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Recall
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OCL Syntax 1/4: Expressions OCL Syntax 2/4: Constants & Arithmetics

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

cweW D {selfp:ire | CEw} For example:
expr = is aset of typed logical variables,
w (w 2w has type 7(w) expr =
w g
“ | truel false Bool
| apry = eapry T x = Bool « risany typefrom 7 U T U T | eapry {and, or,implies} expry : Bool x Bool — Bool
—_— Set(m) | 7o € P .
| oeiUndefnd: ez 5 Bt U {etfm) | € 7 UT5 U T} | not ezpr Bool ~+ Bool
Ty isasetof (OCL) basic types, |0 —1y1)—2)2| Int
[ {eapry....capr, } Tx X7 Set(r) in the following we use eapry {+, ...} eapr. Int x Int = Int
g 1 2
| isEmpty(ezpr) Set(r) - Bool Ty = {Bool, Int, String} [ eapry {<,<....} capry Int x Int — Bool
crelemr otr) 5 In « Te={rc|Cew) | OclUndefined, ir
1 . ) i/E ’;” is the set of object types,
allinstancesc Setlre .
« Set(m) denotes the set-of-7, " 3 -
e e Generalised notation: (fehe notmal fpwn )
(sufficient because of “flattening”
eufficent b 5 g expr = wleapry, ..., ezpry) XX T T
‘mﬂ“w*? 7 vt e s
| ra(eapry) fap— Where 11 : Dot € atr(C),C,D €€, 4'1w$( q/‘i)
ra(eapr ), 70 = Set(rp) where ry: D. € atr(C),C.D € € & L o,
7 10
OCL Syntax 3/4: Iterate OCL Syntax 4/4: Context
Syntax: (Assuming signature 7 = (.7, %, V, atr).)
copr i - | eapryiterate(wy s Ty swa s To = capry | caprs) contet 2= contextwy : Ty, ..., wn : Ty inv : eapr
or,witha lttle renaming, where T, € % and w : 77, € W forall 1 < < n.n >0
expr = - | expry->iterate(iter : Ty: result - Ty = expry | exprs)
Semantics:
where context wy : i, wy : C inv : eapr
« capr, is of a collection type (here: aset Set(r) for some 7o) is just] an abbreviation for
« iter € W is called iterator, of the type denoted by T} allinstancesc, -> forAll(w, : ke, |
(7} is omitted, = is assumed as type of sier)
—
« result € W is called result variable, gets type r; denoted by T, allinstancesc:,, > forAll(w,, : #, |
« capr, in an expression of type 7, giving the initial value for resu, e
(OclUndefined..,, if omitted) )
« capr is an expression of type 7,
in particular iter and result may appear in ezpr. )
e

OCL Semantics: The Task

- 4-2016-11-03 - Sthetask -

e Given
o an OCL expression (over signature .7), e.g.
erpr,; = context CP inv: wen implies dd . wis >0
e and a system state
o1 ={Tvm — {dd — {1pp},cp — {3pp,5pp}}, 1pp +— {wis — 13},

3¢cp +— {dd — {1pp}, wen — true}, 5cp +— {dd — {1pp}, wen — false}} € Eg

ﬂ,{SO‘fe / de tf
o and a valuation of the logical variables 31 : W — I[(J UTp UTy),

o compute the value I[ezpr,](o1, 1) € {true, false, L p,.;} of expr; in o1 under 3.
NS

K‘,V Hoee~valaed /bil'c
o More general:  Define the interpretation I[exzpr](c, 3) of expr in o under 3:

I[-1(-, -) : OCLEzpressions(.”) x £2 x (W — I(7 UTg U T«)) — I(Bool)

3/29
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OCL Semantics OMG (2006)

5129

Basically business as usual...
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(i) Equip each OCL (!) type with a reasonable domain, i.e. define function
4;)With dom({.) =T UTgUT¢

