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Contents & Goals
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Last Lecture:

e Basic Object System Signature . and Structure &, System State o € E?;

This Lecture:

e Educational Objectives: Capabilities for these tasks/questions:

Please explain this OCL constraint.

Please formalise this constraint in OCL.

Does this OCL constraint hold in this system state?

Give a system state satisfying this constraint?

Please un-abbreviate all gbhreviations in this OCL expression.
In what sense is OCL a three-valued logic? For what purpose?
How are Z(C') and T related?

e Content:

OCL Syntax

OCL Semantics (over system states)
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Recall. . .
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A Complete Example: Vending Machine
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context DD inv : wen implies win > 0
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(Core) OCL Syntax OMG (20006)
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OCL Syntax 1/4: Expressions — \where. given . = (Z.C.V, atr),
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o WD {selfo:17¢|C € F}
is a set of typed logical variables,

CXPT 1= w has type 7(w)
W /H) e 7 is any type from J UTg U Ty
U {Set T JTgUT:
W:Texprz v : T X T — Bool {Set(mo) | o € 5UTe)
ocllsUndefined (expr,) :7 — Bool * T is a set of (OCL) basic
ST types, in the following we use
O m— — y

{expry,...expr,} 7 X---x T —= Set(r) Ts = {Bool, Int, Strfmg}
_ o Ty ={1c | C € €} is the set
isEmpty(expry) : Set(T) — Bool of object types,

size(exprl) . Set(*r) — Int ° Set(TO) denotes the set-of-1g

type for 1o € T U T
alllnstancesg : Set()TQ> (sufficient because of
-

—_—— N = “flattening” (cf. standard))
v(expry) :7¢ — T(v)
= o v:T(v) €atr(C), Tv) € 7,
ri(expry) : TC — TD 7 A
o r1: Doy € atr(C),
ro(expry) 70 — Set(tp) © e
o r9: D, € atr(C),

e U,DeEF.
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Expression Examples

P

ta
D
%@P =

expr 1=

0 w : 7 (w) size(expry)  : Set(r) — Int @

@ | expri=rexpry : T X T — Bool allinstancesc  : Set(7¢) &

® | ocllsUndefined;(expr;) :7 — Bool ol 70— 7(v) @

® | {expry, ... expr,} 7 x - x 1 — Set(r) | ri(expry) 70> @

® |isEmpty(ezpr;) : Set(1) — Bool | ra(expr) :TO — Set(n;)(@
.Y St /Y /=

0= {Int},{C,D},{x: Int,p: Cy1,n:C,},{C — {p,n},D — {z}})
o selfy: Ty N @
o dlhishces, D (Wt §E)

— 03 — 2014-10-29 — Soclsyn —

o allhshacesy : St () G

. g‘i(,(q],(,ms';""%>.‘ lut @
é alllu\s"rmasd = o\/(knsvlmas& l\,/@

S

o x (wlf,) YO xgan(¢)
7 ek 3

(Pl
o m(ﬁ(id):&i@(rc) by
,,((sd%\s lné ks

- (.df—:,,\ = s (n (ad{d\)
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Expression Examples
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ETPT 1=
w

eTpT|{ =1 €TPT9

iIsEmpty(expr;)

ocllsUndefined,(expr,) :7 — Bool

: 7(w) size(expry)
. T X T — Bool alllnstances~

v(expry)

{expry,....expr,} 7 X -+ x 17— Set(r) | ri(expry)

: Set(1) — Bool | ra(expr)

. Set(1) — Int
: Set(1¢)

70 — 7(v)
STC — TD
: 7c — Set(7p)

0= {Int},{C,D},{x: Int,p: Cy1,n:C,},{C — {p,n},D — {z}})

awin(-)?
{

b
context DD inv : wen implies win > 0
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Notational Conventions for Expressions

— 03 — 2014-10-29 — Soclsyn —

e Each expression

w(expry, erpro, ..., €xpr,) i TL X +++ X Tp — T
AN ,J—J

may alternatively be written ( “abbreviated as”)
o expry . w(expry,...,expr,) if 71 is an object type, i.e. if 7| € Ty
o expr; —> w(expry,...,expr,) if 7 is a collection type

(here: only sets), i.e. if 7 = Set(7y) for some 79 € Tp U Ty.

size (oll lnstamces ;) dlhstnces, ~> s1ze
3& (3"11{3 ) M % X
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Notational Conventions for Expressions
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e Each expression
w(expry, expro, ..., expr,) i TL X +++ X Tp — T

may alternatively be written ( “abbreviated as”)
o expry . w(expry,...,expr,) if 71 is an object type, i.e. if 7| € Ty
o expr; —> w(expry,...,expr,) if 7 is a collection type

(here: only sets), i.e. if 7 = Set(7y) for some 79 € Tp U Ty.

o Examples: (self :7c e W; wv,w:InteV; 1r1:Dg1,r9:D,€V)
* T

o self .r.w ~nP N(‘a (fg/))
I
_ G
o self .ry —>isEmpty & we ok (ot )
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OCL Syntax 2/4: Constants & Arithmetics

