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

- 03 -2016-10-27 - Scontent -

e The Object Constraint Language (OCL):

Syntax

—® Running Example
—e Overview
—(e Expressions
(® Notational Conventions
(“.” (OCL-Dot) and “->" (OCL-Arrow))
—e Constants & Arithmetics
—e lterate
—e Context

(® More Notational Conventions

—(e The Running Example Revisited

e “Not Interesting”

2/24



(Core) OCL Syntax OMG (20006)

3/24



Overview
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expr 1=

context ::=

w

| expr,=,expr,

| ocllsUndefined, (expr,)

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

| allinstancesc

| v(expry)

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

| not expr,

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

| OclUndefined,

| expr,->iterate(wy : Th ; we : 1o = expry | expry)

contextwy : Th, ..., Wn : Ty Inv : expr

: 7(w)

T X T — Bool

: 7 — Bool

:T X oo X T — Set(T)
: Set(1) — Int

: Set(Tc)

: e — 7(v)

cTC —7> TD

: 7c — Set(Tp)

: Bool

: Bool — Bool
: Bool x Bool — Bool

T

: Set(10) — Ty

: Bool
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Recall: Vending Machine Structure
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Nt dd
S = ({Bool, b}, { VM, CP, DD},
{ep: CP,,dd : DDy 1, wen : Bool, wis : Nat},
{VM — {cp,dd}, CP — {wen, dd}, DD — {wis})

Claim: this is a proper OCL constraint over .

context CP inv: wen implies dd . wis > 0

OLDENBURG

Shim T Wt T RT— Boof

T:';=$/D(T) ,V('i:.Ti) It
8.7 b 0($,0(3)) Xt oet-bpt )

5/24


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Plan
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expr == [ w : 7(w)
4/4' | expr,=-expr, : 7 X T — Bool
| ocllsUndefined; (expr;) : 7 — Bool
| {expry, ... expr, } :T X oo X T — Set(T)
| size(expry) : Set(1) — Int
| allinstancesc : Set(Tc)
| v(expr) :7c — T(v)
| 71 (expr) . TC — TD
L | 72 (expr) : 7c — Set(Tp)
| true, false : Bool
LY | not expr, : Bool — Bool
| expr, {and, or,implies} expr, : Bool x Bool — Bool
L | OclUndefined T
314 { | expr,->iterate(wy : Th ; we : To = expry | expry) : Set(to) — Tr,
q'!&contea:t i=  contextwy :T1, ..., wy : Ty Inv : expr : Bool
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OCL Syntax 1/4: Expressions
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expr =
w : 7 (w) -
— 8
L — —~—¢ ~ w

ETPT 1 —+ ETPT
|\‘p1 e

T X T — Bool
P 4

| ocIIsUndefinedT(ea:grg) : 7 — Bool

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

| alllnstancesc

:T X - X T — Set(T)

: Set(1) — Bool
: Set(1) — Int
: Set(7¢)

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

o we W D{self o :7¢ | C € €}
is a set of typed logical variables,
w has type 7(w)

e Tisany type from .7 UTp UTy
U {Set(To) ‘ 0 € I UTR UTcg}

e Tpisasetof (OCL) basic types,
in the following we use
Ts = {Bool, Int, String }

o T ={1c | C €%}
is the set of object types,

o Set(7o) denotes the set-of-7
typeformo € Tp U T

(cf. standard)).

2

v:1 € atr(C), T € T,

[ \\ -
jwle a:p’rl): PTC = T where
| 7“1(637]?7’1) . TC — TD where
| r2(expry) : 7o — Set(tp)  where
k_’——-"‘)
C —

r1: Do,1 € atr(C),C,D € €,
ro : Dy € atr(C),C,D € %.

f(sufficient because of “flattening”
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Expression Examples

- 03 -2016-10-27 - Soclsyn -

expr 1=

w 7 (w) | size(expr,) : Set(1) — Int

| expr,=rexpr, : T X T — Bool | allinstancesc  : Set(7¢)
lIsUndefined : 7 — Bool

| ocllsUndefined-(expr,) :7 00 | w(eapr) 10— ()

| {expry, ... expr, } :T X oo X T — Set(T) | 71 (expr) . TC — TD

| isEmpty(ezxpr,) : Set(1) — Bool | 72 (expr) : 7o — Set(Tp)

