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Lecture 03: Object Constraint Language

Overview

expr =

context =
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w
| ezpry=rezpry

| ocllsUndefined. (ezpr, )
| {expry.....cxpr,}

| size(ezpry)

| allinstancesc:

capry)

| ri(expry)

| ra(eapry)

| true, false

| not expr,

| ezpry {and, or, implies} ezpr,
...

| OclUndefined,

| expr,->iterate(ws : Ty ; wa : Ty = eapry | ezprs)

context wy : T, ... wn : Ty inv : expr

(w)
™ x 7 — Bool
™ — Bool

Tx e x T = Set(r)

: Set(r) — Int
: Set(tc)

10— 7(v)

1Tc = TD

i7c = Set(7p)

: Bool

: Bool — Bool

+ Bool x Bool — Bool

0T

: Set(r0) — 71y

: Bool
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o The Object Constraint Language (OCL):
Syntax
« Running Example

« Overview
Expressions

 Notational Conventions
(" (OCL-Dot) and “->" (OCL-Arrow))

Constants & Arithmetics

 More Notational Conventions

(s The Running Example Revisited

o “Not Interesting”

Recall: Vending Machine Structure

At “,

. = ({Bool,Fmd}, { VM, CP, DD},
{cp: CP..,dd : DDq 1, wen : Bool, wis : Nat},
{VM  {cp, dd}, CP ~ {wen, dd}, DD v {wis})

Claim: this is a proper OCL constraint over .&:

context CP inv: wen implies dd . wis >0

o Tl Txemel
& lo(T)IVED) .
Ba ks o@D X Ll wtotpd)
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(Core) OCL Syntax OMG (2006)

Plan

expro={[ w

| expry = expr,
" | ocllsUndefined. (ezpr, )

| {expr,.....capr,}
| size(expry)
| allinstancesc:
| v(expry)
7 :ngﬁi_v
| ra(eapry)
| true, false
U4 | not expry
| expry {and, or, implies} expr,
|
| OclUndefined
3§ | copry->iterate(wn Ty s wa  To = eapry | expry)

e

context := contextwy : Th, ... wy : Tpinv: expr

s 7(w)
77— Bool

i 7 — Bool
7 x T Set(r)
: Set(r) = Int

: Set(rc)

17e = 7(v)

iTc =D

1 7c — Set(7p)

: Bool

+ Bool — Bool

: Bool x Bool — Bool

: Set(ro) = Ty

: Bool



OCL Syntax 1/4: Expressions

Where, given ' = (.7, %, V, atr),

cweW D {s 10| Ceb}

eapr = is a set of typed logical variables,
w w has type 7(w)

— e « risanytypefrom 7 UTy U Ty

| capry = eapry
L, TXT S U{Set €7 UTpUTe
| oclisUndefined.. : {Set(m) | 70 5UTe}
« Tpisasetof (OCL) basic types,
| {eapry,...eapry}  imx o X T — Seb(r) in the following we use
| isEmpty(ezpr, ) : Set(r) — Bool T = {Bool, Int, String}
| size(expry) : Set(r) - Int © Te ={rc|C €€}
" is the set of object types,
7 alllnstancesc  Setlrc) o Set| denotes the set-of-7

type for o € T U T
(sufficient because of “flattening”
(cf. standard)).

llempry),  ireop  whee vipean(C)re

| rilexpry) 1TC =T where Do,y € atr(C),C,D €%,
| r2(eapry) s 7c — Set(rp) where ra: D € atr(C),C,D €.

g e et

Tns

Notational Conventions for Expressions

+ Each expression

may alternatively be written (“abbreviated as”)

o eapry . w(exprsy, ..., expr,) if 7y is an object type. ie.if 11 € Tip.

