- 03 - 2016-10-27 - main -

- 03 - 2016-10-27 - Scontent -

Software Design, Modelling and Analysis in UML

Lecture 03: Object Constraint Language

2016-10-27

Prof. Dr. Andreas Podelski, Dr. Bernd Westphal

Albert-Ludwigs-Universitat Freiburg, Germany

Content

e The Object Constraint Language (OCL):
Syntax
e Running Example
e Overview
e Expressions
® Notational Conventions
(“.” (OCL-Dot) and “->" (OCL-Arrow))
e Constants & Arithmetics
e Iterate
e Context

® More Notational Conventions

‘e The Running Example Revisited

¢ “Not Interesting”
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(Core) OCL Syntax OMG (2006)
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Overview

expr i= w
| expr,=r,expr,
| ocllsUndefined, (ezpr;)
‘ {emprlv e 7exprn}
| size(expr,)

| alllnstancesc

| v(eapry)

| r1(ezpry)

| r2(expry)

| true, false

| not ezpr,

| expr, {and, or,implies} ezpr,
| OclUndefined,

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

context ::= contextwy : 11, ..., wn : Ty inv : expr

°
g
3

3/24

:7(w)
: T X T — Bool
: 7 — Bool

ST X oo X T = Set(7)
: Set(r) — Int

: Set(1c)

7 = 7(v)

TC — TD

: 7c — Set(p)

: Bool

: Bool — Bool

: Bool x Bool — Bool

. T

: Set(m0) = Ty

: Bool
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Recall: Vending Machine Structure

Nat
% = ({Bool,Frfl}, { VM, CP, DD},

{¢p: CP,,dd : DDy 1, wen : Bool, wis : Nat},
{VM  {cp,dd}, CP — {wen,dd}, DD — {wis})

Claim: this is a proper OCL constraint over .7

context CP inv:

9?‘3 't"?H: z-)i?—ﬂsm(
e & o(T)IVETR) L,
R a 0(8,0(8)) X (wt wel-bpe

S'Raa
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Plan
expr = w

7/£,L | expr,=r,expr,

| ocllsUndefined, (ezpr;)

| size(expr,)

| alllnstancesc

| v(expry)
| r1(expry)
| r2(expry)
| true, false

24 | not expr,

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

| OclUndefined,

.3/£f { | expr,->iterate(ws : Tt ; wa : To = expr, | expry)

o

context ::= contextwy : 11, ..., wn : Ty inv : expr
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dd

16 OLDENBURG

wen implies dd . wis > 0
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:7(w)
: T X T — Bool
: 7 — Bool

ST X - X T — Set(T)
: Set(r) — Int

: Set(1c)

7 = 7(v)

TC — TD

: 7c — Set(p)

: Bool

: Bool — Bool

: Bool x Bool — Bool

LT

: Set(m0) = Ty

: Bool
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OCL Syntax 1/4: Expressions
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Where, given . = (7, €, V, atr),
e weW D {selfc:7c|C €€}

expr 1= is a set of typed logical variables,
w s 7 (w) Ta w has type 7(w)
— g

| expr, =, expr, %> _s Bool e Tisany typefrom .7 UTg UT¢
U {Set(r0) | 70 € T UTBUT%}

| ocIIsUndefinedT(emgrg) : 7 — Bool

e Tgisasetof (OCL) basic types,

| {expry, ... expr,} ST X oo X T = Set(7) in the following we use
| isEmpty(expr;) : Set(7) — Bool Ty = {Bool, Int, String}
i : Set(7) — Int ¢ T ={rc | C €%}
R
c : c

e Set(7o) denotes the set-of-7
type for o € Ts UT%

(sufficient because of “flattening”
cf. standard)).
]/ \

elepry), _ crey  where vipcan(@)re,

| r1(expry) P TC = TD where ri: Dg1 € atr(C),C,D € €,

| r2(expry) 1 7c — Set(tp) where ra: Dy € atr(C),C,D €.
C
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Expression Examples
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expr =
w 1 7(w) | size(expry) : Set(r) — Int
| expr,=:expry 1T X T — Bool | allinstancesc  : Set(7c)
IIsUndefined : 7 — Bool
| ocllsUndefined(expr,) :7 00 | v(espr,) : 7 = 7(v)
| {expry, ... expr, } PT X oo X T — Set(T) | 71 (expry) 1T — TD
| isEmpty(ezpr, ) : Set(1) — Bool | 2 (expry) i 7¢ — Set(Tp)

