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Last Lecture:

OCL Syntax

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.
What is an object diagram? What are object diagrams good for?
When is an object diagram called partial? What are partial ones good for?
When is an object diagram an object diagram (wrt. what)?
Is this an object diagram wrt. to that other thing?

How are system states and object diagrams related?

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?

Content:
OCL Semantics
Object Diagrams
Example: Object Diagrams for Documentation »
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OCL Semartics [OMG, 200§
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OCL Syntax 1/4: Expressons

eTpr 1=

w

| expri=-expry
| ocllsUndefined. (ezpr;)

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

| alllnstancesc
| ofezpry)

| | r1(expry)
| ra(eapr)

:7(w)

17 X T — Bool

: 7 — Bool

11 — 7(v)
iTe — Tp

: ¢ — Set(Tp)

Where, given . = (7,6, V, atr),

ST X e X T — Set(T)
: Set(1) — Bool
: Set(r) — Int

: Set(7¢)

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

7 is any type from 7 UTp U T
U{Set(r0) | 7o € Tr U T}
e Tp is a set of basic types, in
the following we use
Tp = {Bool, Int, String}
o Te ={1c | C € €} is the
set of object types,
Set (o) denotes the
set-of-7 type for
70 €T UTe
(sufficient because of
“flattening” (cf. standard))
v:7(v) € atr(C), T(v) € 7,
r1: Doa € atr(C),
21 Dy € atr(C),

C,De%.

o Given an OCL expression expr, a system state 0 € £%,, and a valuation of
logical variables 3, define

I[-]1(-, ) : OCLExpressions(.) x £% x (W — I[(Z UTg UT%)) — I(Bool)

I
3
7
g
I
The Task
:
z
é such that
2
|

Iexpr](o, B) € {true, false, L poor}.< I (Bool)
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Basically businessas usual...

—
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(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
Imwith dom(l) =Tg
(il) Equip each object type 7¢ with a reasonable domain, i.e. define function
{;vaith dom(I) = 7¢
(most reasonable: (C') determined by structure 2 of .%).

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

%.:]W_'Ith dom([) = {Set(To) | T0 € T U Tcg}

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

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

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

(vi) Equip each expression with a reasonable interpretation, i.e. define function
4"_:)Expr X2 x (W — I(Z UTg UTg)) — I(Bool)

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

(i) Domains of Basic Types (o} acz)
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Recall:
Tp = {Bool, Int, String} I

"SS “on b%u ‘(k
We set: V/ /

I{Bool) := {true, false} U{LBoor}
I(Int) :=Z U { L.}
I(String) :== ... U{ Lstring }
fiuile guoeces of chamoks

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

Lok sets disioit
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(i) Domains of Objed and (iii) Set Types
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Now we need a structure 2 of our signature . = (7,6, V, atr).
Recall: 2 assigns an (infinite) domain 2(C') to each class C' € ¥.

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

We set
%TC) = @(C) U {J—Tc}

s
Let 7 be a type from Tz U Tt. Wt o A

We set
églset(T)) = 2](T) U {J-Set(T)}

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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7/42
(iv) Interpretation o Arithmetic Operations
o) .
Literals map to fixed /\z%l"ues: ,\,Uué) ‘Zv.‘-&j
@

v
I(ttue) .= trme, I(false) := fulse,  1(0):=0, I(1):=1,...
1(OelUndefiped.) := 1.~ ¢ T(z)
“~ ~r(l'l"’ I(l'il v r(:'}.‘l
Boolean operations (defined point-wise for z1,x2 € I(7)):

true Jifxy #£ 1 # x9 and 1 = 22
I(=:)(z1,22) := ( false ,ifx1# 1L, # 22 and 1 # 22

L Boot , otherwise

Integer operations (defined point-wise for 1, z2 € I(Int)):

1 +x0 ,if 21 #L#xz
1 , otherwise

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

Note: There is a common principle.
Namely, the interpretation of an operation w : 71 X ... 7, —> T
is a function i()w) : I(m1)x-+-xI(1n) — I(7) on corresponding semantical domain(s).
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(iv) Interpretation d OcllsUndefined
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o The is-undefined predicate (defined point-wise for x € I(7)):

true ,ifxz=_1;

I(oclisUndefined)(x) := {

false , otherwise
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(V) Interpretation o Set Operations
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Basically the same principle as with arithmetic operations...
. (z
Let 7 € T UT%. _{X;-, "-1"’5 T xT 53 (T)
o Set comprehension (z1,...,z, € I(7)): G

