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OCL w\:mmx 4 g-mmc_‘m Wh 7= (T )
The Task W () s of s

les, w has type 7(u)

jogical v

mlw) « s any type from 7T UTe

™€ TrUTe}

eapry %7 — Bool

| oclisUndefined, (ezpr,) : 7 — Bool

Txex T = Set(r)
| isEmpty(eapry) Set(r) — Bool

| size(eapry) (7) — Int

cesc Set(re)

st

1)
Hattening’ (cf. tandard)
« it € air(O). ) € 7

| ralexp

1D € atr(O),
scpew

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

: I[-1(-, ) : OCLEapressions(:#) x % x (W — (7 UTs UTe)) — I(Bool)

such that
I[ezpr](o, B) € {true, false, L poo}. < T(Bool)
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Contents & Goals

Last Lecture:

« OCL Syntax

is Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
« What is an object diagram? What are object diagrams good for?
an object diagram called partial? What are partial ones good for?
an object diagram an object diagram (wrt. what)?
o 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

= OF1 - rancictann catichiahiling

Basically businessas usud...

. define function

(i) Equip each OCL (!) basic type with a reasonable domain
Iwith dom(1) = Tp

e. define function

Equip each object type 7¢ with a reasonable domain,
Lpith dom(7) =7
) determined by structure 7 of .).

(most reasonable; /(i
. define function

Equip each set type Set(7o) with reasonable domain

fpith dom(1) = {Set(m) | 70 € T UTic}

(iv) Equip each with a P
(that is, with a function operating on the corresponding domains),

fith dom(1) = {+,—,<,... }, exg., I(+) € I(Int) x I(Int) — I(Int)

(v) Set operations si

far: [guith dom(1) = {isEmpty, ... }

. define function

with a P .

(vi) Equip each
Ly Bapr x £ x (W — I(7 U Tk UTe)) — I(Bool)

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

OCL Semartics [OMG, 2006

(i) Domains of Basic Types (o} ocz)

Recall: ‘s 1
o Tp = {Bool, Int, String} nv\t ot =k kt.\uim
Nondnfnad”

We set: \ \

o I{Bool) := {true, false} O { L poot}

o I(Int) :=ZU{ L}

o I(String) := ... U {Lstring}

R fuile equnces of chamekis

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



(i) Domains of Objed and (iii) Set Types

« Now we need a structure 2 of our signature ' = (7, %, V, air).

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

(iv) Interpretation o Arithmetic Operations

>\r?$
._.mnm;_ma%szxmﬁ_s__mm

AL 2visj
3

(iv) Interpretation o OcllsUndefined

« The is-undefined predicate (defined point-wise for z € I(r)):

Itrue) e I(false) := false,  1(0):=0, I(1):=1,...

true ,ifx =1,

1(OelUndsfined.) = 1o € H.«/Q
Tare
« Boolean operations (defined point-wise for 71, € I(7)):

I(oclisUndefined.) () := ﬁ false , otherwise

vIes

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

© We set true ifar# Ly £ a2 and a1 = a2
Jfre) = 2(C) U{Ll} I(=r)(x1,22) = { false , if 21 # L, # 2 and 71 #
Lpoot , otherwise
A . « Integer operations (defined point-wise for 1,72 € I(Int)):
o Let 7 be a type from 15 U T garst o cibar o AL Ao
I(+)(x1,22) := .
« We set €L , otherwise

J(Set(r)) = 21 U {Lgeyny}

Note: There is a common principle.
Namely, the interpretation of an operation w : 71 X ... 7 — T

Nate: in the OCL standard, only finite subsets of /(). % isafunction F) 1) xT(7) = 1(7) on corresponding semantical domain(s).

But infi

y doesn't scare us, so we simply allow it. g

(v) Interpretation o Set Operations (vi) Putting It All Together Valuations of Logical Variables

Qm&\n_m.mqw
« Recall: we have typed logical variables (w €) W, 7(w) is the type of w.

Basically the same principle as with arithmetic operations...

Ix,uxd TexT>%lE)

!
Where, given .7 = OCL Syntax 2/4: Constarts, Arithmetical Operat

Let 7€ Tp UTg.
} ) i RS
« Set comprehension (z1,...,z, € I(7)):

(N, ) = e, 20}

For example: « By 3, we denote a valuation of the logical variables, i.e. for each w € W,
Bw) € I(r(w)).
R. W— U T(z@)
wew

(w)

7 = Bool

7 Boo

Txxr s Set(r)

(7} — Hoo

for all n € INy

o Empty-ness check (z € I(Set(r))):

Generalsed notat

W= f X bt o 7 f
true ,ifx=10 .

