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o allow true concurrency
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Exercise: Search the standard for “semantical variation poi

Crane and Dingel (2007), e.g. provide an in-depth comparison of Statemate, UML, and Rhapsody state
machines - the bottom line is:

« the intersection is not empty (ie. some diagrams mean the same to all three communities)
« none is the subset of another (i.e. each pair of communities has diagrams meaning different things)

Optimistic view:

« tools exist with complete and consistent code generation.
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Reflective Descriptions of Behaviour
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Constructive vs. Reflective Descriptions

Harel (1997) proposes to di

inguish constructive and reflective descriptions:

@

“Alanguage is constructive if it contributes to the dynamic semantics of the model.

« A constructive descr

on tells us how things are computed:

That is, its constructs contain information needed in executing the model

or in translating it into executable code. LIé

Ry
=27
» Areflective description tells us what shall (or shall not) be computed:
“Other languages are reflective or assertive, <
and can be used by the system modeler to capture parts of the thinking.
that go into building the model - behavior included -, 2
to derive and present views of the model, statically or during execution,
or to set constraints on behavior in preparation for verification.”

Note: No sharp boundaries! (Would be too easy.)

Why Sequence Diagrams?

Most Prominent: Sequence Diagrams - with long history:

o Message Sequence Charts, standardized by the ITU in different versions,
often accused tolack a formal semantics.

o Sequence Diagrams of UML 1x

Most severe drawbacks of these formalisms:

o unclear interpretatios
example scenario or invariant?

 unclear activation:

e Comvaidstor | [ Chacepanet Diperser
‘what triggers the requirement? T 1 1

« unclear progress requirement:
must all messages be observed?

« conditions merely comments

= nomeans to express
forbidden scenarios

Interactions as Reflective Description

« In UML, reflective ) descripti bsumed by i i
AUML model M = (€9, %4, 0%, .7) has a set of interactions .7
« Aninteraction Z € .# can be (OMG claim: equivalently) diagrammed as

« communication diagram (formerly known as collaboration diagram),

« timing diagram, or
« sequence diagram

Interactions as Reflective Description

Hence: Live Sequence Charts

* SDs of UML 2.x address some issues,
yet the standard exhibits unclarities and even contradictions Harel and Maoz (2007); Storrle
(2003)

« For the lecture, we consider Live Sequence Charts (LSCs) Damm and Harel (2001); Klose
(2003); Harel and Marelly (2003),
who have a common fragment with UML 2.x SDs Harel and Maoz (2007)

» Modelling guideline: stick to that fragment.

o iter
rak
it 1

Wain douck

[
10766

© In UML, reflective )

AUMLmodel M = (€2, .94

are

by i i

« timing diagram, or

« sequence diagram.

Course Map

o0

(a2 g

09,7 has aset of interactions ..
« Aninteraction Z € . can be (OMG claim: equivalently) diagrammed as

= communication diagram (formerly known as collaboration diagrarm),

G=(N.E.f)
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e = (0, consT Snd,)) e
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Live Sequence Charts — Syntax

12766
Full LSC Building Blocks for Later
interpretationy{strict or permissive)
activation condition/ LSC name, logical variable,/
class name,- pre-chart,
activation mode
(invariant or i
J
—
m:<70=_.=m3m\ ——_Om-\w:w-: h—_w_‘m\
14766

LSC Body Building Blocks

LSC Body: Abstract Syntax

Definition. [LSC Body]
AnLSC body over signature 7 = (7,6, V. atr, &) isa tuple

((L,=,~),Z, Msg, Cond, Loclnv, )

where

Lisafinite, non-empty of locations with
« apartialorder < C L x L.

. ity relation ~ C L x L dis

I={(h,....I} ing of L elg of T

1366

Msg C L x & x Lisasetof messageswith (1, E, I') € Msgonlyif (1,1') € <U~:

message (1, B, I') i called i iff1 ~ 1 and

Cond C (241 0) x Erpr.,

< set of conditions
vith (L, ) € Cond only if

Uforalll 1 € L.

o} x Bapr
€ Loclnv onl

x Lx {o
if1 < 1", o exclusive,

©: LU Msg U Cond U Loclnv — {hot, cold}
assigns to each location and each element a temperature.

set of local invariants.

