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Last Lecture:
7
Basic Object System Signature . and Structure &

System State o’ ©%
(Smells like they're related to class/object diagrams, officially we don't know yet. .. )

This Lecture:
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?
Can you think of a system state satisfying this constraint?
Please un-abbreviate all abbreviations in this OCL expression.

In what sense is OCL a three-valued logic? For what purpose?

How are 2(C) and 7¢ related?

Content:
OCL Syntax, OCL Semantics over system states

2/36



What is OCL? And What is It Good For?

I
2
I
e
g
q
o
]
What is OCL? How Doesit Look Like?
e OCL: Object Constraint Logic.
OCL/Beispiel
TeamMember Meeting Location
name : String 2"*_. mectings title : String * : String
age : Integer | Participants * | numParticipants : Integer 1
start : Date
duration: Time
move(newStart : Date)
@ context TeamMember inv: age => 18
|
2 @ context Meeting inv: duration > 0
<
wn
8
g
I
3
|

((C) Prof. Dr. P. Thiemann, http://proglang. informatik.uni-freiburg.de/teaching/swt/2008/)
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What's It Good For?

e Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

cadet TLC inv: not (ed aul fecan)
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What's It Good For?

e Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

e Not unknown:
write down pre/post-conditions of
methods (Behavioural Features).
Then evaluated over two system states.
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e Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

e Not unknown:
write down pre/post-conditions of

methods (Behavioural Features). - P e o acho
Then evaluated over two system states. ol /
e Common with State Machines: J %

guards in transitions. - .ﬁd'fu-[ﬁ‘(]/"‘" .
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e Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

e Not unknown:
write down pre/post-conditions of
methods (Behavioural Features).
Then evaluated over two system states.

e Common with State Machines:
guards in transitions. e

e Lesser known: P
provide operation bodies.
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e Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

e Not unknown:
write down pre/post-conditions of
methods (Behavioural Features).
Then evaluated over two system states.

e Common with State Machines:
guards in transitions.

e Lesser known:
provide operation bodies.

o Metamodeling: the UML standard is a
MOF-Model of UML.

[‘OCL expressions define well-formedness of
UML models (cf. Lecture ~ 21).

Plan.

o Today:

(®+ The set OCLEzpressions(.#) of QCL expressions over ..
P g B S e g
» Given an OCL expression expr, a system state o € £%,, and a valuation of

logical variables 3, define

t é expr] (o, B) € {true, false, L}.

o Later: use I to define = C ¥% x OCLExpressions(.?).

0.8 e

7, 8D

B =(Qsp. 0, Az, —sp, Fsp)

(o1,e1) (consy,Snd,)

G=(NEf)
~
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Class Diagram

Component Object
Diagram Diagram

—
Activity
Diagram

Composite
Structure

Deployment
Dlagram Diagram

Package
Diagram

Sequence
Diagram
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(Core) OCL Syntax [OMG, 2004

OCL Syntax 1/4: Expressons
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Qume exErRSSie
prr n=

e of &

oxpession
—
w “‘st 7 (w) *’f}’

| expr,=rexpr,

| ocllsUndefined, (expry)

| {expry,... expr,}
| isEmpty(expry)
| size(expry)

| alllnstancesc

| v(expry)
| r1(expry)

| 2 (expry)

ST~

17 X7 — Bool

: 7 — Bool

ST X o X T — Set(T)

: Set(1) — Bool
: Set(1) — Int

: Set(Tc)

: 1o — 7(v)
cTC — TD

: 7o — Set(1p)

et

Where, given & =

7/36

) 7‘/7 atr)'
W D {self o | C € is a set

of typed logical variables,
w has type 7(w)

T is any type from
U {Set(To) | T0 €TB UTcg}

o Tp is a set of basic types, in
the following we use
T = {Bool, Int, String}

o Ty ={1c | C € €} is the
set of object types,

o Set(1o) denotes the
set-of-79 type for
T0 €E T UTe¢
(sufficient because of
“flattening” (cf. standard))

v:7(v) € atr(C), T(v) € T,
r1: Do € atr(C),
ro : Dy € atr(C),

C,De%. 8
/36



OCL Syntax: Notationd Conventions for Expressons

o Each expression

N w(expry, expry, . .., expr,)
‘ L—

T X X T — T
' "

may alternatively be written (“abbreviated as")

e eapr, . wlexpry,..., expr,) if r is
o expr; => w(expry, ..., expr,) if 71
(here: only sets), i.e. if 4 = Set(7)