o= ({Int},{C, D} {x : Infyp: Cox,n: C.} {C v {p,n}, D = {a}})

o s v op(n (»‘,L’c-j) '7,

v e (seg) s bts S

v o (slt ) X (D) [ w4 ]

v p () Te— 7z ez (”(%)] Skl ) bt

v (sdfg) : Tz > M7 ¥
® vx(?(%g\) ‘C;qu('Q-) V4

3y [,;d(z.f“,,]
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Expression Examples
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expr =
w 1 7(w) | size(expry) : Set(r) — Int
| expr,=;expry 1T X T — Bool | allinstancesc  : Set(7c)
IIsUndefined : 7 — Bool
| ocllsUndefined(expry) :7 00 | v(eapry) : 76 = 7(w)
| {expry,....expr,} $T X o X T — Set(T) | 71 (expry) 1T — TD
| isEmpty(ezpr, ) : Set(7) — Bool | r2(expry) 1 7c — Set(Tp)

S = ({Int},{C,D},{x: Int,p: Co1,n:C.},{C— {p,n},D — {z}})

context CP inv: wen implies dd . wis >0

Notational Conventions for Expressions
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e Each expression

o ¥

w(erpry, exprq, ..., expr,) i Ty X « X Tp = T

may alternatively be written (“abbreviated as”)

o cxpry . w(expry,...,expr,) if 71 is an object type, i.e.if 71 € Te.

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

i.e.if 71 = Set(ro) forsomerp € Tp U Tw.
o Examples: ({Int},{C,D},{x: Int,p: Co1,n: Ci},{C > {p,n}, D {z}})
hxﬁ" :—‘: (
o selfc.p 4~ P atfy)
o self o .p.n g~r—> M(P(srlfc)\

° Wa isEn;fty I~ 555‘«{”5 (w(p(alﬁ-)]]

e context CP inv: wen implies dd.wis >0 (atr(CP) = {wen : Bool,dd : DDq,})

o 44
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OCL Syntax 2/4: Constants & Arithmetics
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For example:
erpr = ...

| true] false : Bool
| expry {and,or,implies} expry : Bool x Bool — Bool
| not expr : Bool — Bool
o] —1j1l-2)2(... : Int
| expry {+,—,...} expry : Int x Int — Int
| expri {<,<,...} expry : Int x Int — Bool
| OclUndefined, s

Generalised notation: (‘w{:x gl .fmv. )
expr == w(expry,..., expr,) STYX X Ty =T

withw € {+,—,...}
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Constants & Arithmetics Examples
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expr = ...
| true, false : Bool
| expry {and,or,implies} ezpr, : Bool x Bool — Bool
| not ezpr, : Bool — Bool
10,-1,1,-2,2,...  Int
| expry {+,—,...} expry : Int x Int — Int
| expr, {<,<,...} expry : Int x Int — Bool
| OclUndefined, 2 7

S0 = {Int},{C,D},{z: Int,p: Co1,n: C.},{C — {p,n}, D — {x}})

‘:'w.(ﬂ'q (l«l'th, 2 (UG(#},O))/

P ("1\3 (;“{) .9 ) !
OP ey, ll

carSA;c{d} /

|

—_—— —

v
context CP inv: wen implies dd . wis >0
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OCL Syntax 3/4: Iterate
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expr == --- | expr,->iterate(wy : Ty ; we : To = expry | exprs)
or, with a little renaming,
expr := - - | expry->iterate(iter : T1; result : To = expry | exprs)

where
e expr, is of a collection type (here: a set Set(7) for some 7q),

o ster € W is called iterator, of the type denoted by T}
(if Ty is ogitjg&c’i, 7o is assumed as type of iter)

o result € W is called result variable, gets type 7, denoted by 75,

e ezpr, in an expression of type 7 giving the initial value for result,
(OclUndefined,, if omitted)

e expr, is an expression of type 72,
in particular iter and result may appear in ezprs.

