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The Task

Software Design, Modelling and Analysis in UML
Lecture 04: OCL Semantics

2014-10-30

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitit Freiburg, Germany

Tl))

o Given an OCL expression expr, a system state o € $%, and a valuation of logical
variables 3, define

N~ -~ o <
such that TN ro R
I[expr](o,8) € {true, false, L gooi}. .WMV\

I ) 2 OCLEpressions(#) x £ x (W = I(Z UTp UT¢)) = I(Bool)
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Contents & Goals

Last Lecture:
* OCL Syntax

T
o Educational Objectives: Capabilities for following tasks/questions.
o What does it mean that an OCL expression is satisfiable?
© When is a set of OCL constraints said to be consistent?
« Can you think of an object diagram which violates this OCL constraint?

PR#._K

Lecture:

« Content:
» OCL Semantics
» maybe: OCL consistency and satisfiability
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Basically business as usual...

e. define function

(i) Equip each OCL (!) basic type with a reasonable domain,
Iywith dom(f} = Ty =5 t, e, Shing3

ey Ty(8al) =i, fibe, 1o, ]
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@

OCL Semantics [OMG, 2006]

Basically business as usual...

. define function

(i) Equip each OCL (!) basic type with a reasonable domain,
Jwith dom(f), = T

. define function

(ii) Equip each object type ¢ with a reasonable domai
Lith dom(f)=7c
(most reasonable: 7/(C’) determined by structure % of .#).
(ii) Equip each set type Set(r) with reasonable domain, i.e. define function

Jypith dom(y= {Set(ro) | 70 € T UTis)

() Equip each ari ical operation with a ble interpretation
(that is, with a function operating on the corresponding domains).

Lyith dom(f) = {#.—.<....}, e, L(+) € I(Int) x I(Int)  I(Int)

et + oy bt sc bt —
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Basically business as usual...

(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
I with dom(I) = Ty

(ii) Equip each object type ¢ with a reasonable domain, i.e. define function
1 with dom(I) = 7¢

(most reasonable: (') determined by structure 7 of .#).
Equip each set type Set(r) with reasonable domain, i.e. define function

I with dom(I) = {Set(ro) | 70 € Tz UT4}

(iv) Equip each arithmetical operation with a reasonable interpretation
(that is, with a function operating on the corresponding domains).

T with dom(I) = {+,—,<,...}, eg., I(+) € I(Int) x I(Int) — I(Int)

(v) Set operations similar: I with dom(I) = {isEmpty....}
(vi) Equip each ion with a i pi
I: Bipr x £2 x (W — I(7 UTp UTg)) — I(Bool)

.e. define function
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...except for OCL being a three-valued logic, and the “iterate” expression. .

(iv) Interpretation of Arithmetic Operations

o Literals map to fixed values: Zal8at) Tbt) =281}
[

v
[ftrue) o= dase, I(false) = false,  1(0):=0, I(1):=1.
Sl Tyh)  [(OcdUndefinedy) = Lo

04
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(i) Domains of Basic Types o 0cL
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Recall:
o T = {Bool, Int, String} p botly stis

diseint
We set: \ P read holto”
o IfBool) i= {truc, fulse} O { Lot o " wdrd”
o IfInt) == ZO{Lpu}
o I{String) = ..U { Loiing}
R Juike. sopunces of s

We may omit index 7 of L, if it is clear from context.

(iv) Interpretation of Arithmetic Operations

o Literals map to fixed values:

I(true) := true, I(false) = false,  1(0):=0, I(1):=
I(OclUndefined, ) == L,

» Boolean operations (defined point-wise for z1, 25 € I(7)):
bue i X=X mwd xybly skl xp#d,
=l i oty dael Xy E L owd KL

Tolee): TM) < Te) L Lgoy | obbetmise.
= T(Bol ) <t e, 13

—oa-
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(ii) Domains of Object and (iii) Set Types

« Now we need a structure & of our signature .’ = (7,6, V, atr).
nite) domain Z(C) to each class C € .

o Recall: Z assigns an

e Let 7¢ be an (OCL) object type for a class C' € €.

o We set
«_.wﬂﬁv =Dle] v m.r?w

povict of Tte)

o Let 7 be a type from T U Ty
We set m\\J
. € se ﬂ

e =1 5 Lo

Note: in the OCL standard, only subsets of 1(7).
But infinity doesn't scare us, so we simply allow it.
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(iv) Interpretation of Arithmetic Operations

« Literals map to fixed values:

I(true) := true, I(false) := false,  I1(0):=0, I(1):=
I(OclUndefined, ) := L,
« Boolean operations (defined point-wise for 21,z € I(7)):

true ,ifa1 # L, #ao and 7y =@
I(=;)(x1,22) == false , if 21 # L. # a9 and @1 # @2
LBool , Otherwise

o Integer operations (defined point-wise for z1, a5 € I(Int)):

ubx Wt = Lt w
. + X { q+L Kp# L
I(H)a1,2) = T. v *
N L | oHasenSe
TOA KT Tkt
<2ofu}




(iv) Interpretation of Arithmetic Operations

e Literals map to fixed values:
I(true) := true, I(false) := false,  I(0):=0, I(1):=1,..
I(OclUndefined, ) := L,
= Boolean operations (defined point-wise for x1,z5 € I(r)):
true if a1 # L, £ 2 and @y = 72
I(=) (w1, 22) = { false if 2y # L, # a5 and @y £ 1»
L Boot , otherwise

« Integer operations (defined point-wise for &1, 5 € I(Int)):

ﬁl: Jifa # L # s

I(+4)(@1,a2) =

L , otherwise

. - . €.
Note: There is a common principle. wlopn- ] ¢g. +(opnsy2)
Namely, the interpretation of an operation w : 7y X ... 7, — T is a function

