q) With

o Cp =CU &9, where &y = {E!, E? | EMé £}

o Q isthe set of cuts of .Z, ¢;y; is the instance heads cut,

o — consists of loops, progress transitions (from ~ £), and legal exits (cold cond./local inv.),

° Qr={C€Q|O(C)=coldV C = L}is the set of cold cuts and the maximal cut.

- 8-2017-06-01 - Scutfire -

4246

25/54

TBA Construction Principle

“Only” construct the transitions’ labels:
== {(0,Y1oop(0), 0) | 4 € QY U {(q, Yprog(9:4"),d") | a ~7 @'} U{(q, Yewie(0), £) | ¢ € Q}

=tfosy (0)

Yt —
wlno;ﬂ(Q) = stg(Q) A Tpszlnv(q) /\’L/)lgglglm’(q)

"pexit(q) =
(Vs (@) A =e53™ (9)
v VlSiSn (wg‘;ig(q, ;)

Loclnv,
A(=pe2a™ (g, q0) V=05t (q, 4i)))

Yprog (45 qn) = =uhet (a.an)

M Cond Loclnv,
U (q, qn) A er (@, @n) A pae (a5 an)
Locl
AR (g qn) A Yeo™ (g, qn)

26/54
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Loop Condition

'Ll)looP(Q) = stg(q) A wrl:gtcln\/(q) A wlgglzln\/(q)

o pME(g) = vlgign PMB(g, q;) A (St”bt = /\ _‘w)
PEE?NMsg(L)

=:strict(q)

Locl =
$6°" (@) = Ne=(t,1,6,/ 1) eLociny, ©(0)=0, Lactiveatq ?

A location [ is called front location of cut C'ifand only if 41’ € L el < 1'.

Localinvariant (lo, to, ¢, 11, t1) is active at cut (!) ¢
if and only if o < I < I; for some front location [ of cutgorl =11 Av1 = e.

o Msg(F) = {BL| (1, E,l') € Msg, € F}U{E? | (I, E,l') € Msg, I' € F}

o Msg(F1,...,Fn) = U1gign Msg(F;)

S
Q

Progress Condition

Loclnv,
Pt (@, a1) = V(g qn) A Yrr(a, an) A b ™® (gn)

M ) —
o Y9, 0i) = Apemsga\a) ¥ N Niti Npe(Msg(a;\a)\Msg(ai\a)) 7Y
A (strict == /\ —@)

P E(Er7NMsg (L)) \Msg(F;)

=Ystrict (2,94 )
© Y50 0) = A\y=(L,6)cond, 0(1)=0, Lr(a:\a)%0 P

Loclnv,e N —
e 1ty (¢,9) = /\)\:(Z,L,d),l’,L’)ELoclnv, ©(N\)=6, X e-activeat g; ¢

Local invariant (lo, to, ¢, 11, ¢t1) is e-active at ¢ if and only if
o lgp <1l <lq,0r

e l=1IlgANtg=e,o0r ‘

e l=l1NANt1=e

,,,,,,

for some front location I of cut (!) . e nes ﬂ\I
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Tell Them What You’ve Told Them. . .

Stiwytt -
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e Live Sequence Charts (if well-formed)

o have an abstract syntax.
o From an abstract syntax, mechanically construct its TBA.

o Auniversal LSC s satisfied by a software S if and only if
e all words induced by the computation paths of .S
o are accepted by the LSC’s TBA.
o An existential LSC is satisfied by a software S if and only if
o there is a word induced by a computation path of S
o which is accepted by the LSC's TBA.
e Pre-charts allow us to specify

e anti-scenarios (“this must not happen”),
e activation interactions.
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