2014-10-29 — main

0

Software Design, Modelling and Analysis in UML

Lecture 03: Object Constraint Language
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Prof. Dr. Andreas Podelski, Dr. Bernd Westphal
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A Complete Example: Vending Machine
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context DD inv : wen implies win > 0

Contents & Goals

Last Lecture:
 Basic Object System Signature . and Structure 2, System State 7 € £%

This Lecture:
es for these tasks/questions:

o Educational Objectives: Capabi
 Please explain this OCL constraint.
 Please formalise this constraint in OCL.
Does this OCL constraint hold in this system state?
o Give a system state satisfying this constraint?
Please un-abbreviate all abhreviations in this OCL expression.
In what sense is OCL a three-valued logic? For what purpose?
How are Z(C) and T¢ related?

o Content:
+ OCL Syntax
« OCL Semantics (over system states)

(Core) OCL Syntax OMG (2006)

Recall. ..

OCL Syntax 1/4: Expressions — where, given 7 = (7.,V, atr),

o W2 {selfo 70| Ce@}
is a set of typed logical variables,

expr = w has type 7(w)
S\I\J\H\.“blﬂ. o T is any type from 7 UTp UTe
U {Set € TUTRUT,
EIPri=rempryy T X1 — Bool {8et(ro) | 7o 5UTe}
| oclisUndefined. (expry) : 7 — Bool * Tp is a set of (OCL) basic
Pl types, in the following we use
= -
TR o Set(r) Ty = {Bool, Int, String}
o Ty = {7c | C € €} is the set
sEmpty(ezpry) : Set(7) — Bool of object types,
: Set(r) — Int o Set(o) denotes the set-of-7

type for g € Tp UTy
(sufficient because of
“flattening” (cf. standard))

2 T(v) € atr(C), T(v) € T,

: Set(1¢)

T rieapry) STe =T 7

g | o 1 Doy € atr(C),

o | ra(eapry) 170 = Set(tp) © T

H o 1y D, € atr(C),
e C,De%.
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Expression Examples iULIﬁJI\ﬂ.H:V %

expr =

0 w < 7(w) | size(eapry)  : Set(r) — Int &
@ | expri=rempry :7x7 - Bool |alllnstancesc: : Set(rc) &)
® | ocllsUndefined (ezpry) 7 — Bool | o(ezpry) o 1(0) @
] 8
® | {eapry.... eapry} 7 x oo x 7 Set(r) |ri(ezpry) e @
©® | isEmpty(eapry) : Set(r) — Bool |ra(espr)  :7c — Set(rp)@®
A ol
o= ({Int} {C. D} {w s Int,p: Coy.n: C}AC = {p,n}, D+ {2}})

vl T, KO o x (=) 90 xgak ()
o dllbosheces,, b (it KE) oy tethe) % 4O,

——

o dibsbocsy, (5 O () T S @
o st (ibshay): 1t © oxlolla) W WO
o allbobnes, = dlshuas, 1O | (uly) = ax(n(oy)
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Notational Conventions for Expressions

« Each expression

TPToy ..oy €IPT,) 1 TL X o X Ty = T

may alternatively be written (“abbreviated as”)

vy . w(eapry, ... expr,)  if 7 is an object type, i.e. if 7 € Ty.

o expry => w(eapry, ..., expr,) if 7 is a collection type
(here: only sets), i.e. if 7y = Set(7y) for some 19 € T U Tiy.

o Examples: (self :7c € W; wv,w:Int€V; ri:Dgy,re: D, €V)
- =
o self v A V()

o self .r.w AP 2«:«&:
md.nm
o self .ry =>isEmpty I aw)x«\n ?nm:
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Expression Examples

eapr =
w s r(w) | size(eapry)  : Set(r) — Int
| eapry—, expry 77— Bool |alllnstancesc: : Set(rc)
 ocllsUndefined, (ezpr;) : 7 — Bool lo(eapr) 70— 7(0)
[ {eapry.... eapry} 17 x - x 7 — Set(r) |ri(eapry) 10— 7D
| isEmpty(ezpry) i Set(r) — Bool |ra(eapry) 70— Set(rp)

o= ({Int},{C, D}, {w s Int,p: Coy,n: C.},{C v {p,n}, D {a}})

