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The Plan
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e Thu, 19. 1. Live Sequence Charts |

Firstly: State-Machines Rest, Code Generation

> ue, 24. 1. Live Sequence Charts Il

hu, 26. 1.: Live Sequence Charts IlI

. 31. 1.: Tutorial 7

Tue
o ZI' hu, 2.2. Model Based/Driven SW Engineering

e Mon, 6. 2.: Inheritance

o Tue, 7.2. Meta-Modelling + Questions

February, 17th: The Exam.
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Constructive Behavioural Modelling in UML: Discussion
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Semantic Variation Points
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Pessimistic view: There are too many...
e Forinstance,

e allow absence of initial pseudo-states
object may then “be” in enclosing state without being in any substate;
or assume one of the children states non-deterministically

e (implicitly) enforce determinism, e.g.
by considering the order in which things have been added to the CASE tools repository,
or some graphical order (left to right, top to bottom)

e allow true concurrency

e etc. etc.

Exercise: Search the standard for “semantical variation point”.

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

e theintersection is not empty (i.e. some diagrams mean the same to all three communities)

e none is the subset of another (i.e. each pair of communities has diagrams meaning different things)

Optimistic view:
e tools exist with complete and consistent code generation.

e good modelling-guidelines can contribute to avoiding misunderstandings.
AN e—
5/66


westphal
Bleistift


-18 - 2017-01-24 - main -

Reflective Descriptions of Behaviour
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Constructive vs. Reflective Descriptions
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Harel (1997) proposes to distinguish constructive and reflective descriptions

o A constructive description tells us how things are computed: } M%
m<'3

“A language is constructive if it contributes to the dynamic semantics of the

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

or in translating it into executable code.”

[ _ W/
i "y

/! ALI
o A reflective description tells us what shall (or shall not) be computed: -
“Other languages are reflective or assertive, C'f
and can be used by the system modeler to capture parts of the thinking
that go into building the model - behavior included -, J%

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.)
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Interactions as Reflective Description
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o In UML, reflective (temporal) descriptions are subsumed by interactions.
AUMLmodel M = (¢ 2, 4,02, .7) has a set of interactions .#.
e Aninteraction Z € .# can be (OMG claim: equivalently) diagrammed as

e communication diagram (formerly known as collaboration diagram),
e timing diagram, or
e sequence diagram.

Lifeline State or condition DurationConstraint

/Life/ine I sd UserAccepted J

Message sd UserAcc_User %
with {d..3*d} . X :User
Sequence F % DurationObservation—____|
number ) . | >
y — DurationConstraint — | ! Code d=duration

-ACSystem
|
I
|
1

:User Idle WaitCard XWaitAccess  Idle \5 ‘
— {d..3*d}|

M I
I
I
TimeConstraint l | CardOut W
\ : | t=now
! OK
Figure 14.30 - Compact Lifeline with States (OMG, 2007, 522) *(1..:+3)/ | Unlock
Il
TimeObservation " ‘
Lifelines State or condition  Duration Constraints
Figure 14.27 - Communication diagram (OMG, 2007, 515) Figure 14.26 - Sequence Diagram with time and timing concepts (OMG, 2007, 513)

|~ Time Constraint

T—— Message

Duration Observation
—

"~Time Observation

Figure 14.31 - Timing Diagram with more than one Lifeline and wi lessages (OMG, 2007, 522)
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Interactions as Reflective Description

o In UML, reflective (temporal) descriptions are subsumed by interactions.

AUMLmodel M = (¢ 2, 4,02, .7) has a set of interactions .#.

e Aninteraction Z € .# can be (OMG claim: equivalently) diagrammed as

e communication diagram (formerly known as collaboration diagram),

e timing diagram, or

e sequence diagram.
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Lifeline
Lifeline
L
Message sd
with
Sequence
number
Me:
Fiqure 14.30 - Cor|
Lifelines Si
Figure 14.27 - Communication diagram (OMG, 2007, 515) [
N

Duration Observation|
—

InteractionUse

Duration Constraint —____|

(inline) Interaction

decision

interaction constraint

Figure 14.28 - Interaction Overview Diagram representing a High Level Interacfior‘dfiagtant 7, 518)

sd OverviewDiagram lifelines :User, :ACSyslem/

i

A ;ﬁ)EstablishAccess(”IIIegaI PIN") ‘

—_— ]

{0..25)

—

>

sd
i
|
i

CardOut

:ACSystem
I
i
I

———

|
i i
@}/ij OpenDoor (IIA)
I RN

[T Ipin ok]

sd

:ACSystem
I
i

| Msg("Please Enter)

|
T
t

Figure 14.31 - Timing Diagram with more than one Lifeline and with Messages

Time Observation

(OMG, 2007, 522)

sd UserAccepted J
. ‘User
rvation— —____|
|
I
|

D
Code d=duration

-ACSystem
|
I
|
]

straint
§

|

nt

tion —""]

|
|
\L ! CardOut W
} ! t=now
/ oK T
~{t..t+3} | Unlock
| [ —
|
I I

equence Diagram with time and timing concepts

(OMG, 2007, 513)
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Why Sequence Diagrams?
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Most Prominent: Sequence Diagrams — with long history:

e Message Sequence Charts, standardized by the ITU in different versions,
often accused to lack a formal semantics.

e Sequence Diagrams of UML 1.x

Most severe drawbacks of these formalisms:

e unclear interpretation:
example scenario or invariant?

e unclear activation: User CoinValidator ChoicePanel Dispenser
what triggers the requirement? 7 .
50
N
e unclear progress requirement: 7 .
/\pAT
must all messages be observed? Z R

water_in_stock

e conditions merely comments

e NOo means to express
forbidden scenarios

dWATER
i

N

OONNNNNNNANNN
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Hence: Live Sequence Charts
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o SDs of UML 2.x address some issues,
yet the standard exhibits unclarities and even contradictions Harel and Maoz (2007); Storrle

(2003)

o 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)

e Modelling guideline: stick to that fragment.