(expry, ... expr,) if 71 is a collection type (here: only sets).

o expry =>
ie.if 11 = Set(ro) forsome 7o € T U T

+ Examples: ({/nt}, (C. D). {i: Int.p: Cotom: -}, (C o {pun). D {2}

o e T e o)
o selfe.pon g wlp(slfe)
o self . p.n ->isEmpty An~t> isGinghy ?C\{\«x\

CE T2

oo w
o context CP inv: wen implies Ewea >0 (atr(CP) = {wen : Bool, dd : DDy 1})

woun

Expression Examples

eapr =
w s 7(w) | size(eapry)  : Set(r) - Int

= expry :7 X 7 — Bool | allinstancesc:  : Set(rc)

| ocllsUndefined. (ezpr;) : T — Bool | v(eapry) 70 = 7(v)
eapry, ... epr, } 1T XX T Set(r) ri(espry) 70 = 7D
| isEmpty(ezpry) : Set(r) - Bool | 72(eapry)  :7c - Set(ro)

Fo = ({Int}, {C.D}. Az : Infyp: Coa,n: Cu}.AC = {p,n}, D = {z}})

ol G Y 'wmr\u&\m: _N\
(s b EE

..St
< Golt) X e o [
v lee) e o5z (n(off )] : Setbec) > b

v n(sdle): Ty > selTe) v
o (o) oz o Stler) v
—

?&m.?L

OCL Syntax 2/4: Constants & Arithmeti

For example:
expr n= ...

| true] false : Bool
| eapry {and, or, implies} eapry : Bool x Bool — Bool
| not expr, : Bool — Bool
[ o) —1f1l—2)2f... s Int
| expry {+,~,...} expry : Int x Int — Int
| eapry {<,<....} eapry : Int x Int — Bool
| OclUndefined, T

Generalised notation: (pedte nowme! i )

expr w(expry,. .., expry,) ITIX X Ty T

withw € {+,—,...}
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Expression Examples

eapr =
w s (w) | size(eapr,)  : Set(r) = Int
| expr, = expr, 7 x 7 - Bool Instancesc  : Set(rc)
I fi - :
| oclisUndefined. (ezpry) : 7 — Bool | o(ezpry) oo (0)
| {ezpry.....eapr,} iTx X7 Set(r)  |mi(eapry) o7
| isEmpty(eapr,) : Set(r) — Bool |raleapry)  :7c - Set(rp)

Fo=({Int},{C, D} {w < Int,p: Co,n: O} A{C = {p,n}, D = {z}})

context CP inv: wen implies dd . wis >0

Constants & Arithmetics Examples

eapri= ...
| true, false : Bool
| ezpry {and, or, implies} expry : Bool x Bool — Bool
| not ezpry : Bool — Bool
| 1,1,=2,2;... : Int
| eapry {+, ...} eapry 2 Int X Int — Int
| ezpry {<, <, ...} expry : Int x Int — Bool
| OclUndefined, T

Sy = ({Int},{C, D} {w : Int,p: Coa,n: C}{C = {p,n}, D = {a}})

el (ern, > ?&«.EA;
\ > (i) 0) 1
| ot
_ z\w«ty \
_

4

v 4
context CP inv: wen implies dd . wis >0 4




OCL Syntax 3/4: Iterate

eapr = -+ - | eapr,->iterate(wy : Ty ;

or, with alttle renaming,

expr = --- | expr->iterate

where

o expr, isof a collection type (here: a set Set (7o) for some 7o),

o iter € W is called iterator, of the type denoted by T

d, 7 is assumed as type of iter)

o result € W is called result variable, gets type 72 denoted by 75,

o eapr, in an expression of type 7 giving th

[ value for result,

(OclUndefined.. if omitted)

. e

74 is an expression of type 72,

in particular iter and result may appear in eapr.

expr =

context =

Recall: Overview

w
| expry= exprs
| ocllsUndefined. (ezpr,)

Loeapr, )
| size(eapr,)

| allinstancesc
AR

| true, false

| not expr,

| eapr, {and, or, implies} expry
...

| OclUndefined,

| expr,->iterate(ws : Ty ; wa : Ty = eapry | ezprs)

context wy : T, ... wn : Ty inv : expr

Ty = eapry | exprs)

Ty = eapry | expry)

(w)
™ x 7 — Bool
™ — Bool

Tx e x T = Set(r)

: Set(r) — Int

: Set(re)

ire = 7(v)

