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Last Lecture:
OCL Syntax

This Lecture:

Educational Objectives: Capabilities for following tasks/questions.
What is an object diagram? What are object diagrams good for?
When is an object diagram called partial? What are partial ones good for?
When is an object diagram an object diagram (wrt. what)?
Is this an object diagram wrt. to that other thing?

How are system states and object diagrams related?
What does it mean that an OCL expression is satisfiable?
When is a set of OCL constraints said to be consistent?

Can you think of an object diagram which violates this OCL constraint?

Content:
OCL Semantics
Object Diagrams
Example: Object Diagrams for Documentation

NCl - ~Arcictan~cys c~ticEiARii+y,
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OCL SemanticfOMG, 2006]
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OCL Syntax 1/4: EXpressions _
The Ta.Sk Where, given . = (7,6, V, atr),

W D {self} is a set of typed

— 04 — 2011-10-31 — Soclsem —

eTpr 1= logical variables, w has type 7(w)
w t(w) T is any type from S UTp U Ty

| expr,=rexpry : T X T — Bool U {Set(ro) | 70 € Ts U T}

Tg is a set of basic types, in

| ocllsUndefined (expry) : 7 — Bool .
the following we use

| {expry, ... expr,} T X - xT— Set(r)  Tr={Bool,Int, String}
| isEmpty(expry) : Set(7) — Bool Te ={1c | Ce@}is the
) . Gt Int set of object types,
| size(ezpry)  Set(r) = In Set (7o) denotes the
| alllnstances¢ : Set(7¢) set-of-7y type for
T0 € Tp U Ty
| v(ezpry) 270 = 7(v) (sufficient because of
| 1 (expry) :Tc — TD “flattening” (cf. standard))
| o (expry) : 7o — Set(Tp) v:7(v) € atr(C), 7(v) € I,

r1: Do, € atr(C),
re : Dy € atr(C),
C,De¢%.
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7/30

Given an OCL expression expr, a system state o € 22, and a valuation of
logical variables 3, define

I[-1(-, -) : OCLExpressions(.#) x L2 x (W — I(Z UTsUT)) — I(Bool)

such that
I[expr](o, B) € {true, false, 1 poor}-
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Basically business as usual...
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(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
I with dom(I) =T~

(ii) Equip each object type 7¢ with a reasonable domain, i.e. define function
I with dom([I) = 7¢

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

(iii) Equip each set type Set(1o) with reasonable domain, i.e. define function
I with dom(1) = {Set(mo) | 70 € T UT%}

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

I with dom(I) = {+,—,<,...}, eg., I(+) € I(Int) x I(Int) — I(Int)

(v) Set operations similar: I with dom(/) = {isEmpty,...}

(vi) Equip each expression with a reasonable interpretation, i.e. define function
I:Exprx X2 x (W — I1(ZUTsUT¢)) — I(Bool)

...except for OCL being a three-valued logic, and the “iterate” expression.
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(1) Domains of Basic Types
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Recall:
T = {Bool, Int, String}

"umb/:'ma/ ’
We set: V/

I(Bool) := {true, false} U { L Booi}
I(Int) :=Z U{ L}
I(String) :== ... U {Lsmng}

We may omit index 7 of L, if it is clear from context.
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(1) Domains of Object and (iii) Set Types
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Now we need a structure 2 of our signature . = (7, %, 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 € % .
Aol wndpn, Q. aSSues

We set
., L, &D)
I(t¢) :=D(¢) U {‘Li;,} okz.pisr wrase D/
oveue € I(’J‘), e S‘-’£ ‘,,['
Let 7 be a type from Tg U Tw. /r h 0( sbsets o T(z-)
We set I6)

I(Set(r) =27 O Ly if

Note: in the OCL standard, only finite subsets of I(7).
But infinity doesn’t scare us, so we simply allow it.
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(Iv) Interpretation of 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, 87:«4'.‘1? relation,

Boolean operations (defined point-wise for x1, 42 € I(7)):

w AL -l’i‘bl)g
A l\ (true ,if x1 # L, # x2 and 1 = 22
I(=+)(x1,22) ==X false ,if 1 # 1L, # x2 and 21 # 2

| LBoor , otherwise

Integer operations (defined point-wise for x1,z2 € I(Int)):

xr1 + x2 ,if:l?l#l_#ajg
1 . otherwise

I[(+)(z1, z2) := {

Note: There is a common principle.
Namely, the interpretation of an operation w : 71 X ... 7, — T
is a function I(w) : I(71)%---xI(7,) — I(7) on corresponding semantical domain(s).
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(Iv) Interpretation of OcllsUndefined
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The is-undefined predicate (defined point-wise for x € I(7)):

t ifx= 1.
I(ocllsUndefined,)(x) := { rue if r

false , otherwise

Q/42



(v) Interpretation of Set Operations
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Basically the same principle as with arithmetic operations...