& I(w): I(m) x -+ x I(7,) — I(7) on corresponding semantical domain(s). 82
L 2
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(v) Interpretation of Set Operations

Basically the same principle as with arithmetic operations...
Let 7€ T UTy.
o Set comprehension (z1,...,z, € I(7)):

1({¥R) @

o) = {z1,..., 20}

for all n € INg
o Empty-ness check (z € I(Set(r))):
true ifx=0
1(isEmpty™) () := § Lpoor . if &= Loeur)
false , otherwise
o Counting (x € I(Set(7))): A\

i I(si2€°)(2) = |a] if © # Lsou(ry and Lps otherwise

1026
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O+2>=13

=(z(02),8) T (o, -, oplb@8)
= (T0)( TCopd ), -,

P

I(ol=0
T2 =2

3y =13
MM _1, . Tt Tt STt )

TC 7 - Tkl Tht) > TlBac]

0 e ™ s

TE+0164) = (1) T

[
0

—

k&

(vi) Putting It All Together

(iv) Interpretation of OcllsUndefined

) .
7= Bool/
= Booly/

OCL Syntax 3 4: Iterate

= oo | xpry > 2 = eapry | espry
e renaming,

tor s sl < 7 —

where

o The is-undefined predicate (defined point-wise for z € I(7)):

:%:&:%?&L?Yu ANM ; M*MMSH
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Valuations of Logical Variables s, <)
s

© Recall: we have typed logical variables (w €) W, 7(w) is the type of w.

* By 3, we denote a valuation of the logical variables, i.e. for each w € W,

B(w) € I(T(w)).

L= Sxebt, ot
i) — T v Tl = Zovig v D)
Examples:
. pl) -2 €10) o pid=Lie
AN =1 TS =DL) PlK,) =5,




(vi) Putting It All Together...
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expr = w | w(eapry, ..., ezpr,) | alllnstances | v(eapry) | 1(ezpry)

| ra(eapry) | eapry->iterate(vy : 71 ; va : T2 = eapry | expry)

o I[w](o,B8) =AW
o I[w(eapry, ..., expr,)](o, 8) HHAH@@H{&@Q\.,.\H?%L@ h\
o I[allinstancesc] (o, 3) := dow () 1D(¢)

Note: in the OCL standard, dom(o) is assumed to be finite.
: doesn't scare us.

(vi) Putting It All Together...

expr :=w | w(expry,..., expr,) | alllnstancesc | v(expry) | ri(expr,)
| ra(eapry) | expry->iterate(vy : 7y ; vy : T2 = expr | expry)

o I[expri->iterate(vy : 71 5 vy 1 o = expry | eapry)](

;e@i?.& ;:Téﬁ_:qéus
iterate(hlp, vy, v2, expry, o, 3') , otherwise
where 3’ = B[hlp — I[expr,](a, ). v2 > I[expry](a. 3)] and
o iterate(hip, vy, va, eaprg, o, f')
[ Ieapry)(o, B'los > a]) | if B'(hlp) = {z}
T UUleaprsl (o, 87) Lif B/(hip) = X U {x} and X #0

where 8" = vy = x, v — iterate(hlp, vy, vo, expry, o, B'[hlp — X]))
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(vi) Putting It All Together...

Instancesc | v(eapr,) | ri(expr;)

eapr = w | w(eapr, ..., ezpr) |
| ra(eapry) | expry->iterate(vy : 71 ; v3 : T2 = eapry | eaprs)

Assume expry : 7¢ for some C' € €. Set uy := I[ezpr,](0, 8) € Z(7c).

z;ki
o I[o(expr)](o, B) == \a._‘;?, wa WMPM?K 7

w
(el p) = g ¢ v B U ESm @) ol olull) =14

Dor
Q.NQLQL f il vedonts)

5 I[rs 2 B) =
e el s =T L
% (Recall: o evaluates 3 of type C, to a set)
1372 3 132
(vi) Putting It All Together...
expr m=w | w(ewpry,..., expr,) | alllnstancesc: | v(expr,) | ri(expr;)
|z || emrestiaeinon = m 5 7 & 5 = am, || cmmy)
o I[expr ->iterate(vy : 71 ; v : T2 = expry | expry)](o. 8)
[ Ilewpry](0, 8) L if Iezpry] (0, 8) = 0
) iterate(hlp, v1, va, exprs, 0, '), otherwise
where 8 = lhip v I[expry](0, B).v2 — I[eapry](o. 8)] and
o iterate(hlp, vy, va, expry, o, B')
[ Ieapry)(o. 8oy > 3])  if B'(hip) = {x}
) 1eaprs)(e, 87) Lif B(hlp) = X U {x} and X #0
S where 87 = B'luy 5 02 v iterate(hlp, vr. va, copry, o, 8 [hlp > X))
m,” Quiz: Is (our) I a function? 1326

1326

%u:z:w.m._‘?r?rr. xidb T%%s iy, . P,
Doutl-A {0 fage,uf, HP ]

W=§x, olfu, shos)
o= {oun (350, 25,075, GPlitnn)}

o Tlbshbcs 36 B) =+ donle) 0 DX < s, 24, 523 DT = 1y 27,

o BpxP 0, -

Ulusbwies 5,3 92 5, 4)
T e PO < (TO)(TEa ), Tac) (1L otnB6)
el AR
ofy Aermsdm, LT re

T o, . agellsp,) = T oge (s M)
uo.?;oml = (2l (gge) = -
Y= H.N.w&how?.mm/ ukw\év uN?
opy e P T qlof,) =) bocaus 7, & ot
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