= ({Int},{C, D}, {z : Infyp: Coa,m: O} {C = {p,n}, D = {z}})

o self5: T v op(n (BOQ" )) l}

o 0 (sdg) s Wto 7 t; S%rl;) K

o o (xlh ) X pe(®) [ kg n%]

o f(ﬂ{:C)’ Tz—7T¢ / & e [‘4()‘4!—)) =)~ bt
® h(SfI{E): -52_.,_)59[;['55) o

© V\(?(Vdéé'\) "Cg'-asdéc—'g) v

“-——
"¢ [,;dg’;.?.,,}
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Expression Examples
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expr =
w 7 (w) | size(expr,) : Set(1) — Int
| expr,=rexpr, : T X T — Bool | allinstancesc  : Set(7¢)
lIsUndefined : 7 — Bool
| ocllsUndefined-(expr,) :7 00 | v(eapr) 10— ()
| {expry, ... expr, } :T X oo X T — Set(T) | 71 (expr) . TC — TD
| isEmpty(ezxpr,) : Set(1) — Bool | 72 (expr) : 7o — Set(Tp)

S0 = ({Int},{C,D},{x: Int,p: Co1,n:Ci},{C — {p,n},D — {x}})

context CP inv: wen implies dd . wis > 0
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Notational Conventions for Expressions
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e Each expression

— 1%
o
< )
w(erpry, expro, ..., expr, ) T1 X <+ X Ty — T
may alternatively be written (“abbreviated as”)
o expry . w(eibp’l“Q, Ceey ea:prn) if 71 is an object type,ie.if 11 € T.
e expr,y -2 w(expTQ, Ceey ea:prn) if 71 is a collection type (here: only sets),

i.e.if 1 = Set(rg) forsome g € Tp U T.

o Examples: ({Int},{C,D},{z: Int,p: Co1,n: Cy},{C — {p,n}, D~ {z}})
s,

A ey,

o self ~ F&V\,—P P(S/\CC)
o self o .p.n frr— Vt(p(sdk)\
o W—MsEmpty I~~~ 53&‘6{:"‘3 (vn (p(wfﬁ»)]]

Cga w
e context CP inv: wen implies dd.wis >0 (atr(CP) = {wen : Bool,dd : DDy 1})

$

W (44)
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OCL Syntax 2/4: Constants & Arithmetics
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For example:

expr =

true| false

expr, {and,or,implies} expr,
not exprq

0] —1j 1] —2J2[. ..

expry {+,—,...} expr,
expry {<,<,...} expr,
OclUndefined,

Generalised notation: (?H(\'x noxwma! -frvk«)

expr = w(expry,...,expr,)
withw € {+,—,...}
142 4~=4+(1,2)
Y e~
w . O,

: Bool

: Bool x Bool — Bool
: Bool — Bool

: Int

: Int X Int — Int

: Int X Int — Bool
DT

CTL X s X Ty — T

10,24
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Constants & Arithmetics Examples
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expr 1=
true, false : Bool
expry {and, or,implies} expr, : Bool x Bool — Bool
not expr, : Bool — Bool
0,-1,1,—-2,2, ... . Int
expry {+, —, ...} expry . Int x Int — Int
expry {<,<,...} expry : Int x Int — Bool

| OclUndefined; T

o = ({Int},{C,D},{z : Int,p: Co1,n: C},{C — {p,n},D — {z}})

\i'u«([,:g (Nth’ P (U'G(;C(},O))/

\ > (ws(u), a) 1
| T o }I
| s (et /

| ? 1
3 ,

J /
context CP inv: wen implies dd . wis > 0 ]
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OCL Syntax 3/4: Iterate
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expr = --- | expry->iterate(wy : T ; wo : Th = expr, | exprs)

or, with a little renaming,

expr = --- | expr,->iterate(iter : T1; result : Ty = expry | expry)

where

expr, is of a collection type (here: a set Set(7y) for some 79),

iter € W is called iterator, of the type denoted by T}
(if 77 is omitted, 79 is assumed as type of iter)

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

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

expr is an expression of type o,
in particular iter and result may appear in expr.

