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Lecture 04: OCL Semantics
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Last Lecture:
e OCL Syntax

This Lecture:

o Educational Objectives: Capabilities for following tasks/questions.
e What does it mean that an OCL expression is satisfiable?

e When is a set of OCL constraints said to be consistent?

e Can you think of an gl_)'Le_cLQi/ag\ry which violates this OCL constraint?
e

e Content:

e OCL Semantics
e maybe: OCL consistency and satisfiability
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OCL Semantics [OMG, 2006]
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OCL Syntax 1 4: Expressions

The TaSk Where, given . = (Z,%€,V, atr),

W D {self} is a set of typed
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expr 1= logical variables, w has type 7(w)
w $7(w) T is any type from 7 UTp UT
| expr,=expr, : T X T — Bool U {Set(ro) [ 0 € T UT%}
| ocllsUndefined, (expry) :7 — Bool T’ is a set of basic types, in

the following we use
| {expry, ... expr,} :7 XX T — Set(r) T ={Bool, Int, String}
| isEmpty(expr;) : Set(1) — Bool Te ={rc | C €€} is the
_  Set(r) — Int set of object types,
| size(expr,) $ e Set (7o) denotes the
| alllnstancesc : Set(7¢) set-of-7) type for
T0 € TB U Ty
| v(expr) t1e — 7(v) (sufficient because of
| 71 (expry) :TC — TD “flattening” (cf. standard))
| 72 (expry) : 7o — Set(1p) v:7(v) € atr(C), 7(v) € I,

ri: Do € atr(C),
ro @ Dy € atr(C),
C,De?.

I('i ) .
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o Given an OCL expression expr, a system state o € £%,, and a valuation of logical
variables 3, define

I[[\y(_, )\ OCLEzpressions(.) x £2, x (W = I(%U T UTy)) — I(Bool)

such that —\\ r— T T T »’—“f‘l'&gle
I[[@i'p’r]] (0', 5) - {true, false, J—Bool}’ J.-3w/}
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Basically business as usual...
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(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
Imwith dom(@ =Tp =§ kt, 8, Sﬁ‘nag
eg- IG-)[M) = 3 e, ‘ﬁ&,_z_wf
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Basically business as usual...
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(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function

I(JWIth dom() = Tp

(ii) Equip each object type 7¢ with a reasonable domain, i.e. define function
J.with dom(_flg)z TC
(most reasonable: Z(C') determined by structure & of .%).

(iii) Equip each set type Set(7y) with reasonable domain, i.e. define function

Lyvith dom(fhy= {Set(r0) [ 7o € Ts UTw}

e T

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

W|th dom(f) = {+,— <,... }, eg., I(+) € I(Int) x I(Int) — I(Int)

P, + ol Wt & It =
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Basically business as usual...
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(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function

I with dom(I) =Tg

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

(most reasonable: Z(C') determined by structure & of .%).

(iii) Equip each set type Set(7y) with reasonable domain, i.e. define function

I with dom(I) = {Set(19) | 70 € T U T%}

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

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

(v) Set operations similar: I with dom(/) = {isEmpty,...}

(vi) Equip each expression with a reasonable interpretation, i.e. define function

[:Expr x X2, x (W = I(Z UTgUTys)) — I(Bool)

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

5/26



(1) Domains of Basic Types o« 0CL
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Recall:

o Tp ={Bool, Int, String} AL botly stis

/ J«?)amé

W : ) )
e set /\ maa/u b#a‘”« ‘
o I{Bool) := {true, false} O {LBoot} o¢ """&7[““{
° ﬁ;slnt) = 7,V {J_]mg}

o I{String) = U { L String }

V\ {M,,-)f_ Stgaemces 0,[ agacdess

We may omit index 7 of L, if it is clear from context.
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(i1) Domains of Object and (iii) Set Types
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Now we need a structure Z of our signature . = (7, %, V, atr).

Recall: 2 assigns an (infinite) domain Z(C) to each class C € %

Let 7o be an (OCL) object type for a class C € 7.
We set

%7‘0) = -D(C') U {...Lz,j

povusct of L(x)

Let 7 be a type from T U T¢,. :
We set o)

I_ﬁ)Set(T)) =2 v {i&f(rl}

la

Note: in the OCL standard, only finite subsets of I(7).
But infinity doesn’t scare us, so we simply allow it.
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(iv) Interpretation of Arithmetic Operations
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e Literals map to fixed values: I;il (8al) 1;,(/"'5/=ZO{J_“?
17

I(true) := fuce, I(false) : Mse 100):=0, I(2):=1,...

oo m
ool I(-.)(M) OG‘UndCfIVOGd-,- = ..L'-c»
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(iv) Interpretation of Arithmetic Operations
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e Literals map to fixed values:

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

e Boolean operations (defined point-wise for x1, x5 € I(7)):