LR : Twe) v TC
I(isEmply™) () == { Lpoor if 2= Lger) withw € (oo} pt= vEE
false , otherwise ! E
OCL Syntax 3/4: Iterate oL St Comox 3 o AL)<2F €T(t) o fylel=Lus
Y o folothe) <t eTte) -Décluts] | * B = Le,

expr =

« Counting (z € I(Set(r))): .\?bi.@
AN ?..NnJvAH

= ey

|z] if £ # Lser(r) and L gy otherwise

st -y = expry | expry)

1072 112 1 12/




(vi) Putting It All Together... T .&m&xwaSLk,.n%elv
e

folee,
expr = w | w(eapry, ..., expr,,) | alllnstancesc | v(expr,) | r1(eapr,) Lep

| ra(eapry) | expr,->iterate(vy : 71 5 vz : T2 = expry | eapry)
o ITul(0, ) = (50w)
o Heapry, . eopr,)](0,) = 16 (TEopuIG B, ., TEoe (e, )
« I[allinstancesc] (0, 3) := dow () n D(C)

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

Again: doesn't scare us.
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Felft, Glasd, £0D5, L &, L €, ke, G, T2 den, oL 1,
Drict)
DOt)= 2, Dlcobw) = Fred grean, boc}
P DT P A ) $20, 843,088,
2k iwh i, (w0, cas3,
3e B §us b $kd, Lpg, (35
Sp b ten badd
. : 3 T
?%PW.NM& o ﬂ.Mw
« T c(3)3(52,6,) = o5 ia, TT300es, 25>
© TCcG)-dUe.62) < e
o L) D(ey, fo) = 126G}
s TC (s () D(o3,8,) =9, TCos(u)Wezfel>fe

e TLc(ms(p Nz, Bo) = L, , TCwG(af)= 1,

- (6,i0.23,0,0)

. 5,8 0, k8, Uend o2}

o W= xe I, cized

o Pa= Sers i, c 3} )

o T Colllostonesy B0, 8= danlela®@) {53 (x/

o TC sre (Whshoran) 3y, 4,) (T (52) (TE llesbcn 3 (5, )
haal = (72))(1SD3) = 1353 )= f  Go¥)
R Ry ay. of Tize)
CIE x> s (alishanus, )56, )= G0N (T0e, ), T s Colisbeses) 6o )
S(x, size (sblsbuiwsy)) =Z0G1 (b, 1) ./HQSE
[ > .
Fiba ka1 Tt

et K2 RO
L ofbuanie

.HH?«f ohuncesy )~ 1)8055, 8.5 = Ly \i: * el

HW&F? =Tl =7e ICht)

(vi) Putting It All Together...

i Fo He et
) aiRP oxps, (i, udet)

eapr = w | w(eapr,,, < eapr,,) | allinstancesc | v(eapry) | ri(expr,)

| r2(eapry) | expry->itofate(vy = 7y 3 va : T2 = eapry | eapry)

gl .u.uw sﬂes{oi assy- m\ Ve
n? walue s
. %%:-v_ﬂmagw,\_ T1 U2 T2 = eapry | eapry)](o, 8) s Ew.,? &y ey,
(4
_..MJMGM? _ [tlewri)o.0) i Ifezpry](0,8) = 0
wp ﬂ]./:as::%,?? expry,0.(3') , otherwise
v

where 8' = Blhlp — I[expr,] (o, 8), uz — I[eapry](o, 8)] and
o iterate(hlp, vi, vz, expry, o,

p rnnmé«\ J&Mxx
P
_ [Hlewr )8l ) 80 = 2y
T ULeaprs](o, 8”) Lif B'(hip) = X U {x} and X # 0

where 3" = §[v1 — @, v +— iterate(hip, vy, va, capry, o, 3 [hlp —
Sk

weo Wi is  ediey
Up ittt X
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(vi) Putting It All Together...

capr = w | w(eapr,, ..., expr,) | allinstancesc | v(eapr,) | r1(eapr,)

| raeapr,) | expr,->iterate(vy : 71 5 va : T2 = eapr | eapr)

Assume capr, : 7¢ for some C € €. Set uy := ITeapr (0, B) € D(rc).

. et i pedom )
o Iv(expry)](o, B) = %Fﬂ ! shansise.

el JHH 1 edon ) ol oG8
:..:2

1 4
- Hra(espr)1(o.5) = “ olollw) t wedon )
L.K»HC ,otharnse
(Recall: o evaluates r; of type C. to a set)

(vi) Putting It All Together...

abe:t..N viT

eapr = w | w(eapry, ..., ezpr,) | allinstancesc: | v(eapr) | 71 (eapr,)

| r2(eapry) | expri->iterate(vy : 71 ; va : T2 = eapr, | expry)

o I[eapr,->iterate(vy : 71 ; v2 : T2 = expr, | eapry)](o, 3)
_ Jlewpra)(o.5) L if Ileapry](o, 8) = 0

" \terate(hlp, v1,v2, expry,0,3') , otherwise
where ' = Blhip — I[eapr, (o, 8), v2 — I[eapr,]

o iterate(hip, vy, vz, expry, o, ')

[ 1empral(o.
T Uleaprsl(o,

,0)] and

' (hip) = {x}
Jif 8'(hlp) = X U {a} and X #0

where 3" = §'[v1 > @, vs 1> iterate(hip, v1, v, eapry, o, 3 [hip — X])]

Quiz: s (our) I a function?

1302
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Example

art: Dot
duraton: Tine

© context Teanlember inv: age => 18

© context Meeting inv: duration > 0

1470
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