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From Finite Automata to Symbolic Biichi Automata
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The Language of a TBA
Definition.
We say TBA B = (Cs, Q, gini, —, Q) accepts the word
w = (0:)ien, € (2(Cs) — B)”
— 0= (q:)ieno
over w such that
fair (or accepting) states are visited infinitely often by g, i.e., such that
VieNo3j>i:q; €Qr.
We call the set Lang(B) C (®(Cz) — B)“ of words that are accepted by B
the language of B.
Buyu =z} =+ N
even(z) (=} )
Example:
odd(z)
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Symbolic Biichi Automata

ion. A Symbolic Biichi Automaton (TBA) is a tuple

B = (Cs,Q. qini,— Qr)
where
» Cp is a set of atomic propositions,
. .

Each transitions (g, ¢, ¢') € — from state ¢ to state ¢’
is labelled with a formula ¢ € ©(Cs).

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

LSC Semantics: TBA Construction

e

Run of TBA

Definition. Let 5 = (Cs, Q. i, —+ Q) bea TBA and \»3&2
w= 01,0205, € (2(C8) = B)* 3 fake P
aninfinite word, each letter is a valuation of ®(Cs).

An infinite sequence
0=do, 01 SeQ
of states is called run of B over w if and only if

® 40 = qini,

o foreachi € INg there s a transition (gi, i, gi+1) €~ St. o |= ¥

)
= (<=2 n-ioﬁiv =z} W)
Example:

R=9a %51 Ta Bs,

The Plan: A Formal Semantics for a Visual Formalism

concrete syntax
(diagram)

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

semantics
(Biichi automaton)
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LSC Semantics: It’s in the Cuts! Cut Examples Cut Examples
- T arer Bl @ ®

Definition. Let (£, <.~),Z, Msg, Cond, Loclnv, ©) be an LSC body. i 0 # C C £ - downward closed - si ity closed - at least one loc. per instance line i 0 # C C £ - downward closed - simultaneity closed - at least one loc. per instance line
Anon-empty set ) # C C Lis called a cut of the LSC body iff C
« is downward closed, i.e.
VilleLol'eCALZI = L€C,
o is closed under simultaneity, i.e.
Vil e Lol eCAl~I = L€ C.and
= comprises at least one location per instance line, i.e.
VIETeCONI#0.

The temperature function is extended to cuts as follows:

hot ,if3leCe (Bl € Col<1')AB(l) = hot
cold , otherwise

e(C) = ﬁ

thatis, C'is hot if and only if at least one of its maximal elements is hot.
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A Successor Relation on Cuts Successor Cut Example Language of LSC Body: Example

The partial order “<" and the simultaneity relation “~" of locations

induce a direct successor relation on cuts of an LSC body as follows: CNF=0-Cu Fisacut-only.

Ehe

Definition.
Let C C £ betacutof LSC body (£, <, ~), Z, Msg, Cond, Loclnv, ©).

Aset() # F C L of locations is called fired-set F of cut C'if and only if anarnry Fia
BUSL 5t

@) crqar (@

e CNF=0andCU Fisacutie Fisclosed under simultaneity,

P Gnar

« alllocations in F are direct ~-successors of the front of C, i
VIeFIU eCol' <IN@I" €Col' <1"),

O

« locations in F, that lie on the same instance line, are pairwise unordere:
VIEU€Fe@AIETo{LUYCI) = LAUAL 2],
« for each asynchrongus message reception in .
the corresponding sending is already in C.
Y(LEl)EMsgel' € F — LEC.

The TBA B(.Z) of LSC . over C and € is (C3, Q, Gini, —, Q) with
© Cg=CU &y whereEp = {E E? | E € £},

« Qisthe set of cuts of Z, g is the instance heads cut,
e M S « — 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.

1556 16/56 . 756



TBA Construction Principle TBA Construction Principle

Recall: The TBA B(.%) of LSC_Z is (C, Q, @ini. —. Qr) With “Only” construct the transitions labels:
« Qisthe setof cuts of Z, g,
e Cs=CUEn

« —» consists of loops, progress transitions (from ~» <), and legal &
« F={C€Q|6(C) = coldV C = L} isthe setof cold cuts.

is the instance heads cut,

== {(2, Y1oop (). 0) | 1 € Q} U {(a (a).£) |a€Q}

(cold cond./local inv.),

Lo Lociny,

AU (@) AV (0)
Soin the following, we “only” need to construct the transitions labels:

(@,qn) =

oM

4.00) AV, 00) AR (0, 0)

AU

firedset F,

18756

Progress Condition Example

i) = UM, ) AU @ an) A UL

an)

@D 1) €2 4!
s F? 6!
o UM(0,0) = Aensgiana) ¥ A Ajsi A ATTé

A (strict = A

WE(Eyy Mg

(Msg(a;\a)\Msg(a:\a))

) \Msg(F;)

2
EIAD, ~&s
) - ..ﬁn_..w..w\r
© U50,00) = A= (1.6 Cond, ©()=0, L(a\0)#0 ¢
Locine
. Py (3:0) = Aa= ") eLoclny, ©(A)=0, A e-activeat g; P
Localinvariant (1, 10, ¢, 11, 1) is e-active at q if and only if
=<1 <l0r
o l=1lgNig=eo0r
cl=lhiAu=e
for some front location [ of cut (!) 4.
256 22s¢

Loop Condition

o M) = 2V igicp (9, 40) A (strict = A )
vespnMsg()

— s

)