@)f‘« P y Vasallss

an object type, i.e. if 11 € Ty.

is a collection type

for some 7 € Ty U T
ethileles

° Exar‘nples’: (selfc: T7c €W, wvw:Int eV, ri:Dgi1,r2:Di€V)
v w

U e -0 ] :

Y )

T
o self -> isEmpty T int

. T2

o .géwp‘b( b’z(w(F))

o self .71 . w ))
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OCL Syntax 2/4. Constants, Arithmetical Operators

For example:

expr =
| true, false
| expr; {and,or,implies} expr,
| not expry
10,-1,1,-2,2,...
| OclUndefinedy
| expry {+,—,...} expry
| expry {<,<,...} expry

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

with w e {+,—,...}
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: Bool

: Bool x Bool — Bool
: Bool — Bool

: Int

i T

s Int X Int — Int

: Int x Int — Bool

T X X Ty — T

9/36
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OCL Syntax 3/4. Iterate
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expr = --- | expr;—>iterate(wy : Ty ; wo : To = expry | expry)

or, with a little renaming,

expr := - - | expry->iterate(iter : T1; result : 7o = expry | exprs)

where

expr, is of a collection type (here: a set Set(7) for some 79),

iter € W is called iterator, gets type 71
(if 71 is omitted, 79 is assumed as type of iter)

result € W is called result variable, gets type 7o,

expry in an expression of type 7o giving the initial value for result,
(‘OclUndefined’ if omitted)

exprs is an expression of type 7
in which in particular iter and result may appear.

Iterate: Intuitive Semantics (Formally: later)
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expr .= expr,—>iterate(iter : Tq;

result : To = expry | exprs)

Note: In our (simplified) setting, we always have expr, : Set(r1) and 79 = 1.

ne€ O,
but e fs:mécm&_

Sed (o) hlp = (expry);
To Tesult = {exprs);
while (1hip.empty()) do— vemare ebuwscd

71 dter = hip.pop(); “
result = (exprs);

od

In the type hierarchy of full OCL with inheritance and oclAny,
they may be different and still type consistent.

11/36
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Abbreviations on Top o Iterate
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expr ::= expr,->iterate(w; : 7;

Wy : Ty = expry | exprs)

. expry—>forAll(w : 7 | ezprs)
is an abbreviation for

expr1—>iterate(w: T1; wy : Bool = true | w1 A\ 633297“3)-

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

o Similar: expry—>Exists(w : 11 | expry)

OCL Syntax 4/4. Context
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context ::= context wy : Ty,..., Wy, : Ty INV : €TPT

wherew e Wand 1, € Ty, 1 <i<n,n>0.

context wy : C1,...,wy : C, inv: expr
N e

is an abbreviation for k'_zé-/_\ \
W

alllnstancesc, => forAll(w; : C1 |

alllnstancesc, => forAll(w,, : C, |

13/36

14/36



Context: More Notationd Corventions

o For

context self : 7 inv : expr

we may alternatively write (“abbreviate as”)

context 7¢ inv : expr

o Within the latter abbreviation, we may omit the “self”

S

elf v and

self.r

we may alternatively write (“abbreviate as”)
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v and

r

Examples (from ledure “ Sdtwaretechnik 2008’ )

in expr, i.e. for

15/36

$= (§ Striwy . beges, - §,
S.Tw"“‘ HM“SQ‘ ] Mtﬁl
Lowhom3,
5«34 L-ch,u 5
Y Teamblebus H) 7«3»

b))
L
el

é’/\/\/\/\/\/\/\»
l.,\s‘l'oww

d

OCL/Beispiel

TeamMember

age : Integer

2.
name : String

~is aw OCC j
[\~ @ context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

£ = focAll (sci{.' ,::quuﬂs)

Meeting Location
"
_ MeoE | fitle : String : String
participants * | numParticipants : Integer

start : Date
duration: Time

move(newStart : Date)

!

¢

slf.