(i) Equip each set type Set (7o) with reasonable domain, i.e. define function
{:‘with dom({:) = {Set(10) | 70 € T UTBUTx}

(iii) Equip each arithmetical operation with a reasonable interpretation
(that is, with a function operating on the corresponding domains), i.e. define function

I with dom({‘)‘: {+—-.<,...} e.g.,&e I(Int) x I(Int) — I(Int)

(iv) Same game for set operations: define function ﬂfvith dom(I) = {isEmpty, ...}

(v) Equip each expression with a reasonable interpretation, i.e. define function
Ly Bupr x % x (W = [T UTs UTe)) — f{Bool)

...except for OCL being a three-valued logic, and the “iterate” expression.

T=TpeTaie T sl « g o



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

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

We set: {*3 Hree - valkes
e I(Bool) := {true, false, L pooi }
o I(Int) :==Z O { L}
o I(String) == ... { Lstring }
&k)otnt Lvnron

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

Given signature . with model basic types .7 and domain 2, set
I(T) == 2(T) U {Lr}

for each model basic type T € 7.

OCL and Model Types?! An Example.

& = ({Boojy Nat},{ VM, CP, DD},
{¢p: CP,dd : DDg, 1, wen : Bool, wis : Nat},
{VM — {cp,dd}, CP — {wen,dd}, DD — {wis})

Hodd Tgpes ocL Types :
D (M} = fo} T(Bool ) = $hae, fobe, 1 §

D (et) < fo,.., 2553 T(lt) s ZoiL,,1

(Vh) = N« {V‘"
o = $ 200 =804 Lya

frived foy
ocL

I'(&,olh):'l)(%//.Jo{_Luhg

T (Ust] = DWa#) v § Lt ]
= fO,-..,ZS'.\'ﬁ UiJ—M,.(i

T () =D(vk) o {L,)

7/29
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(i) Domains of Object and (ii) Set Types

mitypes -
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We set

I(r¢) == 2(C) U{L.}

o Let7 beatypefrom 7 UTs UTe.

o We set

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

Let ¢ be an (OCL) object type foraclass C € <.

I(Set(r)) = 21(T> U {J-Set(T)}

(iii) Interpretation of Arithmetic Operations

h-
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e Literals map to fixed values: ;(h , (}_ ) ;T }
I(t;'uc,) =true, I(false) :=false,  1(0):=0,
Qe (3,) 1(0clVndefined:) = L,
o Boolean operations (defined point-wise for z1,z2 € I(7)):
Hg\ E(H true Jfxy # Ly #x9andzy = x9
I(=7)(z1,22) :={ false ,ifzy # L # 22and 1 # a2
L Boor .Otherwise

T(=): L) ¥ Tle) - I(Boo/}

1) :=1,...

o Logical connectives, e.g. I(and)(-, ) : {true, false, L} x {true, false, L} — {true, false, L}

is defined by the following truth table:

1 true true true | false | false | false 1 1 1
o true | false 1 true | false 1 true | false | L
I(and)(x1,22) || true | false | L | false | false | false | 1 | false | L

We assume common logical connectives not, or, . . . with the canonical 3-valued interpretation.

9/29
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(iii) Interpretation of OcllsUndefined

-~ 4-2016-11-03 - Soclsemari

e The is-undefined predicate (defined point—wise) foraz € I(7)):
I(r

I(ocllsUndefined)(

1"5::{

true ifzx =1,
false , otherwise

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

o Integer operations (defined point-wise for z1, z2 € I(Int)):

I(+)(z1,22) == {

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

x1 +a2 L ifzr #LF#ao
4

, otherwise

W:TX...T7pn > 7, n>0
~

is a function

A

Iw) : I(11) X -+ x I(mn) = I(7T)
on corresponding semantical domain(s) of OCL (!) types.

(iv) Interpretation of Set Operations

h-
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Basically the same principle as with arithmetic operations...

