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OCL Semantics: The Task
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Given an OCL expression eapr (over signature .%), e.g.

s win > 0

expr, = context DD inv : wen impl

and a system state o € £, e.g.

o1 = {Tva = {dd = {1pp}, cp = {3pp.5pp}}, 1pp > {win v 13, wen v true},
3op > {wen s true},  Scp > {wen — false}}

and a valuation of logical variables 5 : W — I(.7 UTp U Ty),

define the interpretation of cxpr in o under

I[-1(-, ) : OCLEzpressions(#) x £% x (W = I(7 U Ty UTy)) — I(Bool)

I[eapr](o,B) € {true, false, L poor}.
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Last Lecture:
« OCL Syntax

This Lecture

o Educational Objectives: Capa

ilities for these tasks/questions:

Please un-abbreviate all abbreviations in this OCL expression. v’

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?

In what sense is OCL a three-valued logic? For what purpose?
How are 2(C) and Tt related?

Content:
* OCL Semantics
» OCL Consistency and Satisfiability

OCL Semantics OMG (2006)
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Recall
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Basically business as usual.

(i) Equip each OCL (1) type with a reasonable domain, i.c. define function
with dom(I) = 7 UTp U Ty

(ii) Equip each set type Set(r) with reasonable domain, i.e. define function
Ipith dom(I) = {Set(ro) | 7o € 7 UTp UTe}
ion with a interpretation

n operating on the corresponding domains).

w,si_ dom(I) = {+,—-,<,...}, eg., ﬁi € I(Int) x I(Int) — I(Int)

(iv) Set operations similar: [ with dom() = {isEmpty....}

(v) Equip each expression with a reasonable interpretation, i.e. define function
. 7
I Bopr x 32 x (W = (7 UT5 UT)) — J{Bool)
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Basically business as usual...

(i) Equip each OCL (!) type with a reasonable domain, i.e. define function
I with dom(I) = .7 UTp U Ty

.e. define function

(ii) Equip each set type Set(rq) with reasonable domai

I with dom(I) = {Set(ro) | 7o € 7 UT UTe}

(iii) Equip each ari | ion with a interpretation

(that is, with a function operating on the corresponding domains).
eg., I(+) € I(Int) x I(Int) — I(Int)

I with dom(I) = {+,—, <,

lar: I with dom(I) = {isEmpty,...}

(iv) Set operations si
(v) Equip each ion with a ble interp
I: Eapr x £% x (W — I(F U Ty UTe)) — I(Bool)

i.e. define function

2015-11-03

...except for OCL being a three-valued logic, and the “iterate” expression.
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(i) Domains of Object and (ii) Set Types

o Let 7¢ be an (OCL) object type for a class C' € 6.

o We set
I(rc) = 2(C) U {Lr}

o Let 7 be a type from 7 UTp U Te.

o We set
I(Set(r)) = 2'7) U {Lguin}

Note: in the OCL standard, only finite subsets of /(7).
But infinity doesn’t scare us, so we simply allow it.

2015-11-03
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(i) Domains of OCL and (!) Model Basic Types

9/36

Recall: OCL basic types
Ty = {Bool, Int, String}

We set:
o I§Bool) i= {true, false, Lpour} & Hoeeevaleod
o I{Int) =20 { L1}
o I(String) == ...\ { Lstring }
i R o wion

We may omit index 7 of L, if it is clear from context.

Given signature .# with model basic types .7 and domain Z, set

I(T) == 2(T) O {Lr}

for each model basic type T € 7.

7136
(iii) Interpretation of Arithmetic Operations
Literal to fixed values: T(u
» Literals map to fixed values: Rr,mf f )
I(true) = trwe,  I(false) = febe . 1(0):=0, I(1):
m " -
o Tlw) [(OclUndefined )= Ly
wew  Ic)
7 10736

OCL and Model Types?! An Example.