clusive,

1566

LSC Body Building Blocks

o simultaneous region,
instance line head / i

[ S , o
exclusive,
.nc_a%cs_ _=<w:w:_n\
Bl b C
B

inclusive instantaneous message,/

(hot)fine segment (hot)condition -

coregion,
asynchronous message,

life line / instance line ,

From Concrete to Abstract Syntax

« locations L,

©« SCLxXxL ~CLXL

o T={n,....I},

© MsgCLxExL

« Cond C (2 \ 0) x Ezpr,

Locn € L x {o, 8} x Eapr., x L x {o
* ©: LUMsgUCond U Loclnv — {hot, cold}. N _ ¢

&

16166



From Concrete to Abstract Syntax

« locations L,

© XCLxL ~CLxXL

o I={n,....I.}.

o MsgCLXExXL

« Cond C (25 \ 0) x Ezpr,,

« Locinv C L x {0, 8}  Eapr, x L x {o,e
© ©: L UMsgU Cond U Loclnv — {hot, cold}.

L=, b Gy Gai by, o, 4.0
<= (00,0, (2, (828, (6, 2]
L=<t
~{ @) «
Hgy=$ (e, A8, {

el
Cool < (L85, wivW T
Lochr <§ (0,720, 20 808 4 st 01 preatt
O=§ Mok, Cobh Trad bobdd Gphet, . §

4 %
), (e 60, §

16766

Live Sequence Charts — Semantics

18766

From Concrete to Abstract Syntax

locations L,

e XCLxL ~CLxL

o I={n,...,I},

Msg C L x & x L

Cond C (25 \ ) x Ezpr,,

Loclnv C L x {0, 8} x Expr, x L x {o
© ©: LUMsgU Cond U Loclnv — {hot, cold}.

TBA-based Semantics of LSCs

Plan:

Given an LSC.# with body

(L, <, ~), T, Msg, Cond, Loclnv, ©),
constructa TBA B, and
define language £(.2) of .2 in terms of L(Bz),
in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model

* Then M = . (universal) if and only
And M = & (existential)

L(M) C L(2).

and only if £(M) N £(£) # 0.

Well-Formedness

Bondedness/no floating conditions: (could be relaxed a little if we wanted to) wa ;

« For each location / € L, if is the location of

™

« acondition, ie.3(L,¢) € Cond: [ € L, or
« alocal invariant
then there is a location " simultaneous to [, i.e. I ~ I', which is the location of

« aninstance head, ie. I’ is minimal wrt. <, or o
© amessage,

3, B ) € Msg 1 L € {I1, Iz}

Note: if messages in a chart are cyclic,
then there doesn't exist a partial order
(so such diagrams don't even have an abstract syntax).

1666 B 176

Live Sequence Charts — TBA Construction

206



Formal LSC Semantics: It’s in the Cuts! Formal LSC Semantics: It’s in the Cuts! Cut Examples
Definition. Definition. i 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line
Let ((L, <, ~),, Msg, Cond, Loclnv, ©) be an LSC body. Let ((L, %, ~),Z,Msg, Cond, Loclnv, ©) be an LSC body.
Anon-empty set () # C' C Lis called a cut of the LSC body iff Anon-empty set () # C' C Lis called a cut of the LSC body iff
 itisdownward closed,ie.Vi,l'el' e C NI =1 = l€C,  itisdownward closed,ie.Vi,l'el' e CAl <1 = l€C,
s closed under simultaneity, i.e. . closed under simultaneity, i.e.
Vil'el' € CAl~I — l€C,and Vil'el' eCAl~I = l€C,and
» it comprises at least one location per instance line, i.e. it comprises at least one location per instance line, i.e.
Viel3leCeoi=i. Viel3leCoir=i.

The temperature function is extended to cuts as follows:

hot ,if3leCe (Al e Col<1')AO(l) = hot
cold , otherwise

e(C) = ﬁ

thatis, C'is hot if and only if at least one of its maximal elements is hot.

g 2Wee d e : 2266

Cut Examples Cut Examples Cut Examples

i 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line _ 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line i 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line

226 2256 226



Cut Examples

0 # C C L - downward closed - sii

closed -

Cut Examples

2266

[ 0 # C C L - downward closed - si

closed -

226

Cut Examples

_ 0 # C C L - downward closed - sif ity closed - at loc. per i

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 betacut of LSC body ((L, <, ~),Z, Msg, Cond, Loclnv, ©).