LSC:  buy water
AC: true
AM: invariant |- strict

—_— - — e e =

/ User CoinValidator cp :ChoicePanel Dispenser \

/
/
@o@ ~dﬂm€ /\ -(C50!V E1!'V pSOFT!
\ V pTEA!V pFILL UP!)
\
\
0 <
\
\ /.
/
/
7 ~(dSoft! v dTEA!)>
\ /
Wann ()’W£ 7
/
/
/
7/
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Course Map
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A0 A=l=) h
CD,SM @ € OCL CD,SD & 2 S
v v ’
/f \R %*’ 5
L9” S, atr), expr <, 8D
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o
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Live Sequence Charts — Syntax
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LSC Body Building Blocks

: Oy

: Cq

13/66



LSC Body Building Blocks
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| ogt‘oﬂ/ A simultaneous region/

instance line head / /

exclusive /

(colcil},

local invarian‘t/

inclusive ,

(hot)Jline segment ,

coregion

life line / instance line /

(colc\l) line segment,

instantaneous messagg/

(ho’\c)/condition %

asynchronOL\J; message ,

13/66
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Full LSC Building Blocks for Later

-18 - 2017-01-24 - Slscsyn -

LSC name,/

interpretation {strict or permissive)

pre-chart ,

—

activation condition / logical variable /
LSC: buy water
LG buyy | class name -
activation mode AM: invariant |- stfict | -~~~
. . s /
(invariant or |n|t|al)/ ! User CoinValidator ¢p :ChoicePanel Dispenser

cp -> water_in_stock >

~(C50'V E1!V pSOFT!
V pTEA!V pFILLUP!

NN\

—(dSoft! v dTEA!)>

environment
V4

(ho’E)/main char
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LSC Body: Abstract Syntax
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Definition. [LSC Body]
An LSC body over signature . = (7,6, V, atr, &) is a tuple

((L,=,~),Z,Msg, Cond, Loclnv, ©) A

where == =
e L is afinite, non-empty of locations with a%

e apartialorder < C L x L,

e asymmetric simultaneity relation ~ C L x L disjoint with <,ie. < N~ = 0,

e T={I,...,1,}isapartitioning of L; elements of Z are called instance line,

e Msg C L x & x Lisasetof messages with (I, E,1") € Msgonlyif (I,1') € < U ~;
message (I, E, 1) is called instantaneous iff I ~ " and asynchronous otherwise,

e Cond C (2% \ #) x Expr . isaset of conditions
with (L, ¢) € Condonlyifl ~ I’ foralll #1’ € L,

o Loclnv C L x {o,e} X Expr ., X L X {o, e} isasetof local invariants
with (1, ¢, ¢,1",1") € LoclnvonlyifI < I, o: exclusive, e: inclusive,

e ©: L UMsgU CondU Loclnv — {hot, cold}
assigns to each location and each element a temperature.
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From Concrete to Abstract Syntax
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e locations L,

e XCLXL, ~CLXL

o ZT=Al1,...,1,},

e Msg C L x & X L,

o Cond C (2% \ 0) x Expr

o Loclnv C L X {o,e} X Expr, X L X {0, e},
e ©: L UMsgU CondU Loclnv — {hot, cold}.
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From Concrete to Abstract Syntax
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e locations L,

e XCLXL, ~CLXL

o ZT=Al1,...,1,},

e Msg C L x & X L,

o Cond C (2% \ 0) x Expr

o Loclnv C L X {o,e} X Expr, X L X {0, e},
e ©: L UMsgU CondU Loclnv — {hot, cold}.

L: {&,0) v el,'/, (2101 e (2(3 ‘ gg"” T ZZ;ZE
< c{ (-Q.o, Qq/\/ (e-,,'(rz.z\, (e'lz'e‘:’!){ (61-2/(’:"‘: Y (&'4’ Pa"’)l <(Z’2’ €7’2J 1 }

<=<¥
- ¢

~ :{ (em,@&,\ g

"
Hoy-5 (e, Ae)

CWo(:ﬁ ({ﬁmj/xﬁﬁ/ -

Lochw < (G 00v=02 815 g e Copf colel

O = % Ml Colhd Trcdd, 4 dd, Gop het, ?
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From Concrete to Abstract Syntax
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e locations L,

e XCLXL, ~CLXL

o ZT=Al1,...,1,},

e Msg C L x & X L,

o Cond C (2% \ 0) x Expr

o Loclnv C L X {o,e} X Expr, X L X {0, e},
e ©: L UMsgU CondU Loclnv — {hot, cold}.
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Well-Formedness
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Bondedness/no floating conditions: (could be relaxed a little if we wanted to)

e Foreach location! € L, if [ is the location of o - & v
e acondition,i.e.3(L,¢) € Cond : [l € L, or Ky
0
e alocalinvariant,i.e. 3 (l1,t1,¢,l2,12) € Loclnv : [ € {l1,12}, /,;

then there is a location I’ simultaneous to /,i.e.l ~ I’, which is the location of

e aninstance head, i.e. !’ is minimal wrt. <, or
e amessage, i.e.

- (ll,E,lz) c I\/Isg e {ll,lz}.

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).

YES ;

17/66
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Live Sequence Charts — Semantics
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TBA-based Semantics of LSCs N
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CD,SM © € OCL CD,SD s
4 (74 v W,
S =(7,6,V, atr), SM expr <, 8D
v v X
M= (2%,Ay,—sm) v B = (Qsp,q0,As,—sp, Fsp)
4 ) 4
v
(conso,Sndo)
m = (00,€0) (01,€1) - wr = ((0y, cons;, Sndi))iE]N
v "’ X
G=(N,E,f)
v/
Plan: oD

(i) Givenan LSC .Z with body
((L,=,~),Z,Msg, Cond, Loclnv, ©),

(ii) constructa TBA B, and
(iii) define language £(.Z) of .Z in terms of L(B),

in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model.