(TN, 2n) == o, %D

for all n € INg

Empty-ness check (z € I(Set(7))):

true Lifz =0
I(isEmpty™)(7) := { Lpoor ., if & = Lgey(r)
false , otherwise

o Counting (z € I(Set(7))): /CW‘["“‘L"'S
(I(s’nze’))(x) = |z| if © # Lge(ry and Ly, otherwise

10/42



(vi) Putting It All Together

OCL Syntax 1/4: Expressons

1
Where, given . = (7, %, OCL Syntax 2/4: Constants, Arithmetical Operat

o W D {self} is a set of

expr = logical variables, w has
, s r(w For example:
.“’ i7(w) o 7 is any type from .7 U P
| expry =, expry S 17 X T — Bool U {Set(o) [ 0 € Tp U expr = ...
| oclisUndefined, (ezpr, )V : T — Bool © Tp is a set of basic | true, false : Bool
the following we usq | expry {and, or,implies} expro : Bool x Bool -
| {expry...., expr,} 1T x - x7— Set(r)  Tp={Bool, Int, St 7 sonime e ’
. o Tg ={rc|Ce®) | not expr : Bool — Bool
| isEmpty(expr,) v : Set() — Bool ¢ < v
K . Set Int set of object types, 10,-1,1,-2,2,... . Int
: size(eapry) v/ . Se ET))H n o Set(7o) denotes the | OclUndefined v o7
alllnstancesc : Set(tc t-of-7 type fa
STZ GOT;UYYF:: or | ezpry {+,—....} expro” :Int x Int — 1
| v(ezpry) 17c — 7(v) (sufficient because o | eapr) {<,<,...} eaproy :Int x Int — 1
| 71 (expry) iTe —Tp “flattening” (cf. sta
[ r2(expry) 1 7¢ — Set(Tp) o v:7(v) € atr(C), 7(v)| : Generalised notation:
o ry: go,l € at(rc(‘f)' ‘" expr == w(expry,...,expr,) T X e X Ty -
e r2: Dy € atr , ]
. CDe%. Sowithwe {+,—,...}
1
OCL Syntax 3/4: Iterate
Sl OCL Syntax 4/4: Context
v
expr = - | expr->iterate(wy : Ty ; wa : T2 = expry | expr. .
? |eapry (w1 ! 2 Pry | eaprs) context ::= context wy : Tq,..., Wy, : Ty INV : expr
or, with a little renaming, .
nw fte renaming where w € Wand 7, € Ty, 1 <i<n,n>0.
expr = - - - | expr —>iterate(iter : 7y; result : T, = expr, | exprs)
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Valuations of Logical Variables
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/}{g(/c | e&’f

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

o By (3, we denote a valuation of the logical variables, i.e. for each w € W,
Bw) € I(r(w)).
G — U T(rw)

wen)

W=t x:Wt, e z.§
fo: L) — Tt) v T(z)

Exou
0 ﬁ[x)aa' €T(t) ° /%(x):_;_u(_
o [blsdfe) <" cTle) -DCc)uis] |° BelH) =L
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(vi) Putting It All Together... T : ozepx Sox Wy Tecod) =
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e,
flse,
expr = w | w(expry,..., expr,) | alllnstancesc | v(expr,) | r1(expry) Leif

| r2(expry) | expr{->iterate(vy : 71 ; v2 : T2 = expr, | exprsy)
I[w)(0, ) = (5G)
Iw(eapry,.. ., expr,)](o, 3) = L) (I[eapql'(c,ﬁ)/ e, IZ&U\'J(Q/?))
ITallinstancesc] (o, 3) := dowr (o) n D(C)
Note: in the OCL standard, dom(c) is assumed to be finite.
Again: doesn't scare us.
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$=(6,4¢,23,9,0)

e 5,1 lc 0. 3 nl, B ng o]

o wa{;(:lmé,C.:Z'cs
° ﬂ,,:éxl—)\&,ca.;of Q“')
o T @ okl bstomcesp (s, B.) = dan (51 ) n D@ {555 ()

v T ste (dihstaras) Wey, p,) =T (522) (TE allestoiun ¥ (55, £.)

