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OCL Semantics: The Task Basically business as usual...
o Given Equip each OCL (!) type with a reasonable dom: €. define function
* an OCL expression (over signature .7, e.g. Jwith dom(fy) = 7 UTs UTe
eapr; = context CP inv: wen implies dd . wis >0
 andasysematate ! Equip each set type Set(ro) with reasonable domain, i.e. define function
o1 = {Tvar > {dd > {1pp}, cp = {300.500}}, Lo = {wis > 13}, OCL Semantics OMG (2006) fywith dom(f) = {Set(ro) [0 € 7 UTp UTe}
n s tue}, Sep > {dd s {1pp}, wen > false}} € £% -
Sud. I deef T A B . )
) adsede (ii}) Equip each arithmetical operation with a reasonable interpretation
+ andavaluation of the logical varables 3, : W' (7 U T U Te). (that s, with a function operating on the corresponding domains), e. define function
« compute thevalue  I[eapry[(o1, f1) € {true,false, L pon}  of capr, in oy under f; Twith dom(f), = {#, -, <, }.eg. [(+) € I(Int) x I(Int) = I(Int)
T LS
T tovew-valund fogie (iv) Same game for set operations: define function  fyiith dom(I) = {isEmpty.
M . Define the inte tation /| S f i der 3:
* Moregeneral:  Define theinterpretation [[expri(7,7) of cxprin 7 under (v) Equip each expression with a reasonable interpretation, i.e. define function
I11(:, ) - QCLEspressions(#) x £% x (W = I(7 UTs UTe)) — I(Bool) L Bopr x 25 x (W — J(F UTp UTs)) — fBool)

..except for OCL being a three-valued logic, and the “iterate” expression.
I fn T TN ey

49 i S5m0 -



(i) Domains of OCL and (!) Model Basic Types

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

We set:

We may omit index 7 of L, if it s clear from context.
Given signature .7 with model basic types .7 and domain , set

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

for each model basic type 7' € .7

(iii) Interpretation of Arithmetic Operations

r
. :.ma_ms%azx&,\mem.wul_ sﬂ.avc Wm ¢

:.\wﬁv =true, I(false) := false,  1(0):=0, I(1):=1,..
Qmﬂk& 1(OclUndefined:) = Loy

« Boolean operations (defined point-wise for z1, 22 € 1(7)):

ﬂ% w@ true  fzy # Ly £ z2anda) = 2p

I(=7)(z1,22) := { false a1 # Ly #x2andz) # 22
Lot . otherwise

L(=r): T« Te) - Tlhool |

« Logical connectives, eg. I(and) () : {true, false, 1} x {true, false, 1} —» {true, false, 1}
is defined by the following truth table:

te | true | tue | fakse fabse | fase 1L L | L

twe |false | L | twe fake | 1 tue false | I

true | fale | | | fale false | false | false | L |

2

3
I(and)(z1,2)

We assume common logical connectives not, or, . .. with the canonical 3-valued interpretation.
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OCL and Model Types?! An Example.

1, CP, DD},
{ep: CP.,dd : DDq,1, wen : Bool, wis : Nat}
{VM v {cp, dd}, CP > {wen, dd}, DD > {wis})

Hobd Types ocL Types :
D (8eef) = {017 T(Buol ) = i, fibe, L W Food oy
O k) <o 2553 T(wt) =Zoirgd o
Dlvn) = NxTwd T(8wl,) < Dol ) oLy, ?
<l 2 b =504 Ly
T (Web) =D(at) © §dbuntf
2 {0,558 0 L wma]

T(zy,) =D(v) o fLyf

(iii) Interpretation of OcllsUndefined

© Theis-undefined predicate (defined vo_znv.ﬁhmmv?- wel(r)):
T
I(ocllsUndefined, ) (4 := ﬁ?i o= Lo

Jalse . otherwise

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

« Integer operations (defined point-wise for 1, x> € I(Int)):

24wy e A LA
1 . otherwise

I(+)(z1,22) “Hﬁ

Note: There is a common principle.
The interpretation of an operation (symbol)

Win X7, n20
is a function \

I(@) : I(11) % -+ x I(ta) — I(7)
on corresponding semantical domain(s) of OCL (1) types.

s

(i) Domains of Object and (ii) Set Types

o Let 7 be an (OCL) object type for aclass C' € .
© Weset
I(70) == 2(C) U { L+ }

© Let7beatypefrom .7 UTg UTe.
© Weset
I(Set(r)) := 2" U {Lg,

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

(iv) Interpretation of Set Operations

Basi

ly the same principle as with arithmetic operations...
Letr € 7UTE UTe
« Set comprehension (x1, ..., x0 € (7))
I @y en) = {o e en)
foralln € Ny

« Empty-ness check (& € I(Set(r))):

true L ifz=0
I(isEmpty”)

Lpoor L ifx = Lgerr)
Jalse ., otherwise

« Counting (x € I(Set(r))): \\ss:mc of clrsets e

ifr # L
Ly . otherwise

I(size™)(x) =

apd % pote




(v) Interpretation of OCL Expressions

[ECRRNIN

Cuntaronion. ks s foe)

aeerlnz)