S -

— 03 - 2011-11-02 — Soclsyn —

{;‘q?m(qq:z‘m, fes: Sl = ne | age S/ owd fes)

%91‘3 Qud m)
amv(( s e 28
¢y a.uk{mcs-m o it (bl Ty, ot Boo/=clace, | dodd (» (dgeCelle) ),

, )

x))

16/36

matik.uni-freiburg.de/teaching/swt/2008/)

nn, http://proglang.infor

((C) Prof. Dr. P. Thiemay



Examples (from ledure “ Sdtwaretednik 2008')
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OCL/Mehr Navigation/Beispiele

TeamMember Meeting Location
2.* til *
name : String — meethes title : String : String
age : Integer | Participants * | numParticipants : Integer: 1
start : Date

duration: Time

move(newStart : Date)

@ context Meeting
@ inv: self.participants->size() =
numParticipants
@ context Location
@ inv: name="Lobby" implies
meeting->isEmpty ()

((C) Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008/)
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Example (fromledure “ Sdtwaretechnik 2008")
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TeamMember Meeting Location
2.* ti ®
name : String — meethgs title : String : String
age : Integer | Participants * | numParticipants : Integer 1
start : Date

duration: Time

move(newStart : Date)

o context Meeting inv :
((participants -> iterate(i : TeamMember;n : Int =0 |n+i. age))
/@articipants -> size()8> 25
o ot Jean vnslelnis Wz
o Swn W age of pukicipats o a wadug

g\\{v‘.@?fl VL!Q(IQVIO,'[L‘M%‘ @‘4
(rrcgonds dudl Le pende I

1836



“Not Interesting”
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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)

OCL Semantics [OMG, 200§

19/36
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The Task

OCL Syntax 1/4: Expressons
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expr =

w

| size(expry)
| alllnstancesc

| v(ewpry)

o | ra(eapry)
| ro(eapry)

| expri=rewpr,
| ocllsUndefined (ezpry)

[ {expry. ..., expr,

| isEmpty(expry)

Where, given . = (7,6, V, atr),
W D {self} is a set of typed

logical variables, w has type T(w)

s7(w) 7 is any type from Z UTpUT%

.7 x 7 — Bool U {Set(r0) | 0 € T UT%}

T's is a set of basic types, in
the following we use

Ts = {Bool, Int, String}
Te ={1c | C € €} is the
set of object types,

Set (7o) denotes the

: 7 — Bool

ST X e X T — Set(T)
: Set(T) — Bool
: Set(t) — Int

: Set(rc) set-of-7y type for
70 € T UTs
110 — 7(v) (sufficient because of
1T — Tp “flattening” (cf. standard))

v:7(v) € atr(C), T(v) € 7,
r1: Do € atr(C),

r2: D, € atr(C),

C,De?.

170 — Set(tp)

Given an OCL expression erpr, a system state o € 2, and a valuation of
. - . 4 .
logical variables (3, define, - — — — — >~

-

e S A————
I[-1(-, ) : OCLEzpressions(#) x 2 x (W — I(Z UTpUT¢)) — I(Bool)

such that

Iexpr] (o, B) € {true, false, L pooi }.

Basically businessas usual...
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(i) Equip each OCL (!) basic type with a
reasonable domain,
i.e. define function I on

Tp C dom([)

(i) Equip each object type 7¢ with a rea-
sonable domain,
i.e. define function I on

ETCSC dom(I)

(most reasonable: Z(C')
as determined by structure 2 of .%7).

(iii) Equip each set type Set (7o) with rea-
sonable domain,
i.e. define function I on

{Set(r9) | 70 € T UTw} C dom(I)

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

l.e. define function I on

{+,— <,...} C dom(J),
e.g., I(+) € I(Int) x I(Int) — I(Int)

(v) Set operations similar:
Define function I on

{isEmpty, ...} C dom([)

Equip each expression with a reason-
able interpretation,
i.e. define function I on

&E’zpr x %2
x (W —I(7UTgUTy))

< oo~ (Z/ JaSe=iaig

(vi

=

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

21/36
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(i) Domains of Basic Types
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Recall:
Tp = {Bool, Int, String}

Yua &gma( “
We set:

I(Bool) := {true, false} U{Lpoo}
I(Int) =ZU{ L}
I(String) :== ... U{Lstring }

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

(i1) Domains of Objed and (iii ) Set Types
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Now we need a structure 2 of our signature . = (J, %, V, atr).