12/24


westphal
Bleistift


Iterate Example
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Naf
7 = ({Bool, br#}, {VM, CP, DD},

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

W

|
H OLDENBURG
t

[EE =

:

[—
]

L

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

o Cf ( s‘é{"\/b) —)ﬂ&mlc ( iLr;- ves: € =0 | res + (iLf.aUJ-\wli
i T - A~
;yt(fcf) :-CCf ,)Ua{e ?;

e C.f(»ﬁf\/p,)——)iM(del- M&,/=M/ fes aincl h‘/,(dﬂ-
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Abbreviations on Top of Iterate
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expr ::= expr,->iterate(wy : Th; we : T = expr, | expry)

\ r
o expr,->forAll(w: : T | expry) (\ quéf)f‘/a ® exply /

is an abbreviation for

expr,->iterate(wy: T1; wa : Bool = true | we and exprs).

o expr,->Exists(w : ¥ | expr)

is an abbreviation for

gt > kit (0T Bl = e ) oy o O )

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

14/24
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Recall: Overview
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expr 1=

context ::=

w

| expr,=,expr,

| ocllsUndefined, (expr,)

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

| alllnstancesc
NN

| v(expry)

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

| not expr,

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

| OclUndefined,

| expr,->iterate(wy : Th ; we : 1o = expry | expry)

contextwy : Th, ..., Wn : Ty Inv : expr

: 7(w)

T X T — Bool

: 7 — Bool

:T X oo X T — Set(T)
: Set(1) — Int

. Set(rc)

: e — 7(v)

cTC —7> TD

: 7c — Set(Tp)

: Bool

: Bool — Bool
: Bool x Bool — Bool

T

: Set(10) — Ty

: Bool
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More Iterate Examples
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= A

=

. =

% = ({Bool,kmd},{ VM, CP, DD}, s =
{ep: CP,dd : DDy 1, wen : Bool,wis : Nat}, WA

{VM — {cp,dd}, CP — {wen, dd}, DD — {wis}) N )

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

Al b, > ot (i P,y Bt o |
nes d—“’/ <5‘vcp Wen l‘mPL'-'S S‘G%FGL(U\S '>O)

all estomcss a%&u/wﬂfcpl%,,,w ples  Hfp L s >0 )
I

e (P v s iwples dd. s >0

O
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OCL Syntax 4/4: Context
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Syntax: (Assuming signature .’ = (7,6, V, atr).)

context ::= context wy : 141, ..., wyn : Th inv : expr

where T; € ¥ andw; : 70, € Wforalll <i <n,n > 0.
ONA-

Semantics:
context wy : C1,...,w, : Cpinv : expr

is (just) an abbreviation for

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

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

n |

expr
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Context: More Notational Conventions
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e For
context self :I" inv : expr

we may alternatively write (“abbreviate as”)

context 7' 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 T inv : v(self) )

we may alternatively write (“abbreviate as”)

context 7" Iinv : v

18/24



The Running Example

context CP inv: wen implies dd . wis > 0

cowkext sc/{:cP v bt uepl M S 20

CWM x#‘ ’”[’P I/'ﬂ/'. Jcsz. Wee l’A{Z’ws S‘é[. dé/ o DO
3
ajllm’/?uédcp - ,Q,Aﬁ/:# } self tren  tmplics sl dot. i >o)

¢
—o— kg )
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Recall: Overview
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expr 1=

context ::=

w

| expr,=,expr,

| ocllsUndefined, (expr,)

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

| allinstancesc

| v(expry)

| 1 (expry)
| r2(expr)
| true, false

| not expr,

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

| OclUndefined,

| expr,->iterate(wy : Th ; we : 1o = expry | expry)

contextwy : Th, ..., Wn : Ty Inv : expr

: 7(w)

T X T — Bool

: 7 — Bool

:T X oo X T — Set(T)
: Set(1) — Int

: Set(Tc)

: e — 7(v)

cTC —7> TD

: 7c — Set(Tp)

: Bool

: Bool — Bool
: Bool x Bool — Bool

T

: Set(10) — Ty

: Bool
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“Not Interesting”
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Among others:

Enumeration types

Type hierarchy

Complete list of arithmetical operators

The two other collection types Bag and Sequence
Casting

Runtime type information

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

cwkzé £ pre: & o
st e,
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