’t’f‘t’_"’&’"( bue  f xe=xp ted K, Ly el KpF L,

L{{Y:lz,(xlﬁIQ) ‘= 144/5‘6 / l-,[ X, £ X2 M Kq?é_Lt M/K#J-r
Tls): T0)xTh) | Loy , ofhessise
— T (8ol ) = S, fule, L3
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(iv) Interpretation of Arithmetic Operations
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e Literals map to fixed values:

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

e Boolean operations (defined point-wise for x1, x5 € I(7)):

( true ity # L, £ 29 and x1 = x9
I(:T>(LC1,£U2> = < false , If I1 7é J_T 7é I and I1 7& T2
| LBool otherwise

o Integer operations (defined point-wise for x1, x5 € I(Int)):

WMEX Wt — k¢

K + X L s, #L ond 5, 6L
v 1 ,  oHasnse
Tt KTt = Tt
=2 ¥l

8/26
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(iv) Interpretation of Arithmetic Operations
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e Literals map to fixed values:

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

e Boolean operations (defined point-wise for x1, x5 € I(7)):

( true ity # L, £ 29 and x1 = x9
I(:T>(LC1,£I?2> = < false , If I1 7& J_T 7é I and I1 7& T2
| LBool otherwise

o Integer operations (defined point-wise for x1, x5 € I(Int)):

xr1 + Io ,ifﬂ:l#J_#xQ
1 . otherwise

Note: There is a common principle. w (e, O] - +(epr, 4. )

Namely, the interpretation of an operation w : 7 X ...7, — 7 is a function

I(w) : I(11) X -+ x I(7,) — I(7) on corresponding semantical domain(s).
AN

I(+)(z1,22) := {
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O+ 2+ =13

l_l( S «-i ) j- Z[w (@f’% CWW)\E [6‘/5)
T(0| <0 = ( r(w))( LUCexp:B (5, 4), .,

T( 2} =2
‘L(ﬁ‘_ /‘“lfy‘m:o.(ﬁ‘[g))

(,, ::(kaI(utl > Tt )

=) : Tehéfs The) = Tgot|
¢Mi¢ St hre Ste @tndus
slede
T +0)\168) < () T, 1@ ) =2
A
— »

r&a


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


(iv) Interpretation of OcllsUndefined

e The is-undefined predicate (defined point-wise for x € I(7)):

i =L
I(0dlIsUndefineds ) () = { Z’Z ‘ f P

— 04 — 2014-10-30 — Soclsem -
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(v) Interpretation of Set Operations
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Basically the same principle as with arithmetic operations...

Let 7 € T U T%.

e Set comprehension (z1,...,x2, € I(7)):

I(§Yo) (21, ... zn) i={z1,..., 20}

for all n € INg
o Empty-ness check (z € I(Set(7))):

(true Cifx =10
I(isEmpty®)(7) :== { Lpoor . if 2= Lser(r)
| false , otherwise
ma["udﬁ?

o Counting (z € I(Set(7))):

I(size”)(z) := |z| if  # Lges(r) and L, otherwise

10/26
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(vi) Putting It All Together

OCL Syntax 1 4: Expressions

Where, given .¥ = (7, €,

W D {self} is a set of 1

exrpr 1= logical variables, w has

w $7(w) T is any type from 7 U

IT><7'—>Bool\/ U {Set(ro) | 7o € Tp U

: 7 — Bool/

| eapr,— eapr,
Tg is a set of basic

the following we use
Ts = {Bool, Int, St
T = {TC | Ce %}
set of object types,

Set (7o) denotes the

| ocllsUndefined., (expr;)
T X e ><7'—>5€t(7/

: Set(t) — BoolV/
: Set(1) — v’

| {expry, ... expr,}
| isEmpty(ezpry)

| size(expry)

| alllnstancesc : Set (o) set-of-7y type for

T0 € Tp U Ty
| v(expr) 70— 7(v) (sufficient because 9
| 71 (expry) ST — TD “flattening” (cf. sta
| o (expry) 1 7o — Set(Tp) v:7(v) € atr(C), T(v)

r1: D071 S atr(C),
r2 @ Dy € atr(C),
C,De¢.
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OCL Syntax 2 4: Constants, Arithmetical Operators

For example:

expr =
| true, false : Bool
| expry {and,or,implies} expry : Bool x Bool — Bool
| not expry : Bool — Bool
10,-1,1,-2,2,... . Int
| OclUndefined T
| expry {+,—,...} expry : Int x Int — Int
| expry {<,<,...} expry : Int x Int — Bool
- Generalised notation:
: expr == w(expry,...,erpr,) ST X X T — T
= withwe{+,—,...}

OCL Syntax 3 4: Iterate

expr = --- | expry->iterate(wy : T ; wo : T = expry | exprs)
or, with a little renaming,

expr = - -- | expry—>iterate(iter : T1; result : 7o = expry | expry)

where

OCL Syntax 4 4: Context

expr, is of a collection type (here: a set Set(7y) for some 1),

(v)

wherewe W and 1, € Ty, 1 <i<n, n>0.

context ::= context wy : T1,...,Wy : Ty INV : €xPT
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Valuations of Logical Variables {af, | ]
C
n T
e Recall: we have typed logical variables (w €) W, 7(w) is the type of w.