Aset () # F C L of locations is called fired-set F of cut C'if and only if
© CAF=0andCU Fisacutie. Fis closed under simultaneity,
« alllocations n " are direct <-successors of the front of C' ie.
VIeFIV e Coll <IA@I" €Coll <I" <),
« locations n F, that lie on the same instance line, are pairwise unordered, ie.
ViZlUEFe@IETo{LlI}CI) = LAUAL 2L

« for each asynchronous (1) message reception in F.
the corresponding sending is already in C.,
V(LEV)eEMsgel' € F = L€C.

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

226

236

Cut Examples

_ 0 # C C L - downward closed - simultaneity closed - at least one loc. per instance line

Successor Cut Example

CNF=0-CUFi

ly

of asynchronous reception already in

P

2476



Successor Cut Example

CNF=0-CUFis ly dir i
sending of asynchronous reception already in

24766

Language of LSC Body: Example

The TBA B of LSC.# over  and £ is ( Ezpr(X), X, Q, qini, =, QF ) with

. Qi X

 Eapry(X) = Expr (&, X) (for considered signature ),

.  loops. prog it ).and legal exits (cold cond./local inv),
© Qr={C€Q|O(C) =coldV C = L} isthe setof cold cuts and the maximal cut

25766

Language of LSC Body: Example

Signal and Attribute Expressions

o Let.7 = (7., V. atr, &) be asignature and X a set of logical variables,

« The signal and attribute expressions Exzpr ., (&, X ) are defined by the grammar:
u=tue | Y| Ely | EL, [~ | g1V,
where expr : Bool € Expr ,, E € &, x,y € X (or keyword env).

* Weuse
Er(X) = {E, EL, | E€ &2,y € X}

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

2576

2676

Language of LSC Body: Example

TBA Construction Principle

Recall: The TBA B(.%) of LSC . is ( Expr3(X), X, Q, qini —, Q) with
* Qisthe set of cuts of ., gy, is the instance heads cut,

o Brprg =& U En(X),

- consistsof it ~).and

o F={C€Q|O(C) =cold v C = L}is the set of cold cuts.

localinv).

2576
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TBA Construction Principle

Recall: The TBA B(.¢) of LSC £ is (Ezpr(X), X, Q, qini, —, QF) with
o Qisthe setof cuts of . q,
o Brpryg = % U &n(X),

« — consists of loops, progress transitions (from ~~ 1), and legal exits (cold cond./localinv),
« F={C€Q|O(C)=cold v C = L} isthesetof cold cuts.

the instance heads cut,

ly” need to construct the transitions labels:

the following, we

==, a) la€Q}u{la, q)la~rdyu{la L)la€q}

g e

TBA Construction Principle

“Only” construct the transitions’ labels

(9),0) | 4 € QYU {(4. ¥prog(a.4'),a) | 4~ 5 a'} U {0, ¥erie(a). L) | 4 € Q}

—={(a

u.z.:
_—
Lo,

(@) = ¥ (q) A v

Loctny

(a) Mpegs™ (@)

o (0:00) = ol

~9i5i™ (@)

W (g, qn) AU (g, an) A Y

AU (@, an) A

A0 (4 a0 V0 $ (g, a0)))

g 28/6¢

TBA Construction Principle

Recall: The TBA B(.#) of LSC £'is ( Ezpr3(X), X, Q, @ini, —, QF ) with
« Qisthe setof cuts of Z,q,
© Brprg = 30 &n(X),
> consists of loops, progress transitions (from ~ ). and legal exits (cold cond./local inv).
« F={C€Q|6(C)=cold v C = L} isthesetof cold cuts.

is the instance heads cut,

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

== (0 Ytoop(0).0) | 4 € Q}U (@, ¥prog(a:0).0') | g > 0’} U {(4: Yeme(0). L) | 0 € Q}

s

Loop Condition

() = ¥"M2(9) A U™ (a) A VLA™ ()

YME(g) = Ve, ¥V (a,0i) A (strict = Ayemsg(r) ")
o rew®
= ()

VB (@) = A= (6,040 eLoco, 0(0)=0, tactiveatq @

Alocation [ is called front location of cut C'if andonly if A1 € L el < I'.
Localinvariant (I, 1o, ¢, [1,11) is active at cut (1) ¢
ifand only if lo < I < I, for some front location { of cut gor Iy € g A ¢y = ».