Llett € ZUTBUT%.

e Set comprehension (z1,...,z, € I(7)):

I({}n) (@1, zn) == {z1,. .., Zn}

foralln € INg

o Empty-ness check (z € I(Set())):

I(isEmpty™)(z) := {

o Counting (z € I(Set(T))):

I(size™)(x) := {

true

false

||
Lrnt

Jifx=10

Lpoor ifx=Lgey(r

, otherwise

mumeu q[ c[r.u\.ud‘.s I 30

Az # Lger(r) apd %
, otherwise

ﬁu.‘f<

29
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(v) Interpretation of OCL Expressions

OCL Syntax 2/4: Constants & Arithmetics

OCL Syntax 1/4: Expressions

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

cweW D {selfp:ire | CEw} For example:
eapr = is a set of typed logical variables,
w w 0 has type () epr =
y g b V| truel false Bool
T % T — Bool « Tisany typefrom 7 LT U T | expry {and, or,implies} expr, : Bool x Bool — Bool
| it Ty T o U{Set(m) |7 € 7 U5 UT) [ not eapr Bool — Bool
- o Tyisasetof (OCL) basic types, Vo)1) 22| Int
V| ey empr)  im e x T Set(r) inthe following we use @) capry (...} caprs SInt x Int - Int
| isEmpty(eapry) Set(r) - Bool Tp = {Bool, Int, String} V| capry {<.<....} eapry Int x Int — Bool
| Seleapry) Set(r) > Int o Te={rc|Ce%} | OclUndefined, T
| allinstances, Setlrc) fsthe set o abjecttypes,
‘ T « Set(ry) denotes the set-of-7; N ) ol
s ) Generalised notation: (fehe notmal fpwn )
et becuse of atering i ol ) T
< jthe € {4,
loEpr), _ ifesy e vigear©)red, vt St
[ ri(eapry) e =T Where 11 - Doi € atr(C),C,D €, A1t +(1,2)
Q | ralepr,) 10 — Set(rp) where ry:D. € atr(C),C,D €€ : v““d#‘[,
7 1000
OCL Syntax 3/4: Iterate OCL Syntax 4/4: Context
Syntax: (Assuming signature # = (7., V, atr))
expr = -+ | expry->iterate(uw, : Ty ; wp : Ty = expry | exprg) V contezt s= context wy Ty, ... wn < Ty inv w,7‘/
or, with a little renaming, (4 where T; €  andw : 7r, € W forall 1 < < n.n >0
capr si= - | expry->iterate(iter : s result : Ty — expry | exprs)
‘Semantics:
context wy : Cy s 2 Cinv : expr
where
« eapr, isof a collection type (here: aset Set(r) for some o) isjust)an abbreviation for
« iter € W is called iterator, of the type denoted by T} allinstancesc, -> forAll(w, : ke, |
. 1 isomitted, i assumed s type of ier)
3 Lo
g « result € W is called result variable, gets type r; denoted by T, allinstancesc:,, > forAll(w,, : #, |
3 « capr, in an expression of type 7, giving the initial value for resu, e
3 (OclUndefined.., if omitted) )
4 « capr s an expression of type 72
Q in particular iter and result may appear in ezpr. )
: 13/29
o Recall: we have typed logical variables (w €) W, 7(w) is the type of w.
¢ By 3, we denote a valuation of the logical variables, i.e. for each w € W,
/\/‘\/\—/W\/-.
B(w) € I(r(w)).
. S&LC\“‘ € “
. .
sy, T & an 0L expresson
hd \/ 2
o Tl ] (s, B) = (K )
o fa= 3 ¥y P 4W i
(> Jd'g, = ( 3([{ = 4
L [L \/hl (6-/ ﬁ’l) ﬁq \/p) Vh
g
5
&
3

-4-2016

14/29



(v) Interpretation of OCL Expressions
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Example
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expr == w | w(expry, ..., expr,) | alllnstancesc | v(expr,) | ri(ezpr,)

| 72 (expry) | expr,->iterate(vy : 71 ; v2 : T2 = expry | exprsy)

N
o I[[w]] o,B) : /wa

o Ifw(expry,...,ezpr,)](o, l-(to) (I[C*fhs(d‘, ﬁ) J] .LZC'f’..:ﬂ[r /@) )

e I[allinstancesc] (o, B) : = dow (6‘) n PLel
Al dive objeds —olects of
m e cdass a

Note: in the OCL standard, dom (o) is assumed to be finite.
Again: doesn't scare us.