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

19/66



-18 - 2017-01-24 - main -

Live Sequence Charts — TBA Construction
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Formal LSC Semantics: It’s in the Cuts!

utfire -

-18 - 2017-01-24 - Slscc

Definition.
Let ((L,=<,~),Z, Msg,Cond, Loclnv, ®) be an LSC body.

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

o itisdownward closed,ie.VI,l'el' c CANI <l = [ C,
e itis closed under simultaneity, i.e.

Vil'el' cCANl~I = 1€C,and
e it comprises at least one location per instance line, i.e.

Vieldle(Cei =1.

21/66



Formal LSC Semantics: It’s in the Cuts!

utfire -
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Definition.
Let ((L,=<,~),Z, Msg,Cond, Loclnv, ®) be an LSC body.

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

o itisdownward closed,ie.VI,l'el' c CANI <l = [ C,
e itis closed under simultaneity, i.e.
Vil'el' cCANl~I = 1€C,and
e it comprises at least one location per instance line, i.e.
VieldleCeoy =u.

The temperature function is extended to cuts as follows:

o(C) = hot ,if3lecCe(Al'cCel=<1')AO(l)=hot
~ |cold ,otherwise

thatis, C'is hot if and only if at least one of its maximal elements is hot.
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Cut Examples
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) # C C L - downward closed - simultaneity closed — at least one loc. per instance line
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Cut Examples
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Cut Examples
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() # C C L - downward closed - simultaneity closed — at least one loc. per instance line

o Gg

o
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Cut Examples
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() # C C L - downward closed - simultaneity closed — at least one loc. per instance line

e s Gy
\ ’ \ / vl
N Y 7/
[ 1 lqn
|
|
o |
17
|‘ |
< |
|
|
|
|
|
K . |
l\ 7 /’+\\
\\ ’/ 1 \
l2,2 =
N 4
1 l3,1
|
/, \\ /’ \\
1 AY 1 AY
1 |-t + 1
\ 7 \ 1
Y d A 7
t 2 t7lo 3
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Cut Examples
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() # C C L - downward closed - simultaneity closed — at least one loc. per instance line
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Cut Examples
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() # C C L - 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 “<" and the simultaneity relation “~" of locations
induce a direct successor relation on cuts of an LSC body as follows:

Definition.
Let C' C L bet acut of LSCbody ((L, <, ~),Z, Msg, Cond, Loclnv, ©).

Aset() # F C L of locations is called fired-set F' of cut C' if and only if

e CNF =0and C U Fisacut,ie. Fis closed under simultaneity,

e all locations in F' are direct <-successors of the front of C, i.e.
VieFIl eCel' <INRI" eCel <" <),

e locations in F, that lie on the same instance line, are pairwise unordered, i.e.
Vil e Fe(IIeZe{l,I'}CI) = I AUANU A1,

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

V(I,E,l'Ye Msgel' ¢ F — | € C.

The cut C’ = C' U Fis called direct successor of C via F', denoted by C ~~ C”.
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Successor Cut Example
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CNF =(-C U Fisacut-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 =(-C U Fisacut-only direct <-successors — same instance line on front pairwise unordered -
sending of asynchronous reception already in

,“'Gl 762 ,"’G?x
I\\ ’I' ‘\\ /II I\\ | /I
17110 17 12,0 I l30
I
,/’ .\\\ |
\\_ ”l 1 ‘_\ |
1,1 : hN |
¢ b N
N\ é l?/,l [
T |
I
I
s |
l\ \ll\l-/ /‘+\\
~ 7’ 1 \
o |
“t- l3,1
I
I/’ \\\ G I,’ \\\
1 |-t 1
\ 7 \ 7
A AT 1l
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Language of LSC Body: Example

str -
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Language of LSC Body: Example

-18 - 2017-01-24 - Stbaconstr -

25/66



Language of LSC Body: Example
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St

-
L
\
N
N\_—/
N
w

R
|

The TBA B of LSC .Z over ® and € is (Expri(X), X, Q, ¢ini, —, QF) with

e (Qisthe set of cuts of .Z, g;,; is the instance heads cut,

o Exprig(X) = Exzpr (&, X) (for considered signature .#),

e — consists of loops, progress transitions (by ~» ), 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.
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Signal and Attribute Expressions

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

o The signal and attribute expressions Expr o (&, X)) are defined by the grammmar:

pu=true | | Eyy | By | = | ¢ Ve,

where expr : Bool € FExpr ., E € &, x,y € X (or keyword env).

e We use

!

& (X):={E,,, E.,|E€& z,yc X}

to denote the set of event expressions over & and X.
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TBA Construction Principle
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Recall: The TBA B(.Z) of LSC .Z is (Expriz(X), X, Q, qini, —, Q) with

o (@ isthe set of cuts of &, g;,; is the instance heads cut,

o Exprg =@ U &72(X),

e — consists of loops, progress transitions (from ~ i), and legal exits (cold cond./local inv.),
e F={C e Q| O(C)=coldV C = L} is the set of cold cuts.
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TBA Construction Principle

-18 - 2017-01-24 - Stbaconstr -

Recall: The TBA B(.Z) of LSC .Z is (Expriz(X), X, Q, qini, —, Q) with

o (@ isthe set of cuts of &, g;,; is the instance heads cut,
o Exprg =@ U &72(X),

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

e F={C e Q| O(C)=coldV C = L} is the set of cold cuts.

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

—={(q, ,q) | ¢ € QY U {(q, ,d) | a~ra'}uU{(e

L) qeQ}
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TBA Construction Principle

tr -
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Recall: The TBA B(.Z) of LSC .Z is (Expriz(X), X, Q, qini, —, Q) with

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

Exzprg = ® U &2(X),

— consists of loops, progress transitions (from ~~ ), and legal exits (cold cond./local inv.),
F={CeQ]|O(C)=coldV C = L} is the set of cold cuts.