@) = A

Alocation 1 is called front location of cut C'if andonly if 71 € L e < 1"

)ELoclny, ©(£)=0, factiveatq

wariant (1o, c0, @, 11, 1) is active at cut (1) ¢
ifand only if [o < L < Iy for some front location L of cut gor L = 1y A1 = ».

o Msg(F) = {E!| (LE,l') € Msg, L€ FYU{E?| (LE.I') € Msg, I € F}

o Msg(F,- o, Fa) = Unicn Msg(Fi)

Full LSCs

AfullLsC.Z = (((£, %, ~),Z,Msg, Cond, Loclnv, ©), acg, am, © « ) consists of
« body ((£,<,~),, Msg, Cond, Loclnv, ©),

activation condition aco € ®(C),

strictness flag strict (if false, ¢ is permissive)

activation mode am € {initial, invariant},

o chart mode existential (8. = cold) or universal (6 & = hot).

Concrete syntax:

235



Full LSCs

AfullLSC.Z = (((£. <, ~),Z. Msg, Cond, Loclnv, ©), aco, am, © ) consists of
« body (£, %,~),T, Msg, Cond, Loclnv, ©),

 activation co

ion acy € B(C).
o strictness flag strict (f fals
« activation mode am € {

2 is permissive)
invariant},

« chart mode existential (6. = cold) or universal (© & = hot)

Asetof words W C (C — B)* is accepted by . if and onl

| J—

O am =i

o | JueWeu'acn JweW3ke Noouw! = ach

B WO U0, Co) A/ € Lang(B(£)) w* b= G540, Co) Aw/k + 1 € Lang(B(£))
L | ywewe ac = WYEE N ac =

8 | "o ycom, & K 1 yCand ) )
2 = UEr(0, Co) Aw/1 € Lang(B(£)) wh = (0, Co) Aw/k+1 € Lang(B(£))

where ac = aca A WS (0, Co) A UM% (0, Co): Co is the minimal (or instance heads) cut.

Example: Buy A Softdrink

buy softdrink
true

P
=

[
=
&=
=

invariant 1. permissive m

El

PpSOFT

SOFT

Example: Get Change

et change
fue
invariant I:__permissive

P
=

®
=
=
=

E1l

SOFT

chg-C50

i
I
I
I
I
i
I
I
I
| PSOFT
I
I
I
I
I
I
I
i

Example: Vending Machine

itive scenario: Buy a Softdrink

Insert one 1 euro coin.
Press the ‘softdrink’ button.
Get a softdrink.

OLDENBURG

=
=
=
=
=
=
=
=

« Positive scenario: Get Change

Insert one 50 cent and one 1 euro coin.
Press the ‘softdrink button.

Geta softdrink.

Get 50 cent change

« Negative scenario: A Drink for Free

Insert one 1 euro coin.
Press the softdrink’button.

Do not insert any more money.
v) Get two softdrinks.

Anti-Scenarios: Don’t Give Two Drinks

OLDENBURG

only one dink
e
invariant |: _ permissive

Bl

) PSOFT

\ SOFT

\
R \ SOFT

bt 7 false
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Pre-Charts

ARUllLSC.Z = (PC, MC, aco, am, © ) actually consist of

pre-chart PC' = ((Lp, <p,~p), Zp. Msgp, Condp, Loclnv p, © p) (possibly empty),

main-chart MC' = ((Lar, <ar,~nr), Zar, Msg s, Condar,

activation condition acy € ®(C),
strictness flag strict (if false, 2 is permissive)

activation mode am €

wariant},

Loclnvar, ©ar

« chart mode existential (© & = cold) or universal (8. = hot).

Requirements Engineering with Scenarios

One quite effective approach:
(i) Approximate the software

N

)

(non-empty).

Software delvery

(ii) Refine result into universal scenarios (and validate them with customer).

Thatis:

« Ask the customer to describe example usages of the desired system.

In the sense of: “If the system is not at all able to do this, then its not

(> positive use-cases, existential LSC)

In the sense of: “If the system does this, then it's not what | want.
(— negative use-cases, LSC with pre-chart and hot-false)
y » S

what | want.

Ask the customer to describe behaviour that must not happen in the desired system.

. ige it . excep!
(— extend . refine LSCs with conditi i

Generalise into universal requirements. e.g. universal LSCs.

| cases and

o Valid: using new positive / neg:

: ask for positive / negative existential scenarios.

: L - 1%

Universal LSC: Example

o
Bt e

E
2

G| [comtam

| [ | [owenr ]

Strengthening Scengrios Into Requirements

305

e ]

-

e

Aw/m+1€ Lang(B(MC))

Ywe WYk <meNg

Wt ac

e, 08
Aw/m+ 1€ Lang(B(MC))

Strengthening Scengrios Into Requirements @
= = e

ML R RN O Y

« Ask customer for (pos./neg) scenarios, note down as existential LSCs:

o Re-Discuss with customer using example words of the LSCs language.

316
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Tell Them What You've Told Them. ..

.

Live Sequence Charts (if well-formed)

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

A universal LSCis satisfied by a software S if and only if

« all words induced by the computation paths of
« are accepted by the LSC5 TBA

Ane:

istential LSCis satisfied by a software 5 if and only if
« there is a word induced by a computation path of 5

« which is accepted by the LSC's TBA.

Pre-charts allow us to specify

« anti-scenarios (‘this must not happen’),
« activatior

Method:
« discuss (anti-)scenarios with customer,
« generalise into universal LSCs and re-v:

4856
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