e = (Fs52))(ESD3) = 1£5,3) = f  (&ew]
[;t:) Ot) Kbg d4~ o/ I(.DZC}

o T x > sie (sllbharis,)§(o,p.) = ) (Flkor ), T sec (Lllabeacsy )§65.1)
S(x, siee (obha‘-uu)b)) “‘)/—IO)( 6-('()/ ‘f) -\J?::,)(Ig,'()

G = fme .
Mol N\ arsVuen
q.‘rl.’»\-l %NTO} I(/)(Xu?(Z)‘
o TIL A/ (sie (llsshamcesy )~ 1) 30, 6,5 = Lo / Kober F L
7 Z
@t Xz £ O
IE:IJ(O'-,,/:,,) =T() =7¢ I(kt) dte othanse



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

| r2(expry) | expr{->iterate(vy : 71 ; v2 : T2 = expr, | exprsy)

Assume expr, : 7 for some C € €. Set uy := I[expr,](o, 3) € D(1¢).

“ P iF e G,
Io(expry))(o,5) = {fz ) U@ e
I[y1(expry)](o, B) = {u 1 if wEdow(s) ad (i, )Ct,) =20f

N .
G"C‘M Lo nse
q)( i G(d'“—(
I[ro(expry)](o, B) := {1(0 fz) i u,,gT =)
set(g) Othernse

(Recall: o evaluates ry of type C, to a set)
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j:—(flvzfl Co{o'lxsl Zr('l:Dj/ {"5: ({M , s(: C;’ et c:(o(m"j/ {C’H{M, <. ’5/

Dr fcf)
Dimt)=2Z, D cofowrs) = gkd.ar«n,%u;

& -.{/Q !—){wsl-;lb', (b $2, 15613, ("755,
2k Sus e}, (R I, chss,
I wius ik, (Y, (B3
Sp b4 em Yedd
-3 e: Ty, Xilut, d:Clon, m: Cc
Al S?ﬁf:-?tvsbb/ x‘\w Y greon ! &'265

e L I G(;)l (Gz,ﬂ‘) =ﬁ;(5p)(<) e, Itﬂfﬂz,ﬁa)rs_b

e TCcG)=d s, b)- fnlse

e TLsl(p)D(ez.p2) = 1.0}

o TC r(ms () I(oz, 8,) =8, TLwas(w)oz .17 1c

e TL c(ws(p N1z, 82)= L, , TCPI(0f3)= Lo,

et 7



(vi) Putting It All Together... o to by e set
/ai?.‘nkdtﬁj expl, (ins, M-vr(»l/é)

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

| r2(expry) | expr{->itefate(vy : 71 ; v2 1 T2 = expr, | exprsy)

ihale resut et valoe expr asspa fo Vo o
N N v eV iaithial waloce.
o I[expr,->iterate(vy \ 71 ; v2 : T2 = expry | exprs)](o, ) geven by ,

woifentior [ Meaprl(e.9) if Ieapry|(:,6) = 0
:{i f_ | iterate(hp,v1, va, expry, 0, 3') , otherwise
Vo where 3 = Blhlp — ITexpr,](o, ﬂ),yz — I[expry] (o, B)] and
o iterate(hlp,v1,ve, expry, o, 8") hlp los eacre_ oo,
_ Heapry)(o, 8o —a)) i B (ip) = {z}
© Ulezprsl(o, 8”) Lif B'(hlp) = X U {2} and X # 0

where 3" = f'[v1 — x,v2 > iterate(hip,v1, v, exprs, o, 5 Elp — g )]
A

nes Wp 5 cdley
Dlpcr?f(ouf’(
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(vi) Putting It All Together...

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

| ro(expry) | expr{->iterate(vq : 71 ; v2 : T2 = expr, | expry)

o Ifexpr,->iterate(vy : 71 ; v2 : T2 = expry | exprs)](o, )
:: {I[[emprQ]](a, B) ,if Ifexpry](o,8) =0

iterate(hlp,v1,ve, exprs, o,3') , otherwise

where 3’ = B[hip — I[expr,](o,B),v2 — I[exprs](o, 3)] and
o iterate(hlp,v1,ve, exprs, o, 8")

exprs](o, B'[vr — ]) , if B'(hip) = {x}
I[exprs] (o, 8") Jif B'(hlp) = X U {z} and X £ 0

where 3" = 3'[v1 — z,va — iterate(hlp,v1, va, exprs, o, B [Mp — X])]
3

Quiz: Is (our) I a function?
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Example
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Kuni-treiburg.

@ context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

((©) Prof. Dr. P. Thiemann,
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