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

—={(q: Y1oop (@), 2) | ¢ € QY U {(q, Yprog(a,d")sd") | ¢ ~F '} U{(q, Vewit(q), L) | ¢ € Q}
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TBA Construction Principle

-18 - 2017-01-24 - Stbaconstr -

Recall: The TBA B(.Z) of LSC .Z is (Expriz(X), X, Q, qini, —, Q) with

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

Exzprg = ® U &2(X),

— consists of loops, progress transitions (from ~~ ), and legal exits (cold cond./local inv.),
F={C e€Q|O(C)=coldV C = L} is the set of cold cuts.

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

—={(q, Y10op(2):2) | § € QY U {(q, ¥prog(a:4"),d") | a ~F ¢’} U{(q, ¥ewit(q), L) | g € Q}

Vioop(@): “what B o G
allows us to stay at !
- cut q” .* :
wexit(Q)-' / —_———- :
“what allows us to " (q,q"): L v=0 |
" _ prog\4d, q ): -———- C
legally exit”™~~—| « 7 “characterisation of "%%T’{
firedset F,,” :
|
O |
D __ | |

true CCQ }:’/’/i/E//?
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TBA Construction Principle

“Only” construct the transitions’ labels:

—={(q; Y1oop (@), 2) | ¢ € QY U {(q, Yprog(a,d"):d") | ¢ ~F '} U {(q, Yewit(q), L) | ¢ € Q}

=t (a)

7\

Yioop (@) = V"B (@) A o™ (0) APESE™ (q)

wem‘t(Q) =
(Vieop (0) A ~ega™ (a) -
v vlgign (¢;229<Q7 qi)

Loclnv,
A (ea (@ a)V~Yega (4, 40)))

: Cq 1 Co : C3

_____

Vprog (45 qn) = =¥ ooy (2:4n)

7\

~

M Cond Loclnv,
(2 Sg(Qa Qn) A wh:tn (CI7 Qn) A ¢h§tc ™ .(CI7 Qn)
Locl
AP (@, an) A begq™ (4, qn)

tr -

-18 - 2017-01-24 - Stbacons
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Loop Condition

tr -
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Vioop (@) = PV (q) A Y™ (q) A 3™ (q)

° stg(Q) = \/1§@'§n wMSg(anz’) A (Stht — /\weMsg(L) _'w)

\ . 7

=:Ystrict(7)
Loclnv —
e ¢9 ((Z) - AE:(Z,L,(b,Z’,L’)ELocInv, ©(£)=0, £ activeat g ¢

A location [ is called front location of cut C ifand only if A1’ € Lel < I’.

Local invariant (1o, to, ¢, 11, t1) is active at cut (!) ¢
if and only if o <1 < I for some front location [ of cutgorl; € g A1y = e.

o Msg(F) = {E;l,ml, | (I, B,I') € Msg, |l € F} U {E;l,ml, | (I, E,l") € Msg, I’ € F}
e x; € X is the logical variable associated with
the instance line I which includes /,i.e.l € I. L C) . Oy . Cs
[
I
af] ]
D__ |
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Progress Condition

str -
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Loclnv,
ooy (4, ai) = VM8(q, qn) A V(g an) A b * (gn)

Ms ) —
o P(q, i) = Nyemsg(q;\q) ¥ N Njzi /\wel\/lsg(qj\q)\'\/'sg(qu\q) Y

A (strict = Apemsg(r)\Msg(Fs) ")

\ 7
~~

=:Ystrict (4,94
o 5 (q, q:) = Ny =(L.¢)eCond, ©(4)=0, LA(q;\q) 0 P

Loclnv,e L
© % (q7 Qi) - AA:(Z,L,(b,l’,L’)ELocInv, ©(\)=0, \ e-active at g¢; ¢
Local invariant (1o, to, ¢, 11, 1) is e-active at ¢ if and only if

o lop <1l <1Iy,0r

I =1 —

° o /N\top = e,0r Cy : Oy Cs

o l=0l1 Nty =e |

I

for some front location [ of cut (!) q. R e :

. v=20 \/ :

_____ B C’

"{> 3> |

|

|

D__ | |
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true

qi
-
\
(ar

N

>

& &

w0
5 5 2 3 Kigyd
o AL o ~ Q C
G _/\@:" |||||| .ﬁla “
IR ,/\/\; ww (O]
- ¢
e E O ﬂ.a [
L 7
Y : g ? &<
12 = s o —
= 5 , e o0 2
S £
(7, ) —
Uvm NS

3166

(from left to right).
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Course Map

CD,SM o € OCL CD, SD ’ % |
v .

(7,¢,V, atr), expr <, SD

fi}a o 2

= (32,A9,—sum) B = (Qsp,q0, A, —sp, Fsp)

sz,:
(consg, Sndo)

m = (0'0,80) > 0-1 51 ‘f\/') Wr = O-’L Consl Snd ))ZEIN

"1/\/{\1 X

G=(NE,[)

v

OD
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Tell Them What You’ve Told Them. . .