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

/ N
s ] —> T(1at) B(w) € I(t(w)).
ﬁ i >uT(’$:I)
V- U TGt
vI () | wew
i
L\/ = gx: E, Wc’ch
i W Tt v L) = 20+ v DE)
Examples :
e ﬂ(i()‘—'l'?- éi(kf} o /3&}:_)_1"{
B8N =1 6 Tz §=P(C) Bi,) =5,
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(vi) Putting It All Together...
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expr = w | w(expry, ..., expr,) | allinstancesc | v(expry) | r1(expry)

ro(expr expr,—>iterate(vy : 71 ; Vg 1 o = expr, | expr
1 1 2 3

o I[w](o,B) :=AlW)

o [fw(expry,...,expr,)](o, ) ::(I(w))(‘.ﬂfe&fl,,l[c;/?),,..,Ilciffh}éq/{})
o I[alllnstancesc] (o, 8) := dow (&) ndD(¢)

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

13/26
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(vi) Putting It All Together...

expr = w | w(expry, ..., expr,) | allinstancesc | v(expry) | r1(expry)

ro(expr expr,—>iterate(vy : 71 ; Vg 1 o = expr, | expr
1 1 2 3

Assume expr, : 7o for some C' € €. Set uy := I[expr,](o,B) € D(1¢).

{(o-(w M) i ue doms)

o Ifv(capry)](o, ) =
T

o Ifri(eapry)](c, 8) ==

Dan
) it e dmd)
o I[[?f_g(exprl)]]((f, B) = {i(‘/q)[f) , ;ﬁ[,:wic i

(Recall: o evaluates 7y of type Ci to a set)

1 ; othugepise

v iy edonls) dud olu)(t,) =4uf
L, oflwuwse

— 04 — 2014-10-30 — Soclsem -
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P ({Natd {Tean fuckes, Metien], fagesMat, oy, p:THy 1,
@(&“-No {lt‘!i-afey,wf ﬁgfrff)

W =§x, 2lfh, =4
&= {1gp (2,54, 200 (%5), % H({”#f,zﬂf}f

—_—
e,

o THall k%wm](&ﬁ) = dan(e) A D(TA) < f‘(r/,, Z,,-(,, S’,dn @(77’) = ;77:« ZT,«K
o g xB10, - |

TC x> all /NM)-W“) ax [(s, Al
_ 1T > (x, siz< (alitnstmes ) § (5,8) =(T6) (.Ll/ZxD(s,,s I{w)(xw/»@,m ﬂ)
\'—v—v

Bl vk poad o e e - Ik L-'\i’:«;?z»_f:_,
2 C X \/\\L_/J
TIC <, . a@a](&/ﬁz -Il[%« (x([C)MY;A} e

:O‘(Uo)(dqﬂ.c) = 0(27m) (42 ) = -

Uy = ICSG[(O][UIK&\ :KZ(‘”@.{} =2—,]7
o by M BT T a(op,) =) becanse 3, & dons)
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(vi) Putting It All Together...

expr = w | w(expry, ..., expr,) | allinstancesc | v(expry) | r1(expry)

| 7o (expry) | expry—>iterate(vy : 71 ; vo : o = expry | exprsy)

o I[expr,—>iterate(vy : 71 ; Vo : To = expry | exprs)](o, 5)

. {I[[expTQ]](Ua ) ,if Iexpr](o,8) =0

iterate(hlp, v1, ve, exprs, o, 8') , otherwise

where 6, — B[hlp — [[[exprl]](a, 6)7 Vg — I[[GZE]?TQ]] (Ua 6)] and
o dterate(hlp, vy, vo, expry, o, B)

_ Jlezprsl(o, 8'[vr = 2]) , if B'(hip) = {=}
I[ewprs](o, 5") i B/(hlp) = X U {z} and X # 0

where 5" = B'lv1 — x, vy — iterate(hlp, vi,ve, expry, o, 5'[hlp — X])]

— 04 — 2014-10-30 — Soclsem —
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(vi) Putting It All Together...

expr = w | w(expry, ..., expr,) | allinstancesc | v(expry) | r1(expry)

| 7o (expry) | expry—>iterate(vy : 71 ; vo : o = expry | exprsy)

o I[expr,—>iterate(vy : 71 ; Vo : To = expry | exprs)](o, 5)

. {I[[expTQ]](Ua ) ,if Iexpr](o,8) =0

iterate(hlp, v1, ve, exprs, o, 8') , otherwise

where 6, — B[hlp — [[[exprl]](a, 6)7 Vg — I[[GZE]?TQ]] (Ua 6)] and
o dterate(hlp, vy, vo, expry, o, B)

_ Jlezprsl(o, 8'[vr = 2]) , if B'(hip) = {=}
I[ewprs](o, 5") i B/(hlp) = X U {z} and X # 0

where 5" = B'lv1 — x, vy — iterate(hlp, vi,ve, expry, o, 5'[hlp — X])]
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Quiz: Is (our) I a function? 13,26
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