S

139

Example

# = ({Bool, Nat},{VM, CP, DD},
{ep: CP.,dd : DDo,1, wen : Bool, wis : Nat},
{VM > {cp, dd}, CP v {wen, dd}, DD v {wis})

o1 ={Tva = {dd = {lpp},cp = {3pp,5pp}},  1pp > {wis > 13},
3cp > {dd s {1pp}, wen -+ true}, 5ep s {dd —» {1pp}, wen - false}}

o Iwl(o,B) = B(w) « I[allinstancesc] (2, B) = dom(a) N 2(C) 7

o Ifw(epry, ..., ezpr,))(o, 8) = I(w)(I[ezpry)(a, B), ... Iezpr, ) (o, B))

« Iallinstancescr](01, 5) = dowa (5, ) 2 DP) = { 2, Ty, %ee, SceF 0 D EP)
= {3 S0}
« Iallinstancescy ->size](01, ) » I L site (ol bitascscp) §(5,8)
“Tloin)( TLalhohaps;el s, 1) = Tls2e) (1269, 5008} = 2-

1

sffy
o fri={3ert lself)(on, 61) = b, (sdf) = 3p

1629

Valuations of Logical Variables

» Recall: we have typed logical variables (w €) ¥/, 7(w) is the type of w.

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

Blw) € I(r(w))-

eselly €W
vty T & e 0L expresion
o Ll W J (o, ) = oK)
S P PR
o TILoA, B o, 1) = 15, () =Ty,

\w W— Hﬁw.\mcu\»

T 14729
(v) Interpretation of OCL Expressions
eapr = w | w(eapry, ..., expr,) | alllnstancesc | v(eapr,) | r1(eapry)
| ra(expry) | expr,->iterate(vy : 71 ; v2 : T2 = expr, | expry)
Assume expr, : 7c forsome C' € €. Setuy := I[expr,] (0, 8) € Btre ()
o Holemmry)l(o ) = AM?. W) ,if :.EMW?.\QV
T 17ns

(v) Interpretation of OCL Expressions

Example

eapr = w | w(eapry, ..., expr,,) | alllnstancesc: | v(eapr,) | 1(eapr,)
| ra(eapry) | eapr, ->iterate(vy : 71 s va : T2 = eapr | eaprs)

N
v
o Iul(o,8) == Rlw)

< Holermr, e, )10, ) = To) FEope 3G, ., Thepn e p) )

« Ifallinstancesc(c, ) := dow (&) n PCC)
i ks Lacks o
e sz @
Note: in the OCL standard, dom () is assumed to be finite.
Again: doesnt scare us.

IDENTENWERK

# = ({Bool, Nat},{VM, CP, DD},
{ep: CP.,dd: DI
{VM v {cp, dd}, CP v

il

wen : Bool, wis : Nat},
dd}, DD v {wis})

o1 ={Tva = {dd = {1pp},cp = {3pp,5pp}}, 1pp = {wis = 13},
3cp > {dd = {1pp}, wen > true}, Scp > {dd — {1pp}, wen > false}}

Assume capry : ¢ forsome C € . Setu := I[eapr](a, ) € P(rc)

a(u)(v) .ifu; € dom(a)
1 . otherwise

o Ifu(ezpry)l(o, B) := ﬁ

2hh
o Bri={3crt, Iwen(sel)](o1,81) = 05 () (iwen) = S (ep) loren) = Sene

u T (o, ) =3,



(v) Interpretation of OCL Expressions

Iterate: Intuitive Semantics

eapr = w | w(eapry, ..., eapr,,) | allinstancesc: | v(eapr,) | 71(capry)
| a(eapr,) | eapry->iterate(vy : 71 5 va : 72 = eapr | eapry)

copr, ->iterate(iter : T1;

o(z)
Assume capr, : 7c: forsome C' € %.  Setus = Ieapr,}(o, B) € bekeed.
_ Jotu)(w) .ifur € dom(o)
o I[v(ezpry)](o. ) == r othermise
o Iru(eapr)]o. ) = ﬁ Ma sn_M?S wd olialte) = fuf
' Coa

o Tra(erpry)](o. ) =
f:Ce

Recall: o evaluates r» of type C, toa set.

q?.:i‘<$m§}~1
L , oflwestse

(v) Interpretation of OCL Expressions

,expr,,) | alllnstancesc: | v(ezpr,) | r1(ezpr,)
| ra(eapry) | expry->iterate(vy : 71 ; vz : T2 = eapry | eaprs)

7 eapr = w | w(eap

Ifeapry->iterate(vy : 71 5 vz : 72 = eapry | eaprs)](a, B)

\;méi?_s .a;%&;?_mvus
= \iterate(hlp, v1, va, exprg, o, 3') ., otherwise

where 8/ = Blhip = Ifeapry](,8). v2 = I[eapry](, )] and
Y PR AN
.;SES;_.S,S_ﬁ.;.i; :L_}m .k.sk N‘u‘?v_ .kzc..u

. [ leaprs)(o, 8 (hip) = {x}
7 leaprsl(e.87) hip) = X U {z} and X # 0

where 8" = '[v1 = @, va > iterate(hip,v1,va, eapry, o, B'[hip — X])]

= a])

Quiz: Is (our) I a function?