Msg(F) = {E}, ., | (1LBE.l') € Msg, 1 € FYU{E], | (LE,I') € Msg, I' € F}

L

* x; € X is the logical variable associated with
the instance line 7 which includes I, ie.l € I.

o Msg(F1,... Fn) = Uy <icp Msg(Fi)

TBA Construction Principle

Recall: The TBA B(2) of LSC % is (Expri(X), X, Q, qini, —, Q) with
« Qisthe setof cuts of Z, g,
o Eapryg = & U &(X),
 — consists of loops, progress transitions (rom ~ ). and legal exits (cold cond /local inv),
o F={CeQ|O(C)=coldVv C = L} is the set of cold cuts.

the instance heads cut,

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

—={(a," w(@), L) | € QY

p(@).0) | 2 € QYU (e, ¥prog(a:4).0') | g =F 0’} U {(a,
9): “what

ﬁw allows us to stay at

- cutq

Wit ()
hat allows us to

legally exit ™|

Yprog(4,9')
characterisation of
firedset F,,

2ses

Progress Condition

a0 06) = WM an) A, an) A U™ (an)

* U000 = Apemssaa) ¥ N A Avemssta; o \wias(ai\a) ¥
A (strict = Ayemsgey\msg(ry) %)
[
* Y5090 = Ay—(Lgrecons 0 =0, Lntaa)#0 ¢

Locln.e
* Yy (@,80) = Ax=(t,0.6,/ 1) eLochnv, ©(3)=6, X s-activeat g, ¢

Localinvariant (lo. to, 6, 11, 1) is e-active at q if and only if
o lg <1 <ly0r

Cl=loAw=eor

cl=hinu=e

for some front location [ of cut (1 .




Example

jcal variables =, y, =
for the instances lines
(from left to right).

Excursion: Biichi Automata

Course Map

3166 4 3266
From Finite Automata to Symbolic Biichi Automata
Bichi
“ANNANNNNNA~
infinite words
> symbolic
A = ({r} > N) Bum = ({a} > N)

cven(z) sichi cven(s)
“ANNANNNNN~

perre infinite words porre

3466 N 35766

Tell Them What You've Told Them. ..

« Interactions can be reflective descriptions of behaviour, i.e.
« describe what behaviour is (un)desired,
without (yet) defining how to realise

« One visual formalism for interactions: Live Sequence Charts
« locations in diagram induce a partial order,
« instantaneous and aynchronous messages,
« conditions and local invariants
« The meaning of an LSC is defined using TBAS.
« Cuts become states of the automaton.
« Locations induce a partial order on cuts.

 Automaton-transitions and annotations
correspond to a successor relation on cuts.
. ignal / attrib i
o Later:

= TBA have Biichi acceptance (of infinite words (of a model)).
« Full LSC semantics.
o Pre-Charts,

336

Symbolic Biichi Automata

Definition. A Symbolic Biichi Automaton (TBA) is a tuple
B = (Ezprs(X), X, Q; gini, —, Qr)

where

« Xisasetof logical variables,

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

« Qisafinite set of states,

© gini € Qis the initial state,

© — C Q x Erpry(X) x Q s the transition relation. Transitions (¢,, ¢') from g to ¢’
are labelled with an expression v € Eaprys(X).

« Qr C Qisthe set of fair (or accepting) states.

3676



Word

Definition. Let X be asetof logical variables and let Ezprs(X ) be asetof Boolean
expressions over X.

Aset (3, - = -) s called an alphabet for Ezpr(X) if and only if
« foreacho € %,
« for each expression expr € Ezpry, and
o foreach valuation § : X — %(X) of logical variables,

either o |=5 expr or o 5 expr.

(o satisfies (or does not satisfy) expr under valuation 3)

An

e sequence
w = (1)ien, €3

over (%, - | ) is called word (for Eapr (X)),

376

The Language of a TBA

Def on.
We say TBA B = (Eaprs(X), X, Q, qini, —, Qr) accepts the word

w = (0i)ien, € (Ezprg — B)*
if and only if B has arun
o= (a)ien,

over w such that fair (or accepting) states are visited infinitely often by o,
. such that

VieNodj>i:q €Qr.

We call the set £(B) C (Bapry; — B)* of words that are accepted by  the
language of 5.