=
-]
2

# = ({Bool, Nat}, { VM, CP, DD},
{ep: CP..dd : DDy, wen : Bool, win : Nat},
{VM = {cp, dd}, CP > {wen}, DD v {win, wen})

Holel Ty %L Typs

0,6e)) {03 TCoy) = floe fio, 1} 3 fie

D, () ={0-.25] H?wwaN,.\T.{w g

D, () = 1, 2, T(h) < £0,.,293 o Luuef
T(%w) 2, § 0 e, §
TCBly)- {017 0§ 10§
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(iii) Interpretation of Arithmetic Operations
 Literals map to fixed values: I(he)
P W Tht)
I(true) := true, I(false) := false, ~ 1(0):=0, I(1):=1,.
m -
QuEgs Ter)  [(OclUndsfined:) = L.
0aEpy Ter)
+ Boolean operations (defined point-wise for z1, 2 € I(7)):
Tw) (o]
o trwe i@ # Lo # w2 and 21 = a2
: i={ false ,ifx1# L, # a2 and 21 # 22
Lpoor , otherwise
bt
« Integer operations (defined point-wise for y. 2y € I(Int)): L0 (He 1)~L
T Gabe, 1) - i
o fmre faAlte R
IH)en,a2) = T , otherwise ol !
2 Note: There is a common principle.
% The interpretation of an operation (symbol) w: 71 % .7, — T
" is a function 1(w) : I(1) x - - x I(a) = I(7) on corresponding semantical domain(s)
10/36




(iii) Interpretation of OcllsUndefined
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o The is-undefined predicate (defined point-wise for € I(r)):

true L ifz=1,
false ., otherwise

I(oclsUndefined, ) (z) := ﬁ

Note: I(ocllsUndefined, ) is definite, i.e., it never yields L.

1136

Valuations of Logical Variables

\\\Tﬁlmmnw

o Recall: we have typed logical variables (w €) W, 7(w) is the type of w.
Ll

« By /3, we denote a valuation of the logical variables, i.e. for each w € W,

Bw) € I(r(w)).

BN —> T(RT.7)
ol
0w TC(EB)-Tlew)
v v
\wam wsld 1 o,
%SFIE.\)W
"

N
P T, )T,
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(iv) Interpretation of Set Operations

Basically the same principle as with arithmetic operations...

Let 7€ JUTpUTy.

o Set comprehension (z1, ..., 2, € I(7)):

T{} ) (@1, s@n) = (@, wa)
n N ——~—
for all n € Ny ) Tw) eT(etlc)

o Empty-ness check (z € I(Set(r))):

true ,ifz=0
I(sEmpty”)(r) = { Lowor i 2 = Loucr)
false , otherwise

« Counting (x € I(Set(r))): \§&l of dlesats inx
) and ke

e L
L, otherwise

I(size™)(x) :=

(v) Putting It All Together...

w | w(eapry, ..., ezpr,) | alllnstances | v(eapr,) | 71 (ezpry)

| ro(expry) | expri->iterate(vy : 7 ; w2 : T2 = expry | expry)

o 1oy er)(o, 6) = T (TCopud(@4) ., Thop3(a )
g Hsmt) 9 IO TUBYGH), TlreadIhel)
o Ifalllnstancesc](0, 3) := dom () n D(C)
M dire Lyds o
dpehs w0 chs !
in the OCL standard, dom(c) is assumed to be finite.
Again: doesn't scare us.

2
S
&
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(v) Putting It All Together
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Example p=f A B, £ D ]
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.# = ({Bool, Nat},{VM, CP, DD},
{ep: CP,,dd : DDy, wen : Bool, win : Nat},
{VM — {cp,dd}, CP — {wen}, DD v {win, wen})

o1 ={Tvar = {dd = {1pp}, ep = {300, 500}},  Lop = {win — 13, wen s true},

Bcr > {wen > true},  5op - {wen v false}}

o I[w](0, ) == B(w) @ < Iallinstances] (, 8) = dom(e) N 2(C) @)
o epry, o empr)l(o,B) = 1@ ULeapral(@, ), leapr, ), 8) )

6 o T x + ellbstuas,,>52 ] (5, £)=29
.HT:L?.T»E«LL} @Qna:: aktfthwi?hv #)

<Ak~ ) I TCAG,6),
TLxBlo, 4 <AL= 2 am TL of lstocs cp2 52 3z, ) )

T lhstmeas 1, 4 dom ) 2 0LCE) T8, T6(TLtlboa 16, )
- e Sl 0 Hg 3+ 305} (T 5

~—— L T(3.2) 29
() v




(v) Putting It All Together...
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expr = w | w(eapr,, ..., expr,) | alllnstancesc: | v(eapr,) | r1(expry)
| ra(expry) | expry—>iterate(vy : 7 ; va : o = eapry | exprs)