Let T € Tp U Tw.

Set comprehension (z1,...,x, € I(7)):

I({}3 ) (21, yxp) ={x1, ..., 20}

for all n € INg

Empty-ness check (x € I(Set(7))):

( true ifx=10
I(isEmpty” )(7) :=  LBoor . if 2 = Lget(r)
| false , otherwise
(mﬁ"mﬁ%

Counting (x € I(Set(T))):V/

I(size”)(x) := |z| if £ # Lger) and Ly, otherwise
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(vi) Putting It All Together

OCL Syntax 1/4: Expressions

— 03 — 2010-10-27 — Soclsyn —

expr =
) w :7(w)
| expr,=,expry v/ : T X T — Bool

| ocIIsUndefinedT(e:ztprl‘)/ : T — Bool

| {expry, ... ,exprn}\/ :T X - x 1 — Set(r) T ={Bool,Int,St

| isEmpty(expr;) : Set(1) — Bool
| size(eaxpr,) V/ : Set(1) — Int

| alllnstancesc : Set(re)

| v(expry) : 7o — 7(v)

| 1 (expry) S TC — TD

| 72 (expry) : 7o — Set(p)

Where, given . = (7, ,

W D {self} is a set of {
logical variables, w has

T is any type from 7 U
U{Set(ro) | 70 € T U

T is a set of basic
the following we use

Te ={mc | C € €}
set of object types,

Set (7o) denotes the
set-of-7¢ type for
T0 €T UTy
(sufficient because g
“flattening” (cf. sta

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

ro @ Dy € atr(C),
C,De¢?.

m —
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OCL Syntax 2/4: Constants, Arithmejical Opt

For example:

expr = ...
| true, false v - Bool
| expr, {and,or,implies} expr, v . Bool x Bool -
| not expry : Bool — Bool
|0,—-1,1,-2,2,... v/ - Int
| OclUndefined v/ .
| expry {+,—,...} expry v : Int x Int — 1
| eapry {<,<,... } expry . Int x Int — 1

Generalised notation:
expr = w(expry,...,erpr,) DT X e X Ty -

with w e {+,—,... }

OCL Syntax 3/4: Iterate

expr = --- | expry->iterate(wy : 7 ; wo :

or, with a little renaming,

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

To = expry | exprs)

OCL Syntax 4/4: Contex¥”

/4

context ::= context wy : Ty,..., Wy : Tpn INV : expr

where w e Wand 1, € Ty, 1 <1 <n,n>0.
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Valuations of Logical Variables
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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,
B(w) € I(T(w)).
ﬁ; LJ——"5 UI{J(«;»

weld

(,a,l.{ : T Hoo
) € Tz, )= D) c5Ly
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(vi) Putting It All Together...
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expr = w | w(expry,...,expr ) | alllnstancesc | v(expr,) | ri(expry)

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

I[w] (o, B) == (5]
Iw(expry,...,expr,)](o,B) = I‘(w)(]'[ofr,,] (r,ﬁ), - ,J'Z()fl,,l (6',/)’/)
I[alllnstancesc] (o, 3) := dow (5) n ;DQ')

Note: in the OCL standard, dom(o) is assumed to be finite.
Again: doesn'’t scare us.
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(vi) Putting It All Together...
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expr = w | w(expry,...,expr ) | alllnstancesc | v(expr,) | ri(expry)

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

I
Assume ezpr; : 7¢ for some C' € €. Set uy := I[expr,](c, 3) € @(rc)= D)o §.f

O-(U‘I)(V) :E‘[ Uqs € JO“A[G"

Iv(expry)|(o, ) := {J_ othesusis e

U if Uy €dan(s) amd & (u)(y,)= {uf
1 lo“q,ql-.n'ﬂ(z

I[ri(expry)](o, B) = {

5 () () | i uy¢ dom(s)
L ; otbhutin'se

I[ro(expry)](o, B) = {

(Recall: o evaluates 75 of type C, to a set)
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(vi) Putting It All Together...

