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Last Lecture:
e OCL Syntax

This Lecture:

¢ 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 gt_J'Leg_gi/agLa/m which violates this OCL constraint?

Rk e

o Content:

e OCL Semantics
e maybe: OCL consistency and satisfiability
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The Task
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OCL Semantics [OMG, 2006]

OCL Syntax 1 4: Expressions

2010-10-27

03

expr =

w :7(w)

| expri=,expry 17 X T — Bool

| ocllsUndefined (ezpry) :7 — Bool

| {expry. ..., expr,, } ST X e X T — Set(T)
| isEmpty(expry) : Set(r) — Bool

| size(expry) : Set(r) — Int

| alllnstances: : Set(r¢)

| v(ezpry) 170 = 7(v)

| r1(expry) )

| 7o (expry) 1 7¢ — Set(Tp)

Where, given . = (7, €, V, atr),

o W D {self} is a set of typed
logical variables, w has type 7(w)

o 7 isany type from JUTpUTs
U{Set(ro) | 7o € T U T}
o T is a set of basic types, in
the following we use
Ty = {Bool, Int, String}
o Ty ={rc | C €€} is the
set of object types,
Set (7o) denotes the
set-of-7 type for
70 € T UT¢
(sufficient because of
“flattening” (cf. standard))
o v:7(v) € atr(C), T(v) € 7,
o 71: Doy € atr(C),
o r2: Dy € atr(C),
*» C,Dc?.

o Given an OCL expression ezpr, a system state 0 € £, and a valuation of logical

variables 3, define

I[[\ﬂ(, -) : OCLEzxpressions(.) x %, x (W = I(ﬂvu Tp UTy)) — I(Bool)

N —

such that

~

~

=N

/

. A — —

r

\
Hexpr](e, 5) € {true, false, L poor}.

=3 e,
se

.J-.DWI/}
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Basically business as usual...

(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
Imwith dom(f} = T'p =§ Lt, B, Shrivg3
ey Lyl 8al) =3, fabe,1g,}
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Basically business as usual...

(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
I(Uwith dom(@j: Ty
(ii) Equip each object type 7¢ with a reasonable domain, i.e. define function
Iwith dom(l})): TC
(most reasonable: 2(C') determined by structure 2 of .%).
(iii) Equip each set type Set(7y) with reasonable domain, i.e. define function

Tyvith dom(@)z {Set(r0) | 70 € Tp U T%}

—_— —_— — - — — -

— — —— ——— —
iv) Equip each arithmetical operation with a reasonable interpretation
quip o] p
that is, with a function operating on the corresponding domains).
p g p g

Iﬁ%/vith dom(f)=A{+,—,<,...}, eg., I(+) € I(Int) x I(Int) — I(Int)

P, + oly i bt K lut — b
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Basically business as usual...
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...except for OCL being a three-valued logic, and the “iterate” expression.

(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
I with dom(J) =Tp
(ii) Equip each object type 7¢ with a reasonable domain, i.e. define function
I with dom(J) = ¢
(most reasonable: 2(C') determined by structure 2 of .%).
(iii) Equip each set type Set(7y) with reasonable domain, i.e. define function

I with dom(I) = {Set(To) | 0 €T U Tcg}

(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(+) € I(Int) x I(Int) — I(Int)
(v) Set operations similar: I with dom(I) = {isEmpty, ...}
(vi) Equip each expression with a reasonable interpretation, i.e. define function

I:Expr x$2 x (W — I(7 UTp UTg)) — I(Bool)

(i) Domains of Basic Types o 0ctL
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Recall:
o Tp ={Bool, Int, String} _ ue bots st

J«amnt
We set: / o read  boftow”

° “Bool) := {true, false} Y {LBoor} o< u“"é‘ﬁ""‘(‘
° ﬁlgfnt) =7U {J—Int}
e 4'(Stmng U {L string }

\ {.w-k Stgances o,[ dingneess

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



(ii) Domains of Object and (iii) Set Types

e Now we need a structure & of our signature ./ = (7, %, V, atr).
Recall: Z assigns an (infinite) domain Z(C) to each class C € %

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

Jre) = D(e) U {Ly3

parasct of Ltx)
o Let 7 be a type from Tp UTy.
o We set

I(z-) i

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

o Literals map to fixed values: I-(;:}(B‘l[} 1;,(/“’6}"-'20{1.“f
w

{Mtrue) = igq I(r‘ds@ = A&g, 100):=0, I(1):=1,...
&;( 1;:)(3”‘) 1(OclUndefined ) :=
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(iv) Interpretation of Arithmetic Operations

e Literals map to fixed values:

I(true) := true, I(false) := false, I1(0):=0, I(1):=1,...
I(OclUndefined,) := L,

o Boolean operations (defined point-wise for x1,z2 € I(7)):
’t)f.'t—-) Boo( ue  if xa=x dmd x, %Ly el KpE L,
Jd(=e)(z1,22) = false "f Ko #Ky rwl Xy Lp asel Kb Lr

Tal=): T« Th) Loy , Othemnise
= Tl ) =fu, e, 4
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(iv) Interpretation of Arithmetic Operations

o Literals map to fixed values:

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

e Boolean operations (defined point-wise for 1,25 € I(7)):

true Jifxy £ 1, # 20 and 1 = 29
I(=7)(z1,22) =< false ,ifx; # L, # x5 and x1 # T9
1 Boor , otherwise

o Integer operations (defined point-wise for z1,x2 € I(Int)):

WEX Wt = Wt

LR ‘ auol 103 L
I(‘ﬁ')($1,$2) = kX, )# Ky#.L e
L / oHasinse
Tt KTOt] - T(ht)
=2Zoddt
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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, I1(0):=0, I(1):=1,...
I(OclUndefined,) := L,

o Boolean operations (defined point-wise for x1,z2 € I(7)):

true Jif ey £ L, # 20 and 27 = 29
I(=;)(x1,22) := ( false ,ifxy # 1, # 29 and x1 # 2
1 Boor , otherwise

o Integer operations (defined point-wise for z1,x2 € I(Int)):

r1+xy ,ifxy F# LF
1 , otherwise
Note: There is a common principle. w(th,---,Qf&J € +(M”W"}

Namely, the interpretation of an operation w: 74 X ...7, — 7 is a function

I(w) : I(11) X -+ x I(1y) — I(7) on corresponding semantical domain(s).
Ve d

I(+) (21, 22) == {

O+2+=13
=(x(02), 1) T w(ep, -, op3668)

= (T()( TTepd G ),

0\ = 0
Itol Ilﬁme(c,tg))

T(2N =2

13y =13
Lt oy - Tt Tt] > TCot)

TC =) T(f s The) > Tt
e petyiaus
slide
TLH0MIsp) = (20 (T 763 )=z
0 2

-

r&g

delli =t hure



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

I(odIsUndefinedy ) (z) := {zj; i f.p::mt:_

(v) Interpretation of Set Operations
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Basically the same principle as with arithmetic operations...

Let 7 € T U Tcg.
e Set comprehension (z1,...,z, € I(7)):
I({Yo) (@1, .. wn) == {z1,..., 20}

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

true ifx=10
I(iS\EmP@T)(:L’) = J—Bool ' ifr= Jn‘S’et(’l‘)
false | otherwise
wJ.'ml[?

e Counting (x € I(Set(r))):

I(size®)(x) := |z| if 2 # Lget(r) and L, otherwise

10/26



(vi) Putting It All Together

OCL Syntax 1 4: Expressions

expr =

w

| expri=rezpry
| ocllsUndefined. (ezpr)

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

| allinstancesc
| v(expry)
| r(expry)

| ro(ezpry)

s 7(w)
ITXT — Boolv/
: 7 — Booly/

PT X e X T — Set(T
: Set(r) — BoolV/

: Set(r) — v’

: Set(tc)

s — 7(v)

1T — D

1 7¢ — Set(Tp) .

Where, given . = (7,6,
o W D {self} is a set of

o T is any type from 7 U

logical variables, w has

U {Set(ro) | 70 € Tp U
o Tp is a set of basic
the following we use]
Tp = {Bool, Int, St
o Te ={1c | C e E}
set of object types,
o Set(o) denotes the
set-of-7 type for

10 € TpUTe
(sufficient because d
“flattening” (cf. stal
v:7(v) € atr(C), 7(v)
r1: Doa € atr(C),

OCL Syntax 2 4: Constants, Arithmetical Operators

For example:

expr = ...

| true, false

| exzpry {and, or,implies} expr,

| not expry
[0,-1,1,-2,2,...

| OclUndefined
| expry {+,—

| expry {<,<,...

Generalised notation:

: Bool

: Bool x Bool — Bool
: Bool — Bool

: Int

iT

: Int x Int — Int

: Int x Int — Bool

where

s expry is of a collection type (here: a set Set(7g) for some 7)),
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Valuations of Logical Variables {a, | CcC}
/a7,

expr = w(ezprl,... TTE X X Ty — T
o ro: D, € atr(0), B
. CDe%. 5 withwe {+,—,...}
1
OCL Syntax 3 4: Iterate
&l OCL Syntax 4 4: Context
capr 1= -+ | eapry iterate(wy 7y i wp 7 = eapry | eapr) (\/) context ::= context wy : 7 Wyt Ty NV ezpr
context ::= 1T Wy
or, with a little renaming, . ne
wherew e Wand 1, € Ty, 1 <i<n,n>0.
expr = - - - | expry—>iterate(iter : Ty: resull : Ty = expry | exprs)

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,

Blw) € I(7(w)).

