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Last Lecture: \
e Basic Object System Signature . and Structure &2, System State o € Zi%

(Seems 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?

e Content:

OCL Syntax, OCL Semantics over system states
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What is OCL? And What is It Good For?

What is OCL? How Does it Look Like?
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e OCL: Object Constraint Logic.

OCL/Beispiel

@ context Meetin

@ context TeamMember

move(+w§mrt : Date)

iny:

nv: age => 18

duration > 0

{ T
TeamMember Meeting Location
2.% til *
name : String — meetings title : §tring name : String
age : Integer | Participats * | numPdrtici : Integer 1
start : Pate
duratiop: Time

((C) Prof. Dr. P. Thiemann, http://proglang. informatik. uni-freiburg.de/teaching/swt/2008/)



What’s It Good For?
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What’s It Good For?

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

Often targeting all alive objects of a
certain class.
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Most prominent:
write down requirements supposed to be
satisfied by all system states.

Often targeting all alive objects of a
certain class.

Not unknown:

write down pre/post-conditions of
methods (Behavioural Features).

Then evaluated over two system states.

Common with State Machines:
guards in transitions. E

Lesser known:
provide operation bodies.

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

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



Plan.

e Today:
o The set OCLEzpressions(.#) of OCL expressions over .&.

e Next time:

e Given an OCL expression expr, a system state o € E?, and a valuation of
logical variables 3, define the interpretation function

I[expr](o, B) € {true, false, L}.

CD, SM CD, SD s
S — (TG, V, atr), SM ¥.SD
M = (25, Az, —sm) B = (Qsp, 490, Az, —sp, Fsp) ‘ o
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(Core) OCL Syntax [OMG, 2006]
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OCL Syntax 1/4: EXpresSions — \nere, given & = (T.€,V, atr),
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o W D {self | C € €} is a set of
e typed logical variables,
expr = A
5}  (w) w has type 7(w), 'z-/m/[c):z'cz
| eapry—, eapr % T — Bool e T is any type from T UTg UTy
1= 2 ) U{Set(m) | 70 € T UTs}
| ocIIsUndefinedT(eazprl) : T — Bool v
e Tp is a set of basic types, in i,

| {expry,....expr,} 7 X - X T — Set(7) the following we use .
| isEmpty(ezpry) : Set(T) — Bool T = {Bool, Int, String}
| size(expry) : Set(r) — Int o Ty ={rc | C € €} is the set
| alllnstancesc : Set(1¢) of object types,
o Set(7p) denotes the set-of-7
| U(e$p7”1) “TC T(U) type for 79 € Tp U Ty
| r1(expry) :TC — TD (sufficient because of
| ro(expry) : 7o — Set(Tp) “flattening” (cf. standard))

o w:T(v).€ atr(C), 7(v) € 7,
o1 Doy, € atr(C),
o ro: Dy € atr(C),

e C,De%¥.
8/23
Expression Examples
expr =
w cT(w) | size(expry)  : Set(r) — Int
| expry=r epry % 7 — Bool | allinstancesc  : Set(7¢)
| ocllsUndefined,(expr;) : 7 — Bool | v(expry) c10 — 7(v)
| {expry,....expr,} 7 X -+ X T — Set(T) | r1(ezpry) STC_H‘S-th
‘ isEmpty(ewprl) . Set(T) — Bool | 7’2(6xpr1) FTC — o€ (TD)

= {’mfj {Teau,./&m&r, /'(lmluvfl f?uéf, pecef -'/L(o',,, fm.('c T/%‘{/
s ( l (ot ™) (ot ) f'ﬂfH{t@e,ﬂwzé}, k,g{pvv‘k)?}
o b T o dge (#lhy) : % = hf
o all stces - 5040%) o age (lfp) MO, becmst gge (4]

@)

Py S%Q ( dﬂlvﬁ"‘ﬂﬁ(@}h ) T:f ¢ M’l\\a (sel{:’rh) i 2"[’!‘a z—/»(
spuchie (ol ): T — bt

— 03 — 2014-10-28 — Soclsyn —



Notational Conventions for Expressions

e Each expression
w(expry, expro, ..., €xpr,) i TL X <+« X T — T

may alternatively be written (“abbreviated as")
o expr; . w(expry,...,expr,) if 71 is an object type, i.e. if 1 € Ty.
o expr; -> w(exprsy,...,expr,) if 11 is a collection type

(here: only sets), i.e. if 7 = Set(ry) for some 79 € Tp U Ty .

t’iC,D%r a)’((d) =§V, (2/f1§, 4_.14-(3)) 7{‘05
o Examples: (self : 7o € W;  wv,w:Int €V, :Dg1,r2: Dy €V)

° self Y, Mv(ﬁﬁc}

1

’t& w ‘\769"1
oself 71 . WMW(S&‘)ZG>M N(‘f (aa({)}

)
° self ro —> isEmpty M\.b }Sgtpéf( 23 (-Qé[)>

xpia gef (%) 10/23
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OCL Syntax 2/4: Constants & Arithmetics

For example:

expr = ...
| truelfalse : Bool
| expr; {and,or,implies} exprs : Bool x Bool — Bool
| not expr; : Bool — Bool
Lol —1f1—212f... . Int
| OclUndefined, 0T
| expry {+,—,...} expry . Int x Int — Int
| expry {<,<,...} expry . Int x Int — Bool

Generalised notation:

“fg expr == w(expry,...,expr,) CTLX X Ty = T
S owithwe {+,—,...} e4: {:('w,%&)
- eopl. + CXPI,