15/29

7 = ({Bool, Nat},{ VM, CP,DD},
{¢p: CP,dd : DDg, 1, wen : Bool, wis : Nat},
{VM — {cp,dd}, CP — {wen,dd}, DD — {wis})

OLDENBURG

g1 = {7VM — {dd = {IDD}, cp — {3DD75DD}}7 1pp — {wis — 13},
3cp — {dd — {1pp}, wen — true}, 5cp — {dd — {1pp}, wen — false}}

o I[w](e,B) := B(w) o I[alllnstancesc (o, B) := dom(o) N 2(C)
e Ifw(expry, ..., expr,)](o, B) := I(w)(I[ezpri](a, B), . . . I[expr,] (o, B))

e I[alllnstancescp](o1, 8 Jom[(r,} Q)(CN = {?'#4,422), 359, SCP}“w@P)
< § 3. 53

o Ifallinstancescp ->size] (o1, 3) = LI 8¢ (Ml i"f"‘”“a’ B(ﬁﬁ)
=) wwﬁzzﬁ,/z)) = T(e2el($3cp, a3} = 22

Py
o Bri= Bor), Ilselfl(on,51) = B, (s) = 3

16/29



(v) Interpretation of OCL Expressions

mexpr -
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Example
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expr == w | w(expry, ..., expr,) | alllnstancesc | v(expr,) | ri(ezpr,)

| 72 (expry) | expr,->iterate(vy : 71 ; v2 : T2 = expry | exprsy)

Assume expr, : 7c forsome C € €. Setuy := I[expr,|(o, ) € Bl T()

) i U,
o Ifv(expry)](c,B) := {i(01 i :of‘&:mi:bw[s)

17,29

7 = ({Bool, Nat},{ VM, CP,DD},
{ep: CP«,dd : DDg, 1, wen : Bool, wis : Nat},
{VM — {cp,dd}, CP — {wen,dd}, DD — {wis})

OLDENBURG

g1 = {7VM — {dd = {1DD}7 cp — {3DD75DD}}7 1pp — {wis — 13},
3cp — {dd — {1pp}, wen — true}, 5cp — {dd — {1pp}, wen — false}}

Assume expr, : ¢ forsome C € €. Setu; := I[expr,](o,B) € D(7¢c).

,if u; € dom(o)
, otherwise

o Iu(eapry)](o. B) = {ful)(v)

@iy
o Bi:={3cp}, I[wen(self)](o1,51) = 6 (Uy)(uwew) = S, Bep)loven) = +re

0 =TT (5, 4.1 =3,

18/29



(v) Interpretation of OCL Expressions
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expr = w | w(expry,..

., expr,) | alllnstancesc | v(expry) | r1(expry)

| 72 (expry) | expr,->iterate(vy : 71 ; v2 : T2 = expry | exprsy)

Assume expr, : 7¢c forsome C € €.

o Io(erpr)](e6) = {L

a(u1)(v)

(z)
Setuy := I[expr,](c, B) € Bze].

,if uy € dom(o)
, otherwise

- ‘é‘“ e 2 2) =
o I[ri(eapry)](o, B) == {z :';[‘mxc () aud o(u)(r.) = fuf

1 Coa

o Ir2(ezpry)l(o, ) := {_(_

fz‘cac

o(u) () , 4 us & dom ()

, ottwes'se

Recall: o evaluates r; of type C, to a set.