-18 - 2017-01-24 - Sttwytt18 -

e Interactions can be reflective descriptions of behaviour, i.e.

e describe what behaviour is (un)desired,
without (yet) defining how to realise it.

e One visual formalism for interactions: Live Sequence Charts

e locations in diagram induce a partial order,
e instantaneous and aynchronous messages,

e conditions and local invariants

e The meaning of an LSC is defined using TBAs.

e Cuts become states of the automaton.
e Locations induce a partial order on cuts.

e Automaton-transitions and annotations
correspond to a successor relation on cuts.

e Annotations use signal / attribute expressions.

e Later:

e TBA have Buchi acceptance (of infinite words (of a model)).
e Full LSC semantics.
e Pre-Charts.
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Excursion: Biichi Automata
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From Finite Automata to Symbolic Biichi Automata

-18 - 2017-01-24 - Stba -

> = {0 1} B: O > = {0,1}
Biichi
infinite words
symbolic
symbolic
Asym: = ({z} - IN) Bsym: Y={z} - IN)

even( Biichi even(x)
Y o

odd (z) infinite words 0dd ()
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Symbolic Biichi Automata
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Definition. A Symbolic Biichi Automaton (TBA) is a tuple

B = (Exprz(X), X, Q, qini, —, QF)

where

X is a set of logical variables,

Ezxprz(X) is a set of Boolean expressions over X,
Q is a finite set of states,

qini € @ is the initial state,

— C Q x Ezprg(X) x @ is the transition relation. Transitions (g, 1, ¢") from ¢ to ¢’
are labelled with an expression ¢ € Ezprz(X).

Qr C Q is the set of fair (or accepting) states.
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Word
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Definition. Let X be a set of logical variables and let Fxpr; (X ) be a set of Boolean
expressions over X.

Aset (X, - . -)is called an alphabet for Fxpr;(X) if and only if

foreacho € X,
for each expression expr € FExpry, and

for each valuation 8 : X — 2(X) of logical variables,

either o =g expr or o |£s expr.

(o satisfies (or does not satisfy) expr under valuation j3)

An infinite sequence

over (X, - =. ) is called word (for Exzprz(X)).
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Run of TBA over Word
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Definition. Let B = (Fxprgz(X), X, Q, ¢ini, —, QFr) be a TBA and
w=01,02,03,...

a word for Expr;(X). An infinite sequence

0=4o0,q1,42,-.- € Q"
is called run of B over w under valuation 8 : X — Z(X) if and only if
¢ 40 = Gins»
e foreach: € INg there is a transition

(Q’i7 w% Q’i-l-l) c—
such that o; |:,3 Y;.
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Run of TBA over Word
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Definition. Let B = (Fxprgz(X), X, Q, ¢ini, —, QFr) be a TBA and
w=01,02,03,...

a word for Expr;(X). An infinite sequence

0=4o0,q1,42,-.- € Q"
is called run of B over w under valuation 8 : X — Z(X) if and only if
¢ 40 = Gins»
e foreach: € INg there is a transition

(Q’i7 w% Q’i-l-l) c—
such that o; |:,3 Y;.

Bsym. — ({z} = IN)

e@en(:c) even(m)

Example:

odd(x) odd(a:)
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The Language of a TBA
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Definition.
We say TBA B = (Exzprz(X), X, Q, ¢ini, —, Q) accepts the word

w = (04)ien, € (Fzprz — B)*

if and only if B has arun
0 = (gi)ieNg
over w such that fair (or accepting) states are visited infinitely often by p,
i.e., such that
Vie Nodj >1:q; € QF.

We call the set L(B) C (Ezpriz — B)“ of words that are accepted by B the
language of 5.
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The Language of a TBA

-18 - 2017-01-24 - Stba -

Definition.
We say TBA B = (Exzprz(X), X, Q, ¢ini, —, Q) accepts the word

w = (04)ien, € (Fzprz — B)*

if and only if B has arun
0 = (gi)ieNg
over w such that fair (or accepting) states are visited infinitely often by p,
i.e., such that
Vie Nodj >1:q; € QF.

We call the set L(B) C (Ezpriz — B)“ of words that are accepted by B the
language of 5.

Bsym' = ({z} = IN)
e@en(:c) even(m)

Example:

odd(x) odd(a:) 39,66



Language of UML Model
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The Language of a Model

-18 - 2017-01-24 - Smodellang -

Recall: AUML model M = (¥ 9, %4 , 0 %) and a structure & denote a set [ M] of (initial and
consecutive) computations of the form

a a a

(0‘0,80) —O> (0‘1,81) —1> (0'2,82) —2> . where

a; = (cons;, Snd;, u;) € 279 x 2Z(E) VT Nx2(E) o g()

7

~~

=:A
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The Language of a Model

- 18 - 2017-01-24 - Smodellang -

Recall: AUML model M = (¥ 9, %4 , 0 %) and a structure & denote a set [ M] of (initial and
consecutive) computations of the form

a a a

(0'0,80) —O> (0'1,81) —1> (0'2,82) —2> . where

a; = (consi, Snd;, u;) € 278 x 2(Z(E) VLt Hx2(€) o g ().

7

~~

=:A

For the connection between models and interactions, we disregard the configuration of the
ether, and define as follows:

Definition. Let M = (¢ 2, .74 ,0 %) be a UML model and Z a structure. Then
LM) = {(04,us, cons;, Snd;) ey, € (E?p x A)¥ |

(consg,Sndg)

3 (€i)ieng : (00,€0) > (01,€1) - € [M]}

is the language of M.
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Example: Language of a Model
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LM) = {(0i,us, cons;, Snd;); e, |13 (€:)ien, : (00,€0)

(consg,Sndg)

> (01,€1) - € [M]}

CD:

itsCo

Co : 00’ iteC
0,1 _ itsCs 0- . Lo Oy | iteCs .
1 itsCq k: Int o1 03 c1:Ch s T — o7 %
0,1
(cons,Snd) (consg,Sndg) (cons1,{(:E,c2)}) (
(0',8) > "'—>(O'(),€()) > (0'1,81) > (0'2,82)
U uQ c1
(con33,{(:F,03)}) (Con34a{(G()>Cl)}) ({F},Snd5)
(0‘3,83) > (0'4,64) ? (0'5,65) > (0‘6,86) — -
Cc2 Cc2 Cc3

{:E},Sndg)\

42/66



Words over Signature

- 18 - 2017-01-24 - Smodellang -

Definition. Let .¥ = (7, %, V, atr, &) be a signature and Z a structure of ..
A word over . and Z is an infinite sequence

(01, wi, consi, Sndi); e, € 22 x D(€) x 27(F) x 2Z(E) U +Hx2(9)

e The language £(M) of aUML model M = (¢ 9, S# , 0 D)
is a word over the signature . (4’%) induced by ¥ % and 2,
given structure 2.
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Satisfaction of Signal and Attribute Expressions

-18 - 2017-01-24 - Smodellang -

o Let(o,u,cons,Snd) € E?ﬂ x A be atuple
consisting of system state, object identity, consume set, and send set.

o Let5: X — Z(%) be avaluation of the logical variables.