Iterate Example
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8
. = ({Bool, kr#}, { VM, CP, DD},

{¢p: CP,,dd : DDg 1, wen : Bool, wis : Nat},
{VM — {cp,dd}, CP — {wen,dd}, DD — {wis})

OLDENBURG

expr = expr,->iterate(w; : Th; wa : T> = expr, | exprs)

‘ Der o ves : = ides, oled . wi
o Cf ("4’\/#) ‘)l"ﬂl‘k (‘:{:‘:; ves: [t =20 | res + des %:”S%’
: St (Tep) *Tee bt €y

s ep (o) ok (e, 10 Bt =] res sl -0 )
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Abbreviations on Top of Iterate
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expr = expr,->iterate(w; : Th; wa : T> = expr, | exprs)

o expry->forAll(wy : TT | expry) (“ \7/‘,‘)' EOPl, ® s ﬁ)

is an abbreviation for

expry ->iterate(ws: Th; wa : Bool = true | we and exprs).

o expr,->Exists(w : ¥7 | expry)

is an abbreviation for

(y(,—)ﬂ«uﬁ,(w:'l:,- wz=&>/=7(‘4t)‘dz orc}flg)

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

Recall: Overview
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expr i= w
| expr,=r,expr,
| ocllsUndefined, (ezpr;)
‘ {emprlv e 7exprn}
| size(expr,)

| alllnstancesc
A —

| v(eapry)

| r1(ezpry)

| r2(expry)

| true, false

| not ezpr,

| expr, {and, or,implies} ezpr,
| OclUndefined,

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

context ::= contextwy : 11, ..., wn : Ty inv : expr

:7(w)

: T X T — Bool

: 7 — Bool

ST X oo X T = Set(7)
: Set(r) — Int

: Set(7c)

7 = 7(v)

TC — TD

: 7c — Set(p)

: Bool

: Bool — Bool

: Bool x Bool — Bool

. T

: Set(m0) = Ty

: Bool
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More Iterate Examples
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At
% = ({Bool, ¥Fm}, { VM, CP, DD},
{¢p: CP,,dd : DDy 1, wen : Bool, wis : Nat},
{VM  {cp,dd}, CP — {wen,dd}, DD — {wis})

OLDENBURG

expr = expr,->iterate(w; : Th; wy : T> = expr, | exprs)

ol lustomces o > ihontes (P, s 2Bl = o |
res ““’/ (‘V(P Wen l'me-'O.{ %P#‘M >O)

dll sbowcs > fokbl (o | ol o opls fop . LL s >0)

Ol

oot (P v - W eples dol.cns >0

OCL Syntax 4/4: Context
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Syntax: (Assuming signature . = (7, %, V, atr).)

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

where T; € € and w; : 7, € Wforalll <i<mn,n>0.
N

Semantics:
context wy : C1,...,wyn : Cypinv : expr

is (just) an abbreviation for

allinstancesc, ->forAll(w: : ffc, |

n |

alllnstancesc,, -> forAll(w, : #c

expr

16724
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Context: More Notational Conventions
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e For
context self : T inv : expr

we may alternatively write (“abbreviate as”)

context 1" inv : expr

o Within the latter abbreviation, we may omit the “self” in expression ezpr, i.e. for

context 1" inv : self.v

(which is an abbreviation for  context 7" inv : v(self) )

we may alternatively write (“abbreviate as”)

context 1" inv:v

18/24

The Running Example
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context CP inv: wen implies dd . wis >0

LM-&J({ SC#‘:CP%"V.- wree -'zf(‘v . NS S0

cmj«é J'3.[/':[_;3 é:}w-. Jggl'.un,. :‘.efl'fs seff.aé/.m'-. >0

alh«bnww-vwgq{ | st toee implics sv{(.a(/.m&n)
—e— kel )
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Recall: Overview

erpr = w

| expr,=r,expr,

| ocllsUndefined, (ezpr;)

| size(expr,)

| alllnstancesc

| v(expry)

| r1(expry)

| r2(expry)

| true, false

| not expr,

| expr, {and, or,implies} ezpr,
| OclUndefined,

| expr,->iterate(wy : T ; wa : To = expry | exprsy)

context ::= contextwy : Ty, ..., wn : Ty inv : expr

“Not Interesting”

Among others:

e Enumeration types

o Type hierarchy

o Complete list of arithmetical operators

e The two other collection types Bag and Sequence

o Casting

Runtime type information

e Pre/post conditions
(maybe later, when we officially know what an operation is)

andkek £ pre: g,
Pt ey
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:7(w)
: T X T — Bool
: 7 — Bool

ST X - X T = Set(7)
: Set(r) — Int

: Set(1c)

7 — 7(v)

TC — TD

1 7c — Set(p)

: Bool

: Bool — Bool

: Bool x Bool — Bool

LT

: Set(m0) = Ty

: Bool

20724
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