H wwin()?
8 }
g s
: context DD inv : wen implies >0
8 s
OCL Syntax 2/4: Constants & Arithmetics
For example:
expr = ...
| true, false : Bool
| eapry {and, or,implies} ezpry : Bool x Bool — Bool
| not eapry : Bool — Bool
10,-1,1,-2,2,... : Int
¥ | OclUndefined- :T
| expry {+,—,...} expry : Int x Int — Int
| eapry {<,<,...} expry : Int x Int — Bool
Generalised notation:
w expr == w(expry. ..., expr,) ST X e X Ty =T
< a+e > t@,b)
& withwe {+,—,...} ’
g osss

Notational Conventions for Expressions

« Each expression

w(eapry, expry, ..., expr,)

w LY X T T

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

(here: only sets), i.e. if 7 = Set(r) for some 79 € T U Tig.

size (ll bshnesy ) o allhshnces,~> 2

* (2ty) el 20
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8/35
Constants & Arithmetics Examples
eapr = ...
| true, false : Bool
| eapry {and,or, implies} expr, : Bool x Bool — Bool
| not expr, : Bool — Bool
10,-1,1,-2,2,... < Int
| OclUndefined BT
| eapry {+, ...} eapry : Int x Int — Int
| expry {<,<,...} expry : Int x Int — Bool
Sy = ({Int},{C. D}, {x: Int,p: Co1,n: Ci},{C = {p,n}, D~ {z}})
sy 6> sy -1
L (e, ~(268), 7))
i < T e
g : - w3
g = it
— context DD inv _/L implies win 2.
Al Wi
1073




OCL Syntax 3/4: Iterate

Yy e 24

| eapry->iterate(wy : 71 ; wy < 7y = expry | expry)

expr
— LRSI A

or, with a little renaming,

| expry->iterate(iter : 7y: result : 7y = expry | exprs)

3 7,

expr = -

where

o eapr, is of a collection type (here: a set Set(ro) for some 7o),

o 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 72 giving the initial value for result,
(OclUndefined,,, if omitted)

.
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expry is an expression of type T2
in which in particular iter and result may appear.

0

113

Abbreviations on Top of Iterate

expr = expry—>iterate(w; : Ty; wa : Ty = expry | expry)

o eapri—>forAll(wy : 7y | eapry)

is an abbreviation for
eapr,->iterate(wi: 715 wa : Bool = true | wy and eapry).
b7
o Capry->Exists(w : 71 | expry)
is an abbreviation for

%At?rNﬂ.ﬁ. ool = fhe [y o ey,

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

0
&

Iterate: Intuitive Semantics (Formally: later)

expr = expr->iterate(iter : 71;

iter = hip.pop():

Pra

od

Note: In our (simplified) setting, we always have expr, : Set(r1) and 79 = 71
In the type hierarchy of full OCL with inheritance and oclAny,

they may be different and still type consistent.

12735
OCL Syntax 4/4: Context
a a
i= context wy (&, ..., wy 14 IV : expr
where w; € W and 7, € Ty for all 1 < i <n,n>0.
context w) :
i
is an abbreviation for
allinstancesg, -> forAll(i0; : 7¢, |
\
alllnstancesc, > forAll(w, : 7¢, | \
: eapr \
) e - -
3 )
m, 14/35

Abbreviations on Top of Iterate

expr = expr,->iterate(wy : T1; wy : To = expry | expry)

wmel), fesull: ol € )

o eapry->forAll(wy : 71 | eapry)

orp, ikt (g T st Bal <o | rosule and expry)
! w, &3
T
sy il (11 4x>0)
¥
e
clllstnniys ke (T (5Bl s [yl amet dix>0)
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Context: More Notational Conventions

* For cé
context self : g@ inv : expr

we may alternatively write ( “abbreviate as")

¢

context g inv :ezpr

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

v and 1
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Example
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0

context DD inv : we

é

References
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Example

=
3

# = ({Bool, Nat}, { VM, CP, DD},
{cp: CP..dd : DDy 1, wen : Bool, win : Nat},
{VM v {cp, dd}, CP v {wen}, DD v {win, wen})
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“Not Interesting”

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)
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