For example:

expr =
true, false : Bool
expry {and,or,implies} expr, : Bool x Bool — Bool
not expry : Bool — Bool
0,-1,1,-2,2, ... . Int

Z OclUndefined, DT

expry {+,—,...} expry : Int x Int — Int
expr; {<,<,...} expry . Int x Int — Bool

Generalised notation:
expr == w(expry,...,expr,)

with w e {+,—,...}

— 03 — 2014-10-29 — Soclsyn —

TTL X s X Ty, — T
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Constants & Arithmetics Examples

— 03 — 2014-10-29 — Soclsyn —

expr = ...
true, false : Bool
expr, {and,or,implies} expr, : Bool x Bool — Bool
not expr : Bool — Bool
0,-1,1,-2,2,... . Int
OclUndefined- 2 97
expry {+,—,...} expry . Int x Int — Int
expry {<,<,...} expry . Int x Int — Bool

0= {Int},{C,D},{x: Int,p: Co1,n:C.},{C — {p,n},D — {z}})
g,q-‘b.x‘ > ﬂfbox = 7

>( x(), 45_%@1 7))
— SRRV
?‘ué — —
shal
(e —
[ context DD inv : wen implies wmf;z,()_
+Sus - Baol
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OCL Syntax 3/4: Iterate

— 03 — 2014-10-29 — Soclsyn —

Yy and 214
r

expr = .- | expr{—>iterate(wy : Ty ; Wy : To = expry | exprs)
— — g g —

or, with a little renaming,

expr i:=--- | expry—>iterate(iter : T1; result : 7o = expry | exprs)
L) T,
where

expr, is of a collection type (here: a set Set(19) for some 79),

iter € W is called iterator, gets type 71
(if 71 is omitted, 7o is assumed as type of iter)

result € W is called result variable, gets type 72,

expr, in an expression of type 1o giving the initial value for result,
(OclUndefined ., if omitted)

expr, is an expression of type 7o

in which in particular ¢ter and result may appear.
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Iterate: Intuitive Semantics (Formally: later)
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expr ::= expr,—>iterate(iter : Tq;

result : T = exrpro | 655177”3)

Set(7y) hlp = expry;

T1 ter;

To Tesult = exprsy;
while ("hlp.empty()) do

iter = hilp.pop();
result = exprs;

od

Note: In our (simplified) setting, we always have expr, : Set(r1) and 70 = 71.

In the type hierarchy of full OCL with inheritance and oclAny,
they may be different and still type consistent.
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Abbreviations on Top of Iterate
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expr ::= expr—>iterate(wy : T1; wq @ Ty = expry | exprs)

o expr,—>forAll(wy : 71 | exprs) e, feswld: Bl € fp)

@(?.(4«—);40«1-( ( Wa' Th ; MM = e ’ vesult and el )

o 2
dilcshcsy >AnAl (d | x>0
|

g’y \;

plllshhcmsy—> Jeake (d: T (O bea( < Hie | yesull el x>0 )
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Abbreviations on Top of Iterate
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expr := expr,—>iterate(wi : Ty Wo : To = expr exrpr
1 ) 2 3

o expri—>forAll(wy : 7y | expry)
is an abbreviation for
expr,—>iterate(wy: T1; we : Bool = true | wa and expry).

.SC‘-(TO)
o exrpr—>Exists(w : 7y | expry)

is an abbreviation for

o > hle ( w:T; W bool = fhe |4y o °"f“'3).
Il

To ensure confusion, we may again omit all kinds of things, cf. OMG (2006).
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OCL Syntax 4/4: Context
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d, d

b
context ::= context wy :&J, ..., w, & Inv : expr

where w; € W and 1, € T forall 1 < <n, n>0.

contextz_u_l’:gl,...,wn:Cn inv : expr i
l‘~ _ . o _ \
is an abbreviation for v =~ \
\

—
alllnstancesc, —> forAll(wy : ¢, |

allinstancesc —> forAll(w,, : 7¢, | /
expr
|,._£_—l /7

- ”~
~ — — - —

14/35


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Context: More Notational Conventions
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e For I
context self : g Inv : expr

we may alternatively write (“abbreviate as")

context g Inv : expr

e Within the latter abbreviation, we may omit the “self” in expr, i.e. for
self v and  self.r
we may alternatively write (“abbreviate as")

v and r

15/35


westphal
Bleistift


Example
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context DD inv : wen implies win > 0

C — _

é e

ol bushinces = ol (T |
Sdf:bbo weh "“‘6[‘6
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Example
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& = ({Bool, Nat},{VM,CP,DD},
{ep: CP,,dd : DDg 1, wen : Bool,win : Nat},
{VM — {cp, dd}, CP — {wen}, DD — {win, wen})

W

d

A OLDENBURG
[EE =

W

:

[’
| ]

L
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“Not Interesting”

— 03 — 2014-10-29 — Soclsyn —

Among others:

e Enumeration types

e Type hierarchy

o Complete list of arithmetical operators

e The two other collection types Bag and Sequence
e Casting

e Runtime type information

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