[
L —> Tt)
Ve N vTal)

Ve
vI ()

wéW

(VN

Ex S

U TGtw))

L) = $x bt sl oz f

fi b — Tut)v Tl ) = Zovif v D)

.« p) = €lld]
ﬁ(-d(o\r'l(_ e I(ze§=P)

L] p()(} = "Llnl{

Pl ) =5,
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(vi) Putting It All Together...
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expr := w | w(expry, ..., expr,) | alllnstancesc | v(expry) | r1(expry)

| ro(expry) | expri—>iterate(vy : 71 ; vy : To = expry | exprs)

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

o Ifw(expry,...,expr,)](o,B) :Z(I(w))(ffﬂ:oguj(r,/f)l,__/l'[&;f/h}é;;/{})
o I[alllnstancesc](c, ) := dow (o) n ()

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

(vi) Putting It All Together...
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expr :=w | w(expry, ..., expr,) | alllnstancesc | v(expry) | r1(expry)

| ro(expry) | expri—>iterate(vy : 1 ; vy : T2 = expry | exprs)

Assume exzpr; : 7¢ for some C € €. Set uy := I[expr,]|(o,8) € 2(7¢).

{(or(v‘ L F uedmG)

o Ilv(eapr)](o, 8) =

T L , oHugcpise
. cb & 1) = 2V
° I[[T“I(EIprl)]](a, B) = {i / f&lzj& o (s)  dud o)1) =3}
Da ‘

o I[[T_Q(exprl)]](avﬁ) : L othesurise

{a(uﬁ[«;) il e dan )

(Recall: o evaluates 73 of type C, to a set)

13/26
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R i el
Dt )=, {740 fap,f, Mo 137

w =§KI 9‘4", x[{'ﬂ!i
o= {lur (D50, 25,5(%5), Sltaau)§

o Tlallkshumcsgy s, ) = donle) n D) < 10y, 204, 543 0 DCTH) = F 1y 27,5
o B XPI0,

TCx> alllus M.m-) ax {(s, /5}

2T o (i (llesmen) 3 (6,) = (L) LTV ), o) (TEuA 6 5) )

avd S0y ﬂ,&’='0 ‘-\iﬁ’ﬁé‘zﬁi_‘
0/;2: Sd{c’—ézﬂ’l/f\ vele e x W

T <4, . zgo](&ﬁz) =Tl (sl s 8,)
= o-(w)(vgc) = 0(27) (4g:) = -

Yy *I-ZS#LJ[U'&,\ =ﬂz(~"¢(} =2u,
°fg: sl ¢ H;frh,v- rﬂ-_?’@[v‘g‘y(o,/z,) =1 becaus ?‘Fhé do. &)

(vi) Putting It All Together...

| ro(expry) | expri—>iterate(vy : 1 ; vy : T2 = expry | exprs)

expr :=w | w(expry, ..., expr,) | alllnstancesc | v(expry) | r1(expry)

o [[expr->iterate(vy : 71 ; Vo : To = expry | exprs)] (o, B)

iterate(hlp, v, ve, exprs, o, B') , otherwise

— {1[[612197"2]](0, B) ,if I[expr](o,8) =0

where 8 = B[hlp — I[expr,](o, B),ve — I[exprs](o, )] and
o iterate(hip, vy, va, exprs, o, 5)

_ Iexprs](o, 8'[vy — ]) , if 8/ (hlp) = {z}
" | ITeaprs] (o, B7) Jif B/(hip) = X U {x} and X # 0

where 8" = B'[vy — x,va — iterate(hlp, vy, va, exprs, o, §'[hlp — X])]
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1326



(vi) Putting It All Together...
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expr := w | w(expry, ..., expr,) | alllnstancesc | v(expry) | r1(expry)

| ro(expry) | expri—>iterate(vy : 71 ; vy : To = expry | exprs)

o [[expr{->iterate(vy : 71 ; Vo : To = expry | exprs)] (o, B)

— {I[[e:vprg]](a, B) ,if I[expr](o,8) =0

iterate(hlp, v, ve, exprs, o, B') , otherwise

where 8 = B[hlp — I[expr ] (o, B),ve — I[exprs](o, )] and
o dterate(hip, vy, va, exprs, o, 5)

I[exprs](o, B'[vy = x]) , if §'(hip) = {x}
I[exprs] (o, 8") Jif B/(hip) = X U {x} and X # 0

where 8" = B'[vy — x,va — iterate(hlp, vy, va, exprs, o, §'[hlp — X])]

Quiz: Is (our) I a function?
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