110 =D

i7c = Set(7p)

: Bool

: Bool — Bool

+ Bool x Bool — Bool

T

: Set(r0) — 71,

: Bool

122
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Iterate Example

More Iterate Examples

Abbreviations on Top of Iterate

Naf
7 = ({Bool, knd}, { VM, CP, DD},
{ep: CP.,dd: DD Nat},
{VM v {cp, dd}, CP  {wen, dd}, DD > {wis})

eapr = eapr, ->iterate(wn : Tv; wy : Ty = eapry | eaprs) 7

: Bool, w

o expry->forAll(wi : 7 | ezpry) m,_ Y copt, o «_Axm.\

expr = expr,->iterate(wy : Ty; w : To = expr, | expry) 7 is an abbreviation for

expr, ->iterate(w:: Ti; wy : Bool = true | w2 and expry).

o (sih,) —>ikende (ibe 7 rese bt 20 | res v oMo wic )
Sk Cgr) ot ke Ty « capry->Exists(w T | expry)
" 2 N

.%A‘%.\le‘,*frmua\ 1es: Bool =Hau | tes anel vb.n?p

is an abbreviation for

g.(vufwkat T, Znﬂwi\-x.maw , ?cﬂcuw

To ensure confusion, we may again omit all kinds of things, cf. OMG (2006).

OCL Syntax 4/4: Context

"3 Syntax: (Assuming signature = (7, V, atr))
7 = ({ Bool ¥t} { VM CP, DD},
{ep: CP.,dd : DDy, wen : Bool, wis : Nat},
{VM 5 {cp, dd}, CP — {wen, dd}, DD r {wis})

context ::= contextwy : Th. ..., wp : Ty inv : expr

where 7, € ¢ and w; : 7r, € W forall 1 <i < n,n >0,
&L

expr, ->iterate(wy : Th; wa : Tp = expry | expry)

Semantics:
context wy : Ch, ..., wy : Cinv : eapr

is just) an abbreviation for
[ lustomees = tesnte (sl (®, s Bol = e | alllnstancesc, -> forAll(w, : We, |
o cp
s ael (WAfp. v iwplec selfp. oM s vov
alllnstancesc, > forAll(uw, :
llbddancs o = ot (Hp | sy o pbes top Lt 50) capr
||\/
couled (P v ¢ e inples dol. ois >0 ] )

16724 : 1754
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Context: More Notational Conventions

« Within the latter abbreviation, we may omit the “sel" in expression eapr,

“Not Interesting”

For

context self : T' inv : expr

we may alternatively write (“abbreviate as”)

we may altern:

Among others:

(whic

ely write (“abbre

« Enumeration types

Type hierarchy

Complete

is an abbreviation for

context 7" inv : ezpr

context 7' inv : self.v

te as”)

context T inv:v

t of arithmetical operators

The two other collection types Bag and Sequence

Casting

Runtime type information

Pre/post con

(maybe later, when we officially know what an oper:

et e e,

e oy

context 1" inv : v(self)

)

1824

The Running Example

context CP inv:

wen implies dd . wis > 0

¥

cowlext n\,?au Ve wte epl Gl S0

Rt?__ s self. . i >0

$

o 2l (P e se

¢

st p S Al o | s e ingls i 50 )
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Recall: Overview

| expr, = expry

| ocllsUndefined. (ezpr,)
| {eapr,.....capr,}

| size(expr,)

| alllnstancesc

| v(eapry)

| 71(eapry)

| ra(eapry)

| true, false

| not expr,

| expr, {and, or, implies} expr,
|...

| OclUndefined

| eapr,->iterate(w : Ty s wa : Ty = eapry | eapry)

conteat = contextwy : T, ... wn : Ty inv : capr

References

(w)

17 X T = Bool

: 7 — Bool

DT X e X T = Set(r)
: Set(r) — Int

: Set(re)

110 = 7(v)

ite =T

:7¢ — Set(rp)

: Bool

: Bool — Bool

: Bool x Bool — Bool

T
: Set(mo) = Try

: Bool

20724
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