Iterate: Intuitive Semantics

- 4-2016-11-03 - Soclsemiter -

expr ::= expr, ->iterate(iter : T1;

result : To = expr, | exprs)

Set(1o) hlp := expry;

T1 1ter;

Ty result := expry;

ek a—.a/ remesire

ome elewment

while (!hlp.empty()) do

iter := hip.pop();
result 1= exprs;

od;

return result;

Condesd P v i e

way caupnse
by and resalt

ey

¥ /
all sty = Ml wonlsif))

19/29
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Iterate: Intuitive Semantics
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expr ::= expr,->iterate(iter : T1;

result : To = expr, | exprs)

Set(10) hlp := expry;
T1 1ter;

Ty result := expry;
while (!hlp.empty()) do

iter := hip.pop();
resull 1= exprs;
od;

return result;

Recall: In our (simplified) setting, we always have ezpr, : Set(7o) and 71 = 7o.
In the type hierarchy of full OCL with inheritance and oc1Any, 79 and 71 may be different
and still type consistent.

(v) Interpretation of OCL Expressions

- 4-2016-11-03 - Soclsemiter -

expr :=w | w(expry, ..., expr,) | alllnstancesc | v(expr,) | r1(expry)

| r2(expry) | expr,->iterate(vy : 71 ; v2 : T2 = expr, | exprs)

o Iexpr;->iterate(vy : T ; v2 : T2 = expry | exprs)] (o, B)

_ {Iuexmﬂ(a, 8) if Iezpry](o, 8) = 0

=) dterate(hlp, v1,v2, exprs, o, 8') , otherwise
where 3’ = B[hlp — I[expr,](o,B), wv2 — I[exprs](o, )] and
< :{ V,‘ 81'./&
- ’
o dterate(hlp,v1,v2, exprs, o, B) é\ ﬁ “f Va. {/5 I(u), Honserise

_ [ Hemral(o, Blor > a)) 8 (hip) = o)
) Iexprs](o, ) Jif B/ (hlp) = X U {z}and X # 0

where 8" = B'[v1 — z, w2 — iterate(hlp,v1,va, exprs, o, B [hlp — X])]

Quiz: Is (our) I a function?

20729
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Example
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Example

semexa -

- 4-2016-11-03 - Soc!

% = ({Bool, Nat},{ VM, CP,DD},
{ep: CP.«,dd : DDg, 1, wen : Bool, wis : Nat},
{VM +— {cp, dd}, CP — {wen, dd}, DD — {wis})

L-d
o=
=l
o
=
s
=
p—
o

o1 = {7VM — {dd — {1DD}, cp — {3DD75DD}}7 1pp — {wis — 13},
3cp — {dd — {1pp}, wen — true}, 5cp +— {dd — {1pp}, wen — false}}

context CP inv: wen implies dd . wis >0
MMJQL‘.

III“‘\S-!»[QC?Q{NA’”(J#/ ween (wplle dd. L0 >0 )

22/29

% = ({Bool, Nat},{ VM, CP,DD},
{ep: CP«,dd : DDg, 1, wen : Bool, wis : Nat},
{VM +— {cp, dd}, CP — {wen, dd}, DD — {wis})

L2
o=
-
oca
=
s
=)
p—
o

o1 = {7VM — {dd = {1DD}7 cp — {3DD75DD}}7 1pp — {wis — 13},
3cp — {dd — {1pp}, wen — true}, 5cp +— {dd — {1pp}, wen — false}}

context CP inv: wen implies dd . wis >0

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

adlvs“ﬂfnddw—ém /,d.[/ {: Bf ~ e ’( avol - )

2229



Example
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= ({Bool, Nat},{VM,CP,DD},
{ep: CP.«,dd : DDg, 1, wen : Bool, wis : Nat},
{VM +— {cp, dd}, CP — {wen, dd}, DD — {wis})