11/23



OCL Syntax 3/4: Iterate

expr = --- | expr->iterate(w; : 11 ; wo : To = expry | exprs)

or, with a little renaming,

expr = --- | expr1—>iterate(iter[: TJ; result : Ty = expry | exprs)

where

o expry is of a collection type (here: a set Set (o) for some 70),
o jter € W is called iterator, gets type 7

(if 71 is omitted, (7)) is assumed as type of iter)

— 03 — 2014-10-28 — Soclsyn —

Iterate:

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

e exprq in an expression of type T giving the i
(‘OclUndefined’ if omitted)

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

itial value for result,

12/23

Intuitive Semantics (Formally: later)

expr ::= expr,—>iterate(iter : Ty;

result : 7o = expry | exprs)
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\é psendp cody_

Set(o) hlp = (expry);
T1 1ter;
Ty result = (expry); f""& o e%:“'f
auvd  rerd
while ('hlp.empty()) do
iter = hlp.pop(J;
result = (exprs);

od
MW@%»;;MQ(;/&%}. el < Bool = He. |

roubt dnf 17195 2 18)

1323



Iterate: Intuitive Semantics (Formally: later)

expr ::= expr,—>iterate(iter : Ty;

result : 7o = expry | exprs)

Set(o) hlp = (expry);
T1 1ter;

To result = {expry);
while (\hilp.empty()) do

iter = hlp.pop();
result = (exprs);

od

;j Note: In our (simplified) setting, we always have expr; : Set(r1) and 79 = 71.
f In the type hierarchy of full OCL with inheritance and oclAny,
S they may be different and still type consistent.
8| 13/23
Abbreviations on Top of Iterate
expr = expr,->iterate(wy : 7y;
wy : To = expry | exprs)
il 7] i
o expr,—>forAll(w(: T1|| exprs) ald -
is an abbreviation for _)ﬁ"w/i//fe;(
2 (8)
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expr,—>iterate(w: 1; wy : Bool = true | wiandexprs).

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

e Similar: expr->Exists(w : 71 | exprs)

14/23



OCL Syntax 4/4: Context

context ::= context wy : T(,..., Wy : Ty INV : expr

wherew e Wand 1, €Ty, 1 <i<n,n>0.

contextlwl :]Cl, . ,[wn :]Cn inv : expr

is an abbreviation for Cméx{qaj?,;u'.
OMJM’Z ™, M .'N: alllnstancesc, => forAll(wy : C1 |
Hh —>Ss c(%) o ol lrstaus.,
=S 7
alllnstancesc, -> forAll(w,, : C,
wnplies n (o On | S forble (el |

expr

Al M‘L'mg Wm.%%K)

-:_--S'LF'J/\

15/23
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Context: More Notational Conventions

e For
context self : 7o inv : expr

we may alternatively write (“abbreviate as")

context 7o inv : expr

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

v and r
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Examples (from lectur
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Examples (from lecture “Softwaretechnik 2

Unnabiscevizie

Ml lnstmnor, sibsate (2

TeamMember

2.
name : String

Meeting

Location

meetings

age : Integer

——

participants

* numParticipants : Integer

title : String

: String

start : Date
duration: Time

move(newStart : Date)

@ context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

ik.w

rmat.

((C) Prof. Dr. P. Thiemann, http://proglang.info:

:772 n9;150/2=’4&41

conut S?-m  Tere fonbe iny el age >= I8

ll bstaes i, > 0P (b 7 | s - g2 > 48)
i sl g 1 i | 5 5 A7)

3uwm A

wd (v, 2 (e (xtfs), K))

08 )))
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TeamMember

2.*

meetings

OCL/Mehr Navigation/Beispiele

name : String
age : Integer

participants

® context Meeting
@ inv: self.participants->size ()

@ context Location
@ inv: name="Lobby" implies
meeting->isEmpty ()

numParticipants

<

3

3

S

é)

)

£

S

1

3

3

<

)

]

50

o

3

S

5

&

N

3

Meeting Location A

5

title : String : String E
* numParticipants : Integer| 1 ‘E
start : Date w
duration: Time E
W

‘move(newStart : Date) 2
N

s

B

b

b:]

5

5

= :

=

a

&

g

a
g
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Example (from lecture “Softwaretechnik 2008 )

TeamMember Meeting Location
2.% tings *
name : String — mectings title : String name : String
age : Integer  |Participants * | numParticipants : Integer 1
start : Date

duration: Time

‘move(newStart : Date)

e context Meeting inv :
participants => iterate(i : TeamMember;n : Int =0 | n +1i. age)

/participants => size() > 25

19/23
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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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OCL Semantics: The Task

— 03 — 2014-10-28 — main —

— 03 — 2014-10-28 — main —

expr =
w s (w) | size(expr;)
| expry=r exprs % 7 — Bool | alllnstancesc
ocllsUndefined, (ezpry) :7 — Boo v(expr
lIsUndefined 1 Bool 1
| {expry, ... expr,}: 7 x - x T — Set(r) | 71(expry)
| isEmpty (ezpry) : Set(r) — Bool | "2(€PT1)

: Set(r) — Int
: Set(m¢)

c70 = 7(v)

S Te = TD

: Te — Set(Tp)

e Given an OCL expression ezxpr, a system state o € E?,, and a valuation of logical

variables 3, define

I[-](-, -) : OCLEzpressions(#) x 2, x (W — I(F UTg UT¢)) — I(Bool)

i.e

0“;-{47»; biage=2%  Ilewpr](o,f) € {true, false, L poor}.

bk =S8 L2 ol ik 0T

References
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