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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

NCl - ~Arcictan~cys c~ticEiARii+y,
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OCL Semanticf

OMG, 2006]
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The Task
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OCL Syntax 1/4: EXpressions

erpr =

w

| expr,=rexpry

| ocllsUndefined. (expr)

| isEmpty(expr)
| size(expry)

| allinstancesc

| v(expry)
| ri(expry)

| r2(expry)
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7 (w)

: T X T — Bool

: 7 — Bool

: 7o — T(v)
T — TD

: 7o — Set(1p)

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

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

T is any type from S UTp U Ty
U{Set(ro) | 70 € Te UT%}

Tg is a set of basic types, in
the following we use

:T X - X T — Set(T) Tg = {Bool, Int, String}
: Set(T) — Bool
: Set(1) — Int

: Set(1¢)

Te ={1c | C € €} is the
set of object types,
Set (7o) denotes the
set-of-79 type for
T0 € Tp U Ty
(sufficient because of
“flattening” (cf. standard))
v:7(v) € atr(C), 7(v) € I,
r1: Do € atr(C),
re : Dy € atr(C),

C,De%.
7/30

Given an OCL expression expr, a system state o € 22, and a valuation of
logical variables 3, define

I[-1(-, -) : OCLExpressions(.#) x L2 x (W — I(Z UTsUT)) — I(Bool)

such that

Iexpr] (o, B) € {true, false, L pooi}. < T (Bool)
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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(l) =Tg

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

(most reasonable: 7(C') determined by structure 2 of .%).

(iii) Equip each set type Set(1o) with reasonable domain, i.e. define function

{.,__,yvith dom( ) = {Set( ) | 70 € T U T}

e ——
— | —

p——

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

I‘:xvith dom(l) ={+,—,<,...}, 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
f.5 Bpr X 2 x (W — I(7 UTp UTs)) — I(Bool)

...except for OCL being a three-valued logic, and the “iterate” expression.
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(i) Domains of Basic Type&/ ocz)
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Recall:

T = {Bool, Int, String} bo &P
G_SS"‘

® o 4’7""“{”
We set: V/ B/

I(‘(Baol) .= {true, false} ¥ {1 Bool}
I(Int) = =ZU{ L.}
I(String) := ... U{ Lstring}
fiaile eguonces df chamoke

We may omit index 7 of L, if it is clear from context.
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(1) Domains of Object and (iii) Set Types
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Now we need a structure 2 of our signature . = (7, %, V, atr).

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

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

We set
4':57'0) =920C)U{LlL,.}

A .
AR
Let 7 be a type from T U T. ?”"NS"('- o A

We set
[(Set(T)) = 21T U { L ges(r)}

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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(pul) .
Literals map to flxed /\%I',ues ,\/U"é) =Zv: -L‘j
@

%Stl’ue) = z‘fme, I(false) := false, 10):=0, 11 :=1,...
1(OelUndefiped, ) := 1 e ()
: ) “~ J.:.(:'IUI(:';I v I'-(:'o‘s“l
Boolean operations (defined point-wise for x1,z2 € I(7)):
(true ,if z1 # L. # 22 and 21 = 22
I(=+)(x1,22) ==X false ,if 1 # 1L, # x2 and 21 # 2

| LBoor , otherwise

Integer operations (defined point-wise for x1,z2 € I(Int)):

xr1 + x2 ,if:l?l#l_#ajg
1 . otherwise

I[(+)(z1, z2) := {

Note: There is a common principle.

Namely, the interpretation of an operation w : 71 X ... 7, — T

is a function {(’w) : [(11)x---xI(7y) — I(7) on corresponding semantical domain(s).
1[4
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(Iv) Interpretation of OcllsUndefined
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The is-undefined predicate (defined point-wise for x € I(7)):

true ,ifx=_1,

I(oclisUndefimed;)(z) := {

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

T x- (z
LetTETBUTcg_ {X,,...,)(,.f TxX xz‘eSe( Z.')

el
Set comprehension (z1,...,x, € I(7)): { Ceryee o )

@K za) = e, )

for all n € INg

Empty-ness check (x € I(Set(7))):

( true ifx=10
I(isEmpty™)(z) == Lpoor . if &= Lgey(r)
| false , otherwise

Counting (z € I(Set(r))); Eouckinaity

(I(s’rZé))(a:) = |z| if © # Lger(r) and Ly, otherwise
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(vi) Putting It All Together

OCL Syntax 1/4: Expressions
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Where, given . = (7, ,
W D {self} is a set of {

erpr 1= logical variables, w has
lw t7(w) T is any type from 7 U
| expr, =, expry S : 7 X T — Bool U {Set(ro) [ 70 € Tp U
| oclisUndefined, (ezpr, )W : 7 — Bool T's is a set of basic

the following we use
| {expry,....expr,} v T x---xT7— Set(r) T ={Bool, Int, 5t

| isEmpty(ezpry) v . Set() — Bool Te ={rc | Ce %}
set of object types,

| size(eapry) v + Set(r) — Int Set (7o) denotes the
| alllnstances : Set(1¢) set-of-7 type for

70 €T UT¢
| v(expr) t7e — 7(v) (sufficient because 9
| 1 (expry) S TC — TD “flattening” (cf. sta
| 72 (expry) : 7o — Set(p) v:7(v) € atr(C), (v)

r1: Do, € atr(C),

OCL Syntax 2/4:. Constants, Arithmetical Op:

For example:

expr 1=
| true, false V' - Bool
| expry {and, or,implies} expry v  : Bool x Bool -
| not ezpr : Bool — Bool
|0,—1,1,—2,2,...‘/ - Int
| OclUndefined v T
| eapry {+, ...} expro” : Int x Int — 1
| expry {<,<,...} exprg\/ : Int X Int — 1

Generalised notation:

: expr = w(expry,...,erpr,) DT X e X Ty -
ro @ Dy € atr(C), E
C.Dc%. : with w e {+,—,... }
|
P |
OCL Syntax 3/4: Iterate OCL Syntax 4/4: Contexs,
v
: expr = --- | expry->iterate(wy : T ; wo : To = expr, | exprs) context = context wy : 7 Wy T iV expr
= STl ey Wy P Ty INV
or, with a little renaming, ]
where w e Wand 1, € Ty, 1 <1 <n,n>0.
expr = --- | expry—>iterate(iter : Ty; result : o = expry | exprs)
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Valuations of Logical Variables
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///{se(/c cec]

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(1(w)).
G — U T(rw)

wen)

W= i x: t, eha: T
fo: L) — Tlut) v T(zc)
Ex gl
o A(x)<2F € T(int) PS /%_(x)=_l_u{_
o [5(selle) <A cTl) <D $1] / 2 L) = L
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(vi) Putting It All Together...
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T By X 23 x (L= ¢ Y Tt

expr == w | w(expry,...

| ro(expry) | expr,—>iterate(v;

,expr, ) | alllnstancesc | v(expry) | r1i(expry)

- T1 5 V2

: To = expry | expry)

I[wl(o, B) = (5(w)

Iw(expry,...,expr, )] (o, B)

=JT) ( Tleps,3(s,b), .., THep (s, ,e))

Ifallinstancesc] (o, B) := dow (o) n D(C)

Note: in the OCL standard, dom(o) is assumed to be finite.

Again: doesn'’t scare us.

s

e,
flse,

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

ro( eTPT expr,—>iterate(vy : 71 ; V2 : T2 = expr expr
1 1 2 3

Assume expr; : ¢ for some C' € €. Set uy := I[expr,](o,8) € D(7¢c).

o(ully) , # wedow(s)
_Lt i ¢{£1NLJ7'S&

Iv(eapr)] (o, 8) := {

&um’vy v:T

P U 6/ & ,1Ct, ={u
ITy1(expry)] (o, B) ::[u if wedow(s) awd o(u,)Ct,)=30f

, L othastn'se
(: Cou

rcr(uq)(rz) vl up € dow (o)
"L&&:(Q) , othan'se

(Recall: o evaluates 75 of type C, to a set)

I[ro(expry)](o, B) =
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(vi) Putting It All Together... , . . i, #e st
/m, i, undeft)

7, expr, ) | alllnstancesc | v(expry) | r1(expr,)

expr == w | w(expry,.

ro( expr expr —>itefate(vy : 71 ; V2 : T2 = expr exrpr
1 1 2 3

Lesale resA- et vealue e asspa to V2 o
| U Micla%'a/ valeue af
o I[ewpr,->iterate(vy \ 71 ; v2 : T2 = expry | exprs)|(o, B)

Firee & gy,

vokfaton _ [Ileapryl(e.5) if Iexpr,](, ) = 0
:{ifw_ " iterate(hip, v1, v, expry, 0, 3') , otherwise
e where 8 = B[hlp — I[ezpr,](0. 8), 0z — I[expr,](o, 8)] and
o iterate(hlp,v1,ve, exprs, o, 5') Wlp les iadre_ o,
N elotsant Lft
_ [ Heaprsl(o, 8o v al) i B (hip) = (e} /.
I[exprs] (o, B7) Jif B'(hlp) = X U {x} and X £ 0

where 8" = 3'[v1 — x, v — idterate(hlp,v1, ve, exprs, o, B [hip — X{])]
NN

nes Wp s edies
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(vi) Putting It All Together...
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expr = w | w(expry,...,expr ) | alllnstancesc | v(expr,) | ri(expry)

| ro(expry) | expr,—>iterate(vi : 71 ; v2 : T2 = expr, | exprsy)

I[expr,—>iterate(vy1 : T1 ; v2 : To = expr,y | expry)](o, B)

o {I[[e:cprQ]](a, B) ,if I[expr](c,B3) =0

iterate(hlp,v1,ve, expry, o, 3") , otherwise

where 6, — ﬁ[h’lp = I[[exprl]](0-7 5)7”2 = I[[expTQ]](O-a ﬁ)] and

iterate(hlp, v1, ve, exrprs, o, 5/)

{I[[exprg]](a, Blor —a]) , if §(hlp) = {x}
I[exprs] (o, 8") Jif B'(hlp) = X U {x} and X £ 0

where 8" = 3'[v1 — x, v — idterate(hlp,v1, ve, exprs, o, B'[hip — X])]
Quiz: Is (our) I a function?
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TeamMember

name : String
age : Integer

2% meetings

Meeting

participants

*

Location

title : String
numParticipants : Integer
start : Date

duration: Time

move(newStart : Date)

@ context TeamMember inv: age => 18

® context Meeting inv: duration > 0

name : String

((C) Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008,
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