Assume eapr, : 7¢: for some C' € €. Set uy := I[eapr,](o, 8) € Z(rc).
AN

o M)l f) = %»Aq?‘f&\ if Ue dom(s)
\ T

€k

(.4\;

Ter

L , eHuenSe

1736

(v) Putting It All Together...

expr = w | w(expry, ..., expr,) | alllnstancesc: | v(ezpr,) | vy (expry)
| ra(eapr,) | expry->iterate(vy : 71 5 vy : T2 = expry | eapry)
{1z, Lif Hﬁmxl‘.;.\cuhﬁ
112 = gapry | eaprs)l(o, B)

T

Lleapral(a.8)  if [eapr (o, 8) = 0

o hisisﬁe:? eapry,0,8') , otherwise

o I[eapr,->iterate

where, 8 = Blhlp v I[eapr,](c, §),v2 =+ Ieapr;](o. 5)] and

o itgrig (hip, v, vz, eaprs, 0, 5')

_ el
Teaprs](o,8")

where 8" = §'[v1 > v - figgate(hlp, o1, va, expra, o, B/ [hlp = X))

al) | if B (hip) = {}
Lif B'(hlp) = X U {z} and X #0
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Quiz: Is (our) I a function?
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_Example £ s, 9, Ry, g7
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Example

# = ({Bool, Nat},{ VM, CP, DD},
{cp: CP.,dd : DDo,y, wen : Bool, win : Nat},
{VM = {cp, dd}, CP v+ {wen}, DD v {win, wen})

o1 = {Tyw = {dd > {1oo}, 0 = {300,500}, Lpp > {win = 13, wen - 23},
g = {wen - am), w&l?ilﬁv

Assume eapry : 7c: for some C € 4. Set uy := I[expr;](. B) € Z(rc)

o(u)(®) |, if ur € dom(a)
s , otherwise

o I[v(ezpry)](e, B) := ﬁ

O,
o T e (BB 5, ] el o 4
W-TL e U =3, o’

sﬁﬁ_}x@ﬁ\ﬂb =L
TCA (o Atp wf i/

OLDENBURG

STUDENTENWERK]

# = ({Bool, Nat}, { VM, CP, DD},
{cp: CP.,dd : DDy1,wen : Bool, win : Nat},
{VM = {cp, dd}, CP = {wen}, DD > {win, wen})

o1 ={Tvm = {dd = {1pp}, cp = {3pp,5pp}},  1pp = {win =+ 13, wen v true},

Bep v {wen > true},  Sep v {wen — false}}
@i = context DD inv : wen implies win > 0
Hﬁ&:gvéuabf‘s\ukékﬂﬁ | s ( (el vm?\xsxro;umg &)
ke (v = vl on [ rende amt =t =) .
=t
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(v) Putting It All Together...

eapr = w | w(eapry, .., eapr,) | allinstancesc: | v(ezpry) | r(eapry)
| ro(expry) | expri=->iterate(vy : 1y ; va : T2 = expry | expry)

Assume expr; : 7¢ for some C' € €. Set uy := I[expr,](o, 8) € Z(7¢).

el = {00 o

o I[ri(eapry)])(o.8) ==
:Dpy

:lﬁ:.m&.,ﬂiq%;\nvnx«&
L, othesgne
o Jolwdls), it viednd)
o I[ra(eapry))(e. 8) == A iy ! s
(A=

Recall: o evaluates r; of type C. to a set.
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Another Example
# = ({Bool, Nat}, { VM, CP, DD},
{ep: CP.,dd : DDo1,wen : Bool, win : Nat},
{VM v {cp, dd}, CP > {wen}, DD v+ {win, wen})

STUDENTENWERK}
OLDENBURG

o1 = {Tym = {dd — {1pp}, cp = {300, 500}}.  1op = {win — 13, wen > true},
3cp = {wen v true},” Sep + {wen s false}}
%l?)x\\n | e ()= o)
o ol (] zs.ﬁn?\,wmﬂ\ﬁv = plee

zC Conlhd VUi
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