L-d
o=
=l
o
=
s
=
p—
o
|
[

o1 = {7VM — {dd — {1DD}, cp — {3DD75DD}}7 1pp — {wis — 13},
3cp — {dd — {1pp}, wen — true}, 5cp +— {dd — {1pp}, wen — false}}

Fi= context CP inv: wen implies dd . wis >0 ef’”’

alllnstancescp -> iterate (self;r : Bool = true | end(r, implies(wen(self), >(wis(dd(self)),0))))
T allhstoms 3(«»,,@) ={ 367152‘!’3 =epr

~ Ge)
oo, flf B, rasd) )= Tt ) (TE3e. ), L0156, .1 )= I(a)ﬁ»««%u\

b o) - Tlle) (FEomn )35, ), T0)( rzuzs(—“/#ﬂﬁ(wé) o)) ©

I-LJJ(W)MO»,&') h,lbb w
TCwis (OB (s )= 15

Lo (Ao, 4 ) e G

(%) =1(s, _Jewe
Iﬁ.@?‘l(wn,{lgﬁs-cr,f(—ﬂmi):hu Imi-MY.ﬁ,} ‘IL

22/29

Tell Them What You’ve Told Them. . .
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e Given

e an OCL expression expr,
¢ and a system state o,

e and a valuation 3 of the logical variables
e we can compute the value
Iezpr] (o, B) € {true, false, L pooi }
of exprin o under 3

e using the interpretation function

I[-1(-, -) : OCLEzpressions(#) x 2 x (W — (7 UTg UTy))
— I(Bool).

2329
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User’s Guide

Example:

* App
Task: Given a square with side length a = 19.1. What is the length of the longest
The straight line fully inside the square? ‘

Itis
Submission A: Submission B:
The length of the longest straight line fully
inside the square with side length a = 19.1
is 27.01 (rounded).
e Inte
27 The longest straight line inside the square
Abst is the diagonal. By Pythagoras, its length is

Va2 + a?. Inserting a = 19.1 yields 27.01
(rounded).

» Exercise submissions:

Each task is a tiny little scientific work:
(i) Briefly rephrase the task in your own words.
(i) State your claimed solution.
(i) Convince your reader that your proposal is a solution (proofs are very convincing).

a 3134
’ .
User’s Guide
Example:
* App P
Task: Given a square with side length a = 19.1. What is the length of the longest
The straight line fully inside the square?
Itis
Submission A: Submission B:
The length of the longest straight line fully
inside the square with side ha =19.1
is 27.01 (rounded).
¢ Inte The longest inside the square
Abst is the diagon: agoras, its length is
Va2 + a2 In g a = 19.1 yields 27.01
(rounded).
o Exercise submissions:
Each task is a tiny little scientific work:
(i) Briefly rephrase the task in your own words.
(i) State your claimed solution.
2 (i) Convince your reader that your proposal is a solution (proofs are very convincing).
I 3134

24,29
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Formalia: Exercises and Tutorials

016-10-18 - Sformal

1-2

o You should work in groups of approx. 3, clearly give names on submission.
o Please submit via ILIAS (cf. homepage); paper submissions are tolerated.

e 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, 12:00 (exercises A submission)
Tuesday, 8:00 (exercises A submission)
8-10 Tutorial A
Thursday 8-10 Lecture B1 (exercise sheet B online)

o Ratin

system: “most complicated rating system ever”

_——a=log —
¢ Admission points (gbod-will rating, upper bound)

reasonable proposal given student’s knowledge tutorial”)

o Exam-like points (evil rating, lower bound)
(“reasonable proposal given student’s knowledge tutorial”)

10% bonus for early submission.

e Tutorial: Plenary,

o Together develop one good solution based on selection of early submissions (anonymous) - there is
no “Musterlésung” for modelling tasks.

29/34

° E.a.

g & o Skt as (oS, exmple

o ¥ SMLW»{SS‘[M
— ~l0 S""a[p:b« Jops
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