Recall: 2 assigns an (infinite) domain Z(C) to each class C' € %.

Let 7¢ be an (OCL) object type for a class C' € 7.
We set P dioicd e
I(¢) == 2(C) U{L,.}

Let 7 be a type from T U T.

We set
I(Set(7)) := 21(7) {J—Set(r)}

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

23/36
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Basically businessas usual...
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(i) Equip each OCL (!) basic type with a (iv) Equip each arithmetical operation
reasonable domain, with a reasonable interpretation
i.e. define function I on (that is, with a function operating on

the corresponding domains).

T C dom(I) |.e. define function I on
{+,—,<,...} C dom(I),
ii) Equip each object type 7¢ with a rea-
(i) sfna,lile domafn Ype 70 e.g. I(+) € I(Int) x I(Int) — I(Int)
i.e. define function I on (v) Set operations similar:
Define function I on
Te C dom(I)

{isEmpty, ...} C dom(])
(most reasonable: 7(C')

as determined by structure 9 of .%). (vi) Equip each expression with a reason-
able interpretation,
(iii) Equip each set type Set(7y) with rea- i.e. define function I on
sonable domain,
i.e. define function I on I: Expr x E%
{Set(ro) | 70 € Tg UT¢} € dom(I) x (W= I(T VT U Te)
— I(Bool)

...except for OCL being a three-valued logic, and the “iterate” expression.
25/36

(iv) Interpretation o Arithmetic Operations
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Literals map to fixed values:
I(true) := true, I(false) := false, I(0):=0, I(1):=1,...
I(OclUndefined.) := L,

Boolean operations (defined point-wise for z1,x2 € I(7)):

true Jifxy #£ 1 # x9 and 1 = 22
I(=:)(z1,22) := ( false ,ifx1# 1L, # 22 and 1 # 22
1 Boor , otherwise

Integer operations (defined point-wise for 1, z2 € I(Int)):

1 +x0 ,if 21 #L#xz
1 , otherwise

1(+)(@1,22) = {

Note: There is a common principle.
Namely, the interpretation of an operation w : 71 X ... 7, —> T
is a function I (w) : I(71)X---xI(1y) — I(T) on corresponding semantical domain(s).

26/36



(iv) Interpretation d OcllsUndefined
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o The is-undefined predicate (defined point-wise for x € I(7)):

t ifo=1,
I(oclisUndefined, ) (z) := { e L

false , otherwise

(V) Interpretation o Set Operations
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Basically the same principle as with arithmetic operations...

Let T € Tg UTyw.

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

I{} ) (@1, zp) ==Hz1, ..., 20}

for all n € INg

o Empty-ness check (z € I(Set(7))):

true Lifz =0
I(isEmptyT)(x) =4 LBoar ,ifx= J—Set(T)
false , otherwise

o Counting (z € I(Set(7))):

I(size™)(x) := |z| if © # Lge(r) and Ly, otherwise

2736
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(vi) Putting It All Together: Semantics of Expressons

o Task: Given OCL expression expr, system state o € E?p, and valuation 3, define

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

such that

Iexpr] (o, B) € {true, false, L pooi }-

OCL Syntax 1/4: Expressons

s (w)

L

Where, given . = (7,6,
o W D {self} is a set of
logical variables, w has

« T is any type from .7 U
U {Set(ro) | 0o € Ts U

OCL Syntax 2/4: Constarnts, Arithmetical Operators (/

For example:

| expry = eapry 7 x 7 — Bool eapru= ...
| ocllsUndefined, (ezpry) : T — Bool . Thu ';ﬁ set of basic | true, false : Bool
the following we ued ,
| Leapre. . capr.] crxoxr e Sel(r) T Bool It | eapry {and, or, implies} ezpr, : Bool x Bool — Bool
| isEmpty (ezpry) : Set(r) — Bool o Ty ={rc|C e} | not ezpry : Bool — Bool
. Set(r) — Int set of object types, 10,-1,1,-2,2,... s Int
| szl ezprs) 'Se (r) = In + Set(r) denotes the | OclUndefined i
I : Set -of -
I allinstancese et(rc) hofm bype for | eapry {1} expry Tt x Tt — Tt
| v(eapry) 170 — 7(v) (sufficient because d | ea ...} eapry : Int x Int — Bool
|71 (eapry) C1e =D “flattening (cf. sta
calexpr) : 1c — Set(tp) o v:7(v) € atr(C), 7(v) Generalised notation:
I
L ; o Dy € atr(C), capr = aleapry,... expr) -
5 g e ra: D, € atr(C), 2
S . .opew - withwe {+,—,...}
v 1
! OCL Syntax 3/4: Iterate
o8 OCL Syntax 4/4: Context
a
-
= eapr = -+ | expry->iterate(wy : Ty wy : T, = expry | exprs)
2 context = context wy : 7y, ..., Wy Ty IOV : ezpr
) or, with a little renaming, A .
- wherew e Wand 7, € T, 1 <i<n,n>0.
=] expr = - - | expry~>iterate(iter : Ty; result : Ty = eapry | expry)
I
whara
» Recall: we have typed logical variables (w €) W, 7(w) is the type of w.
o By (3, we denote a valuation of the logical variables, i.e. for each w € W,
B(w) € I(T(w)).
I
£
3
o
S
%]
I
&
8
i
=
i)
o
=
S
I
-
3
I
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(vi) Putting It All Together...
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expr = w | w(expry,..., expr,) | alllnstancesc | v(expr,) | r1(expry)

ro(expr expr,—>iterate(vy : 71 ; v2 : T2 = expr expr
Py PTy % 3

o I[w](o, B) == B(w)
o Ifw(expry,...,expr,)](o,B) = I(ca)@l[@ﬁ,.ﬁ&l‘,/f), - IWuU(‘;’ﬁ))
. I[[alllnstanceig]](a, B) == dom(o) /]o(D(C')

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

(vi) Putting It All Together...
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expr = w | w(expry,..., expr,) | alllnstancesc | v(expr,) | r1(expry)

ro(expr expr,—>iterate(vy : 71 ; V2 : T2 = expry | expr
1 1 2 3

Assume ezpr, : 7¢ for some C € €. Set uy := I[expr] (o, 3) € 2(1¢).

 Io(empr)](o. 9) = {(‘i{”‘»f”’ ; s dn

o I[ri(expry)l(o, B) :=

o I[ra(expry)l(o, B) :=

(Recall: o evaluates ry of type C, to a set)

31/36
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(vi) Putting It All Together...
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expr = w | w(expry,..., expr,) | alllnstancesc | v(expr,) | r1(expry)

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

I[expr,->iterate(v1 : 71 ; v2 : T2 = expry | exprsy)](o, B)

{Iﬂemprzll ) | if Iexpr, (o, ) =

iterate(v1,v1,v2, exprs,o,3"”) , otherwise
where 3" = B[01 — I[expr,] (o, 8) \ {z},v1 — z,v2 — I[exprsy](o, B)] and
B(v2) CAf B(01) =0

iterate(01,v1, v2, expry, 0, 8) =< . ~ , !
iterate(v1,v1, v, exprs, o, 3’) , otherwise

where 8" = o1 — B(v1) \ {z},v1 — z,v2 — I[ezpr;](o,B)], v € B(1)

Quiz: Is (our) I a function?
Not if the outcome depends on order of choice of the x!

31/36
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EX | TeamMember Meeting Location
I I l 2.* til *
a p e name : String — meetings title : String : String
age : Integer  [Participants * | numParticipants : Integer 1 3
start : Date ]

duration: Time

move(newStart : Date)

® context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

32/36
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Outlook on Type Theory

W&l -Typedness..
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o Note: in the definition of I, we have silently assumed that expressions
are well-typed.

o Which is somewhat clear from the typed syntax. For instance,
context C'inv: r ->size() + 1
is “obviously” well-typed, while
context Cinv:r+1

is not (if 7 : D).

¢ In Lecture 06:

A precise definition of well-typed expressions using basic type theory.

Why so late? Consider visibility of attributes in one go.

33/36
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