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

o (o,u,cons,Snd) =g ¢ ifandonly if I[¢](c,8) =1

o (o,u, cons,Snd) =5 — if and only if not (o, cons, Snd) =5 ¢

o (o,u,cons,Snd) =g Y1 V2 ifandonly if (o, u, cons, Snd) =g 11 or (0, u, cons, Snd) =g 2

e (o,u,cons, Snd E. . ifandonlyif 3(z) =uAJe € 2(E) e (e,B(y)) € Snd
B Hx,y

e (o,u, cons, Snd E! ifandonlyif 3(y) = u A cons C 2(E
B Hax,y
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Satisfaction of Signal and Attribute Expressions

-18 - 2017-01-24 - Smodellang -

o Let(o,u,cons,Snd) € E?ﬂ x A be atuple
consisting of system state, object identity, consume set, and send set.

o Let5: X — Z(%) be avaluation of the logical variables.

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

o (o,u,cons,Snd) =g ¢ ifandonly if I[¢](c,8) =1

o (o,u, cons,Snd) =5 — if and only if not (o, cons, Snd) =5 ¢

o (o,u,cons,Snd) =g Y1 V2 ifandonly if (o, u, cons, Snd) =g 11 or (0, u, cons, Snd) =g 2

e (o,u,cons,Snd) =5 E;y ifandonly if 5(z) =uAJe € Z(F) e (e,5(y)) € Snd

o (0,u,cons, Snd) =g E, , ifandonly if B(y) = u A cons C Z(E)

Observation: we don't use all information from the computation path.

We could, e.g., also keep track of event identities between send and receive.
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Example: Model Language and Signal / Attribute Expresions
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CD: itsC —
2 . 0-0: itCCl . .
0.1 itsC's co : Co itcC's
, ’ k: Int :C — c3: C
Ch 1tsCq n 0,1 Cs ! ! iteCa k=27 -
0,1
(cons, Snd) (consg,Sndg) (cons1,{(:E,c2)}) ({:E},Snd2)
(0,€) -+ = (00,¢€0) > (01,€1) > (02,€2) ’
0] C1 C2
(CO’I’LSB,{(ZF,C?,)}) (CO’I’LS4,{(G(),01)}) ({ZF},Snd5)
(03,€3) - > (04,€4) - » (05,€5) - (06,€6) — -+
2

o b={x—ci,y— c2,z2+—c3}

e (00, u0, conso, Sndo) Ep y.k >0
e (00, uo, conso, Sndo) = ©.k >0
o (01,c1,cons1, {(: E,c2)}) =p Eqy
o (01,c1,cons1,{(: E,c2)}) =5 Fo!:,y

° IZBE;y

o Weset (04,2, consa, {G(),c1}) Ep Gy.o! N Gy .7 (triggered operation or method call).
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TBA over Signature
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Definition. A TBA

B = (Exprz(X), X, Q, qini, —, QF)

where Exprz(X) is the set of signal and attribute expressions Expr .. (&, X)
over signature . is called TBA over .7.
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TBA Construction Principle
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Recall: The TBA B(.Z) of LSC .Z is (Expriz(X), X, Q, qini, —, Q) with

Exzprg = ® U &2(X),

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

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

—={(q, Y10op(2):2) | § € QY U {(q, ¥prog(a:4"),d") | a ~F ¢’} U{(q, ¥ewit(q), L) | g € Q}

wexit(Q)-' /

“what allows us to

legally exit”—~—~—_

allo

N

Yioop (q): “what

ws us to stay at

- cut q”

Vprog (¢, )
characterisation of

firedset F,,”

— consists of loops, progress transitions (from ~~ ), and legal exits (cold cond./local inv.),
F={C e€Q|O(C)=coldV C = L} is the set of cold cuts.

: Cq : Ca :C3

~— =N
v =
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Course Map

CD,SM o € OCL CD, SD ’ % |
v .

(7,¢,V, atr), expr <, SD

-Aj‘i}x o oot

= (32,A9,—sum) B = (Qsp,q0, A, —sp, Fsp)

1{
(consg, Sndo)

m = (0'0,80) > 0-1 51 4\/') Wr = O-’L Consl Snd ))ZEIN
% v
G = (N7 E7 f)
v
OD

4866



-18 - 2017-01-24 - main -

Live Sequence Charts — Semantics Cont’d
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Full LSCs

-18 - 2017-01-24 - Slscsem -

AfullLSC Z = (((L,=X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © ) consists of
e body ((L,=<,~),Z,Msg, Cond, Loclnv, ©®),

e activation condition aco € Expr o,

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

e activation mode am € {initial, invariant},

e chart mode existential (© ¢» = cold) or universal (© ¢+ = hot).
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Full LSCs

-18 - 2017-01-24 - Slscsem -

AfullLSC Z = (((L,=X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © ) consists of
e body ((L,=<,~),Z,Msg, Cond, Loclnv, ©®),

e activation condition aco € Expr o,

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

e activation mode am € {initial, invariant},

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

Concrete syntax:

LSC. £

AC: aco

AM: initial I permissive

_________ |

|
| . Cl . Cg . 03 :
| I |
| | |
| | |
! F I [
S e o
I \_¢_ /> : :
| .
| F I |
| ] '
| |
: G |
' |
| |
| |
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Full LSCs