Set(ro) hlp := expr,;

T iter

condod (P i i wew

,w\\\;

st > M| ponlof!))

199 - 2019

Exam, =]
_ Example = ({Bool, Nat}, {VM, CP, DD}, =
{ep: CP.,dd : DDy,y, wen : Bool, wis : Nat}, =
{VM v {cp, dd}, CP > {wen, dd}, DD — {wis}) ..W
.
a1 = {Tva = {dd — {1pp}, cp = {300,500}, 1pp -+ {wis —» 13} —

3cp s {dd — {1pp}, wen v tue}, 5cp — {dd — {1pp}, wen > false} }
context CP inv: wen implies dd . wis >0
M wn oAbt
kf\rx‘a%b?x&?&.\ _.ax_.«a?&\.swqov

2 - 229

Iterate: Intuitive Semantics

Example 5=
_ bxample # = ({Bool, Nat}, { VM, CP, DD}, H=
{cp: CP.,dd : DDg,1,wen : Bool, wis : Nat}, ==

{VM s {cp, dd}, CP — {wen, dd}, DD — {wis}) W
B

1= {Tvar = (dd = (100}, cp = (300.500}}, 1pp > {wis > 13}, —_—

eapr = eapr, ->iterate(iter : T1

5 i= eapry;
while (1hip.empty()) do

iter := hlp.pop():
result := e:

Recall: In our (simpli
In the type hierarchy of full OCL with inheritance and oc1any, 7o and 71 may be different

and still type consistent.

d) setting, we always have ezpr, : Set(ro) and 1 = 7o.

3ep > {dd — {1pp}, wen — true}, Sep —+ {dd — {1pp}, wen + false}}
context CP inv: wen implies dd . wis >0

alllnstancescp -> forAll (self | self . wen implies self . dd . wis > 0)

§

k_.k:sﬂnat\,%:ﬁ\u\_«\ 0Bl ~ ot | € el )



Example
= ({Bool, Nat},{ VM, CP, DD},

{ep: CP.,dd: DDo,1,

Bool, wis : Nat},
ven, dd}, DD — {wis})

o1 = {Tva = {dd = {1pp}, cp = {300,500}}, 1o = {wis = 13},
Bop =+ {dd = {1pp}, wen > true},  Scp — {dd = {1pp}, wen — false} }

Fe context CP inv: wen implies dd . wis >0 Pr
alllnstancescp -> iterate (self; r : Bool = true | and(r, implies(wen(self), >(wis(dd(self)), 0))))

I lhsiora o Wso, p) = {30, 5cr} = expr
—be )
Lo, fotfirky, rivhod) Tt (TE6 ), ECog T, ) J= Tt o)

£ Goped o ) s Tl (ETm: (01 1), TO)(TLls Gt 186),0) *1
: — %
2CL()36.,6) <t e =
T wis (UGB s, )= 1>
L Tlaghts V(Aae. 4o )= 1o (e
) o =i
g3, BHGp, 1 O )  rn e )= de
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User’s Guide

Example:

« App
Task: Given a square with side length « = 19.1. What is the length of the longest
The  straight line fully inside the square?
Itis
Subrmission A Submission B:
The length of the longest straight line fully
« Inte
Abst
founded).
« Exercise submissions:
Each taskis a tiny little scientific work:
(i) Briefly rephrase the task in your own words.
State your claimed solution.
Convince y ¥ p y ")

Tell Them What You've Told Them. ..

* Given
« an OCL expression expr,
« and a system state o,
« and a valuation §3 of the logical variables

« we can compute the value
Ieapr] (o, B) € {true, false, L pon}
of exprin o under 5
« using the interpretation function

I[-1(-. -) : OCLEzpressions(#) x £% x (W = I(7 UTp UT¢))
— I(Bool).

User’s Guide

pp APl
Task: Given a square with side length a = 19.1. What s the length of the longest
The  straight line fully inside the square?
Itis
Submission A:

« Inte 27
Abs:

« Exercise submissions:
Each task is a tiny little scientific work

Briely rephrase the task in your own words,

State your claimed solution.

« ¥ prop: i inding)

i 2472

Formalia: Exercises and Tutorials

+ You should work i groups of approx. 3, clearly give names on submission.
. via ILIAS (cf. paper submissi tolerated.

« Schedule:

Week N, Thursday. 8-10 Lecture Al (exercise sheet A online)
Week N+ 1, Tuesday 8-10 Lecture A2
Thursday 8-10 Lecture A3
Week N +2.  Monday, 1200 (exercises A early submis
Tuesday. 8:00 (exercises A late submission)
8-10 Tutorial A
Thursday 8-10 Lecture B (exercise sheet 13 online]

torial’)

10% bonus for early submission.

« Tutorial: Plenary, not recorded.

o “Musterlosung for modelling tasks.

theres

29

o Lg.
s bt o 5. expl

eyt st
g
ks the v becmure ..

o 1§ submisslos
— ~l0 b_dh..wr Fops
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