396

Run of TBA over Word

Definition. Let B = (Bapry(X), X, Q, ini, — Qr) beaTBA and

=01,02,03,.
aword for Exprs(X). An infinite sequence
2=00,q1,2,-.. €QY

is called run of B over w under valuation 8 : X — Z(X'

* 90 = Giniv
« foreachi € Ny there is a transition
(@i, ¥is gi+1) €

suchthato; =5 ¥

The Language of a TBA

Def ion.
We say TBA B = (Eapr(X), X, Q. gini, —, Qr) accepts the word

w = (0:)ien, € (Baprg — B)”
ifand only if B has arun
0= (q)iero

over w such that fair (or accepting) states are visited infinitely often by o,
. such that

VieNo3j>i:q €Qr.

We call the set £(B) C (Ezpri — B) of words that are accepted by B the
language of 5.

Example:

3866

Run of TBA over Word

Definition. Let B = (Ezpry(X), X, Q, gini, — Qr) bea TBAand
w=01,00,03,.
aword for Eapr5(X). An infinite sequence

20=00,q1,q2, .- € Q*

and only if

is called run of 13 over w under valuation 3 : X — %(X

© = dinis
« foreachi € Ny there s a transition
(g, ¥i,0i41) €~
suchthato; =4 ;.

Example:

Language of UML Model

40se



The Language of a Model

Recall: AUML model M = (€2, %4 . 6 %) and a structure 2 denote a set [M] of (initial and

consecutive) computations of the form
(00,20) % (01,61) % (02,62) % ... where

a; = (consi, Snds, ug) € 275 x 22 L LANXDE) g ()

Words over Signature

Def on. Let.# = (.7, %, V, atr, &) be a signature and 7 a structure of ..
Aword over . and 7 is an infinite sequence

(01w, consi, Snds) ey, € B2 x D(E) x 275 x 22E) U LotDx2(€)

« The language £(M) of a UML model M = (€2, %4, 67)
is a word over the signature . (% /) induced by € and 7,
given structure 7.

Ales

4366

The Language of a Model

Recall: AUML model M = (42, %4, 6 %) and a structure & denote a set [ M] of (initial and

consecutive) computations of the form
Asi&B;S%;P;S,m:nlnfsrﬂm

ai = (consi, Sndi, u;) € 2708 x 2@ L LANXIO) o giep),
s - 5
=A

For the connection between models and interactions, we disregard the configuration of the

ether, and define as follows:

Definition. Let M = (€%, ##, 6%7) be a UML model and # a structure. Then
L(M) := {(0s, us, consi, Sndi)ien, € (B2 x A)* |
(consg, Sno)
o

3(ei)iemo : (00, 0) LI, () o1 € (M}

is the language of M

Satisfaction of Signal and Attribute Expressions

« Let (o, u, cons, Snd) € £% x Abeatuple
consisting of system state, object identity, consume set, and send set.

o Letf: X — (%) be avaluation of the logical variables.

Then

o (0,u, cons, Snd) = true
o (0,u, cons, Snd) =5 vifand only if I[¥](c. 8) = 1
o (0,u, cons, Snd) =3 ~if and only if not (o, cons, Snd) =5 ¥

o (0,u, cons, Snd) =5 v Vit and only i (o, u, cons, Snd) =5 th1 of (o, u, cons, Snd) |=5 2

o (o,u, cons, Snd) k=5 E. , ifandonly if 3(z) = u A Je € Z(E) o (e, B(y)) € Snd

o (0,u, cons, Snd) =5 EL, ifand only if 8(y) = u A cons C 7(E)

Alrse

4466

Example: Language of a Model

£(M) = (01,1, consi, Snd) e [3(€0)ien, © (00,20) U, (01, e1) - € [M])

CD:

(conso, Sndo)

) LeomsnCBeh

(01,61 02,€2)

cons,Sndt ), Snd.
P by 12 s (00, 20) (B}, Sndy)

uo o
consa {(G0).e1
(04,e4) 4 {(G0.e1)]),

(76,86) = -+

(05,25)

(consg, {(:Fc3)}),
(o) maliTea)

({:F},Snds)

B 4276

Satisfaction of Signal and Attribute Expressions

o Let(o,u, cons, Snd) € %% x Abeatuple
consisting of system state, object identity, consume set, and send set.

o LetB: X — (%) be avaluation of the logical variables.