-18 - 2017-01-24 - Slscsem -

AfullLSC Z = (((L,=X,~),Z,Msg, Cond, Loclnv, ©), aco, am, © ) consists of
e body ((L,=<,~),Z,Msg, Cond, Loclnv, ©),
e activation condition aco € Expr o,

o strictness flag strict (if false, £ is called permissive) R pemisse |
o activation mode am € {initial, invariant}, o Je 16 ]
e chart mode existential (© ¢» = cold) or universal (© ¢» = hot). i - s i i
l ey o
| I }
| |
A set of words W C (Exprz — B)“ is accepted by . if and only if
X am = initial am = invariant
~ Jw € Wew = ac A —1esit (Co) Jw e W3k € Ng e wP = ac A —1ezis (Co)
3 A w0 = Pprog (0, Co) Aw/1 € LB(L)) AWE = Yprog (0, Co) Aw/k +1 € LIB(L))
- Vw e Wewd = ac A =)ozt (Co) Vw € WVYE ENgewr = ac A 1erit (Co)
2 — W0 = Yprog (0, Co) Aw/1 € LIB(L)) — w® E YD, Co) Aw/k+1 € L(B(L))

where Cj is the minimal (or instance heads) cut.

50y66



Full LSC Semantics: Example
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E, !
E.y? A ¢
:initial . permissive
| @D .-
| - Ch 1 Oy - Cs | |
: : | Fy,z
|
i . | | A(Fy2?V Gyal V Gy a?)
T i I
| oY | | Fy.? A =Gyl AGy.?
. i |
[ ' |
i \F_i | ?/\Fy,z ~Gya! A Gya?
| |
: - G : : ya! NGya?
: I I : :
I o ]
(cons,Snd) (consg,Sndg) (cons1,{(:E,c2)}) ({:E},Snd2)
(0',8) s "'—>(O'(),€()) > (0'1,81) s (0'2, 2) s
U uQ c1 C2
(CO’n,Sg,{(:F,Cg)}) (CO%S4,{(G(),01)}) ({F},Snd5)
(0'3,83) > (0’4,84) > (0’5,85) > (0'6,56) —
Cc2 c2 Cc3
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Note: Activation Condition
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LSC:

AC:
AM:
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Existential LSC Example: Buy A Softdrink

-18 - 2017-01-24 - Sswilsc -

LSC:  buy softdrink

AC: true

AM:  invariant |: permissive
|
| User Vend. Ma.
|
| El
| -
|
| pSOFT
| -
|
|
| - SOFT
|
|

HEE =

~ LIGOLDENBURG

L\_
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(EIEED

9¥NaN1a10

get change

true

LSC:
AC:

permissive

invariant |I:

AM:

Existential LSC Example: Get Change

Vend. Ma.
P
P
|

C'50
E1
pSOFT
SOFT
chg-C50

////4////4 AN
N\ N N\ N\ N N\ NN N NN NN\

User
V
V
V
V
v
V
V
v
V
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TBA-based Semantics of LSCs N
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CD,SM © € OCL CD,SD s
4 (74 v W,
S =(7,6,V, atr), SM expr <, 8D
v v X
M= (2%,Ay,—sm) v B = (Qsp,q0,As,—sp, Fsp)
4 ) 4
v
(conso,Sndo)
m = (00,€0) (01,€1) - wr = ((0y, cons;, Sndi))iE]N
v "’ X
G=(N,E,f)
v/
Plan: oD

(i) Givenan LSC .Z with body
((L,=,~),Z,Msg, Cond, Loclnv, ©),

(ii) constructa TBA B, and
(iii) define language £(.Z) of .Z in terms of L(B),

in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model.

o Then M = Z (universal) if and only if L(M) C L(.Z).
And M = Z (existential) if and only if L(M) N L(Z) # 0.
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Live Sequence Charts — Precharts
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Pre_ Cha rtS LSC:  buy water

AC: true
AM: invariant [

-18 - 2017-01-24 - Sprechart -

strict

__________________________

/ User

CoinValidator

cp :ChoicePanel

Dispenser

/ /

I
/ %I
: =]

N\\

p WA: TER
|

]

|
|
|
|
|
A

cp -> water_in_stock

ANNNMNANNNANN

AfullLSC .Z = (PC, MC, aco, am, 0 &)

pre-chart PC = ((Lp,=p,~p),Zp,.",Msgp,Condp, Locinvp, © p) (possibly empty),

main-chart MC' = ((Lps, s ~m)s Zag, - Msga, Cond g, Loclnvys, © 37) (non-empty),

activation condition acq : Bool € Ezpr o,
strictness flag strict (otherwise called permissive)
activation mode am € {initial, invariant},

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

consist of
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Pre-Charts Semantics rsc

buy water
AC: true
AM:  invariant [

-18 - 2017-01-24 - Sprechart -

strict

/ User

CoinValidator

cp :ChoicePanel Dispenser \

/ /

I
/ /%J
: =]

N\\

]

|

|

| |
PWATER :
| A

\ cp -> water_in_stock

|
|
|
|
| /
|
|
|
|
|

ANNNMNANNNANN

am = initial

am = invariant

O 4 = cold

dweWdm &€ INg e
AP F a6 A et (CL) Atbprog (8, CF)
Awh, . w™ e L(B(PC))
A w™H | i (CA)
A WL = 100 (0, CAT)
ANw/m—+2 € L(B(MC))

dJweWdk<me&NNge
Aw" = aC/\_'wexit(O(f)/\wpmg(@’ O(])D)
AwFTE o w™ e L(B(PC))
A w™ = —theai (Co' )
A W™ g (0, Cp)
Nw/m+2¢e LB(MC))

O« = hot

Yw e WVm e INg e
A w” = aC/\_‘wexit(CéD)/\wpmg(@»CéD)
Awh, .. w™ € L(B(PC))
Aw™ T = e (CFF)
= W™ = g (0, C3T)
Nw/m+2¢e LB(MC))

VweWVEk<melNge
A = ae A et (CF) Abprog (8, CF)
AwFTL L w™ e L(B(PC))
A w™ = e (Co)
— W = prog (0, Co)
ANw/m+2¢e L(B(MC))
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Universal LSC: Example
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LSC:  buy water
AC: true

AM: invariant |:  strict

—_— - — e e =

HEE =

~ LI OLDENBURG

L\_

/ User

CoinValidator

cp :ChoicePanel

Dispenser

/ /
/ 50

\\\

|
PWATER
|

\/

I
|
|
I
|
A

\\ < cp -> water_in_stock
\

ek
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Universal LSC: Example
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D w
P E
—_—
oo
=
[—r21]
=
—
= =
} |
LSC: buy water k J
AC: truz.’l : —
AM: invariant |:  strict

~(C50! v E1!V pSOFT!
V pTEA!V pFILLUP!

\\ < cp -> water_in_stock >
\

ek
o
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Universal LSC: Example
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LSC:  buy water
AC: true

AM: invariant |:  strict

HEE =

~ LIGOLDENBURG

\\ < cp -> water_in_stock >
\

~(C50! v E1!V pSOFT!
V pTEA!V pFILLUP!

ek

~(dSoft! v dTEA!)>

L\_
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Forbidden Scenario Example: Don’t Give Two Drinl

chart -
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Forbidden Scenario Example: Don’t Give Two Drinl -

chart -

-18 - 2017-01-24 - Spre

2 @m
=
= =
LSC:  only one drink =2 =
AC: truey > =
AM: invariant I|: permissive
/ — W
/ \
/ User Vend. Ma. \\ k. 2 i
// 1 Fl \
™ \
/ g2
/ e \\
/ y
) 1 pSOFT _ \
\ ¥ /
\ /: //
\
\ ;:4 SOFT " S— /
\ s I<ﬁ C501 A ~E11>
\ ;,4 SOFT o 7
\ pe /
\

C false >

W)
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Note: Sequence Diagrams and (Acceptance) Test

k%:(:: get change IA%:C: only one drink
: true : true
AM:  invariant I: permissive AM:  invariant I permissive
N T\
I
User | | Vend. Ma. I User | | Vend. Ma.
I
buy softdrink C50 - I E1l -
true |
invariant |:  permissive !
— El : pSOFT |
User | | Vend. Ma. : o | o
|
E1 _ | pSOFT | . SOFT /
| I
| ! ~C50' A\ —E1!
pSOFT : SOFT | SOFT i
| : L
SOFT | o Chg-C50 | false
o L | 7 | | 7 i

-18 - 2017-01-24 - Sprechart -

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

(x: as well as (positive) scenarios in general, like use-cases)
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Note: Sequence Diagrams and (Acceptance) Test

-18 - 2017-01-24 - Sprechart -

IASCC lgfztgchange IA%:C ?rrl}ley one drink
AM:  invariant I: permissive . AM:  invariant I permissive L
User | | Vend. Ma. : User | | Vend. Ma. Y
buy softdrink cs0 | El _ Y
true | \
invariant |:  permissive I \
| E1l : pSOFT - \\
User | | Vend. Ma. : o | o )
El . | pSOFT i . SOFT //
|
pSOFT | SOFT i SOFT
- | /
| I L
SOFT | o Chg-C50 | false
I L N I N R | 2 i
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 !
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Note: Sequence Diagrams and (Acceptance) Test

-18 - 2017-01-24 - Sprechart -

LSC: getchange LSC:  only one drink
AC.  frue AC:.  true
AM:  invariant I: permissive L AM:  invariant I permissive
N —
I
: User | | Vend. Ma. | J User | | Vend. Ma. Y
I ! /
[SC.  buy softdrink | C50 | / El | N
AC: true | = | / > \
AM:  invariant |:  permissive e I : // \
| I : £l - | / pSOFT - \\
| User | | Vend. Ma. : | | \ )
! I \ /
! El N | I pSOFT | \ _____SOFT /
| | /
| ! | | !
I \ -C50' N —E1!
l pSOFT | . | SOFT | \ . SOFT I,-
| | [ | \ /)
I I
| SOFT | ! . chg-C50 | false
| - |
o ___ L I I/ | 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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TBA-based Semantics of LSCs N

-18 - 2017-01-24 - Slscpresem -

CD,SM © € OCL CD,SD s
4 (74 v W,
S =(7,6,V, atr), SM expr <, 8D
v v X
M= (2%,Ay,—sm) v B = (Qsp,q0,As,—sp, Fsp)
4 ) 4
v
(conso,Sndo)
m = (00,€0) (01,€1) - wr = ((0y, cons;, Sndi))iE]N
v "’ X
G=(N,E,f)
v/
Plan: oD

(i) Givenan LSC .Z with body
((L,=,~),Z,Msg, Cond, Loclnv, ©),

(ii) constructa TBA B, and
(iii) define language £(.Z) of .Z in terms of L(B),

in particular taking activation condition and activation mode into account.
(iv) define language £(M) of a UML model.

o Then M = Z (universal) if and only if L(M) C L(.Z).
And M = Z (existential) if and only if L(M) N L(Z) # 0.
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Course Map

CD,SM o € OCL CD, SD ’ % |
v .

(7,¢,V, atr), expr <, SD

fi}a o 2

= (32,A9,—sum) B = (Qsp,q0, A, —sp, Fsp)

sz,:
(consg, Sndo)

m = (0'0,80) > 0-1 51 ‘f\/') Wr = O-’L Consl Snd ))ZEIN

"1/\/{\1 X

G=(NE,[)

v

OD
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Tell Them What You’ve Told Them. . .

-18 - 2017-01-24 - Sttwytt19 -

Blichi automata accept infinite words

e if there exists is 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

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

Universion: all words (of the model) are accepted.

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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