Then

o (o,u, cons, Snd) = true

o (o,u, cons, Snd) =5 ¥ if and only if I[y] (e, ) = 1

o (0,u, cons, Snd) =5 ~wif and only if not (o, cons, Snd) =5 ¥

o (0,u, cons, Snd) =gt V gz ifand onlyif (o, u, cons, Snd) = 11 of (o, u, cons, Snd) 5 2
o (o,u, cons, Snd) =5 B, ifand onlyif B(z) = u A Je € Z(E) o (e, B(y)) € Snd

o (o,u, cons, Snd) =4 ES , ifand only if B(y) = u A cons C Z(E)

ol ion: we don't use all i ion from the ion path.

We could, e.g. also keep track of event identities between send and receive.

: 44765



Example: Model Language and Signal / Attribute Expresions TBA over Signature TBA Construction Principle

Cp: he TBA B(2) of LSC £ is (Eaprig(X), X, Q. gini, =, Qr) with
o « Qisthe set of cuts of 2, g, is the instance heads cut,
o Baprg = ® U &n(X),
B = (Bzpry(X), X, Q, qini, =, QF) o —» consists of loops, progress transitions (from ~ 1), and legal exits (cold cond./localinv.).
S, (g eq) CmsSe), (o (conn (B ea))), (o (B Snda) ) . i ) « F={CeQ|O(C)=cold v C = L}isthe et of cold cuts.
o o . 2 where Exzpr(X) is the set of signal and attribute expressions Ezpr .. (&, X)
(econsa,{( )] (03,¢5) ), (06,6) = - over signature . is called TBA over .7

(conss, {(:Fres)}) ({:F} . Snds.
e =

(03,€3) (04,€4) Soin the following, we “only” need to construct the transitions labels:

B
e B={z Ly ez cs}
o (00, 10, conso, Sndo) =5 yk > 0

© (00,u0, conso, Sndo) =g x.k > 0

o (o1,c1, cons1, {(: B,e2)}) b= Bhy ,
firedset F,”

* (01,01, comsn {(: B.2)}) s Fiy

o B,
o Weset (04, c2, consa, {G(), e1}) =5 (triggered operation or method call). H z
3 45766 * 46/66 2 47766
Course Map Full LSCs
AfullLSC.Z = (((L, <, ~), T, Msg, Cond, Loclnv, ©), aco, am, © ) consists of
o body ((L, <,~),T, Msg, Cond, Loclnv, ©),
D, SM peocL « activation condition aco € Expr .
vl fn\
T 8 v o strictness flag strict (f false, .2 is called permissive)
S = (T€.V,atr), SM eapr « activation mode am &
\JA:X dv Live Sequence Charts — Semantics Cont’d o chart mode existential (© & = cold) or universal (© & = hot).
o 5

M= (82, Ay, —su)
=%

Y

7 = (oulz0) L, (51 o)) ey = (01, consi Snd)),e

. 486 : 49766 : 50766



Full LSCs

AfUllLSC.Z = (L, =, ~), T, Msg, Cond, Loclnv, ©), aco, am, © ) consists of
body ((L. <, ~).Z, Msg, Cond, Loclnv, ©),
activation condition acq € Eay

strictness flag strict (if false,  is called permissive)

activation mode am € {initial, invariant},

« chart mode existential (6 & = cold) or universal (.5 = hot).

Concrete syntax:

Note: Activation Condition

50766
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Full LSCs

AfullLSC.Z = (((L. <, ~),T. Msg, Cond, Loclnv, ©), aca, am, © ) consists of
« body (L, =,~),T, Msg, Cond, Loclnv, ©),
« activation condition aco € Expr .,

 strictness flag strict (if false, £ is called permissive)

« activation mode am ¢ {initial, invariant},

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

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

P 2 = initial 2 = invariant
o | FweWeu | ach ~em(Co) Jwe W3k e Noew* = ac A~

8 (D, Co) Aw/1 € L(B(ZL)) Awk = ,Co) Aw/k + 1 € L(B(Z))
- ) YweWVkeNgout | ac A )

2 0,Co) Aw/1 € L(B(L)) = w* |= Y0, Co) Aw/k +1 € LIB(

where Ci is the minimal (or instance heads) cut.
5076

Existential LSC Example: Buy A Softdrink

sm
= =
= =
= =

buy softdrink
true

invariant 1. permissive m

5366

Full LSC Semantics: Example

« {GE.ca (:E]

s (02,e2)

<= (00,20)

uo
) (cons4,{(G

2

(cons3, {(:Fc:

({:F},Snds)
(05,25) L2 (06,26) = -+~

(03,€3)

(ones

Existential LSC Example: Get Change

=] =
== ®
== =
= =
et change H=E =

frue .
invariant I:__permissive

SOFT

chg-C50

[}
i

I
I

i
I

I
I

I
I

I
I

i
I

I
! W
| PSOFT i

i
! I
I

I
! I
! I
! I
I

I
I

I
! I
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TBA-based Semantics of LSCs

Plan:
(i) Given an LSC.# with body
((L, =, ~),, Msg, Cond, Loclnv, ©),
constructa TBA B, and
define language £(.%) of . in terms of £(Bz),
in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model.

« Then M k= . (universal) if and only if £(M) C £(2).
And M |= ¢ (existential) if and only if £(AM) N £(.2) # 0.

55766
Pre-Charts Semantics
am = invariant
TuewIk<meNge
=
8
I
5
@
H
I
3
®
5866

Live Sequence Charts — Precharts

Universal LSC: Example

73
invariant

suict

] [comatane | [ crocerra] [ osperer
:

OLDENBURG

56766

596

Pre-Charts

ARllLSCZ = (PC, MC, aco, am, © ) actu
o pre-chart PC = ((Lp,<p,~p),;

y consist of

Msg . Condp, Loclnv p, © p) (possibly empty),

o main-chart MC = ((Lar, Zar,~ar)s Tar, 7, Msg g, Condag, Loclnvag, ©) (non-empty),

activation condition aco : Bool € Eapr .,

strictness flag strict (otherwise called permissive)
activation mode am € {ini

invariant]},

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

5766

Universal LSC: Example

P
=

Foyvaer
it

596



Universal LSC: Example

By vater

Note: Sequence Diagrams and (Acceptance) Test

B

(s as well as (positive) scenarios in general

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

Forbidden Scenario Example: Don’t Give Two Drinl~

Note: Sequence Diagrams and (Acceptance) Test

Forbidden Scenario Example: Don’t Give Two Drinl;

OLDENBURG
STUDENTENWERK
OLDENBURG

=

ISConly one drink

AC true

ﬂ AM: _invariant_I:_permissive m
-\
B / User Vend Ma. |\ B
! \
! El \
! \
! \
/
/ pSOFT \
\ I
\ !
Y SOFT
\
\ SOFT
\
false
7
60766 60765

Note: Sequence Diagrams and (Acceptance) Test

Eer o

« Existential LSCs" may hint at test-cases for the acceptance test!

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

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

« Existential LSCs" may hint at test-cases for the acceptance test!

(s as well as (postive) scenarios in general,like use-cases)
1 « Universal LSCs (and negative/anti-scenarios) in general need !
(Because they reqire that the software exhibits the unwanted behaviour)
(7 61766



TBA-based Semantics of LSCs

I .
M= A B= @A S0 Fio)

w

Plan:
(i) Given an LSC.# with body

((L, =, ~),, Msg, Cond, Loclnv, ©),

(ii) constructa TBA B, and

i) define language £(.%) of Z in terms of £(Bx),
in particular taking activation conc

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

ion and activation mode into account.

© Then M = . (universal) if and only if £(M) C L(.).

And M |= ¢ (existential) if and only if £(AM) N £(.2) # 0. o
6

References
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Course Map
w
cD.sM peocL ¢p.sD
vy v
S =(T,€,V, atr), SM expr 7, 8D

v v

M= Ammm\(lmi

X
ooVl
wﬂu (Qsp: a0, Az, =5, Fsp)

ox

7= (s eg) L0, () o), t/\fp = (01, consi, Sndy)) e
v X
Tea-wE
L

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

« Biichi automata accept infinite words
« if there exists s a run over the word,

o which visits an accepting state infinitely often.

The language of a model is just a rewriting
of computations into words over an alphabet.

= An LSC accepts a word (of a model) if
B

tential: at least on word (of the model)
is accepted by the constructed TBA,

Universion: all words (of the model] ted.

Activation mode initial activates at system startup (only),
invariant with each satisfied activation condition (or pre-chart).
« Pre-charts can be used to state forbidden scenarios.

« Sequence Diagrams can be useful for testing.
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