— 04 — 2011-10-31 — Soclsem —

expr = w | w(expry,...,expr ) | alllnstancesc | v(expr,) | ri(expry)

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

wov m LL(,D fu set dooled é\rj Lxp, Sy b v, 1L
ar hel’ fvﬁf‘(«w/d%

I[expr,—>iterate(vy : 71/ ; v2 : To = expry | expry)](o, B)
\M“h‘:'.‘“'kw o I[[expTQ (07 ﬁ) 1f I[[ prl]](0-7 ﬁ) =0
N b . iterate(hlp, v1,ve, expry, o, 3') , otherwise
M‘P a"“( r = ~ /\//§—A—//—\/7
where B, — ﬁ hlp = I[[exprl]](o-v ﬁ)an = I[[e:cprQ]](a, ﬁ)] and
iterate(hlp, v1,v2, expry, o, ')

N {I[[ewprgﬂ(a’ Bl a]) | if B (hip) = {}
[[exprs](a, 57) if 8'(hip) = X U {a} and X # 0

where 8" = 3'[v1 — x, v — idterate(hlp,v1, ve, exprs, o, B'[hip — X])]

Quiz: Is (our) I a function?
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E | ) TeamMember Meeting Location
l I l : ti
Xa p e/ 0.‘ name : String — e mas title : String name : String
{ age : Integer | Participants I * | numParticipants : Integer 1
n t= start : Date
6 _i T ) g hdwld = Sdnu’%( 7 5 { :H* duration: Time
- 2
) = z} ml" N h ! move(newStart : Date)

3. b K ’“5*"'1("‘3"' Ly

qu..Pul'= : @ context TeamMember inv: age => 18
stret = 1s.2%, @ context Meeting inv: duration > 0
d o-‘. s ‘2Q |
?.ykotpmﬁs § ,@ﬁ. A
e LD
\H{ vans = p ¢U":' mk‘a: \}s' ail ImS\lamQ[T -)”t!a:‘c ( x(/ ; TC-M }éhsu,
o 3 ones =B a5, e 3,51 ”

s : Bool = e | nes aued
(54 ,d(mn,i 7’(“3‘(‘*@‘}'/8))

LT L) ot To

1T epe (0 (e:p) = 6 () ge)-23

R -Ix:it ’T( oyt (), 18 W p) = 1C2) (1T l<f]}(s,6),I( '8))= 3(22 18)= dae € 1(Be()

"TL 4l ‘M’wﬂnl (";H: dam () A DCTH) - ?47'.«, 72,874, 3«‘43 n {4“'7": zfm.'--f= {71'.«, 8141
oL m'k»a‘ (&l{)] (v,6) = 343

o TIL lucatan (x)1 (67 §u l—>3,,}) =3,
o il ,_,!‘L Jd o cs‘a(ldu/iw‘mb('
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Where Are We?
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You Are Here.
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CD, SM » € OCL CD, SD s
e %
S = (T.6,V, atr), SM expr 5” SD
. \m(\ f( 5}87\
M= (2%2,As, —su) B = (Qsp, 90, As,—sp, Fsp)

) (conso,Sndo) (01,€1) - <> wr = ((04, consi, Snd;));
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Object Diagrams
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Graph

— 04 — 2011-10-31 — Sod —

7 N
Definition. A node labelled graph is a triple
G=(N,E,f)
consisting of
vertexes IV,
edges F,
node labeling f : N — X, where X is some label domain,
L J
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Object Diagrams

— 04 - 2011-10-31 — Sod —

Definition. Let 2 be a structure of signature .¥ = (7,6, V, atr)
and o € Efﬁ a system state.

Then any graph G = (N, E, f) with

nodes are identities (not necessarily alive), i.e.

Vo1

e atvbet N (%) finite, oectiywtia,
edges correspond tp “links” of objects, i.e. %
ézl:L‘N\EgNX{”U:TEV’TE{COJ,C*|CEC5}}><N, Ul

objects are labelled with attribute valuations and non-alive

identities marked with L_le/\

e ling (wave _ Vu € N \dom(o) : f(u) = {X}

‘ . .
w © V(u1,r,u2) € E :fuy € dom(o) Ausz € o(u1)(r) dosup

([ N

refs to

Aa. U r

e ol e X =GO = (K UAC)) " cogela e o,
\A(m;oﬁ\/, U om(o) : f(u o(u maﬁkq_ad'
el ey el ol TG

KIS called object diagram ofoﬁm(w da b K C’fy‘a)

J
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hame ~=" ul f'.: (M g }
G‘:iqﬂap’g nge > z:,&h ikras"'izh{{, / I{

3 F Kl = " B -""l -
o Bl ek N={ 10, 30 S f
Sh‘_ = I.smzsl
S an < 120 E={ (34, 'ukc.;mt«{s/ ’/T,,)
?.,ckotpmﬁs = Hm,&;dﬁ-grh‘, (3 dver gt /
l««k&‘ﬂdi, § u, fatrcipentd, §7A/f
3, Fy S = Bl seehan = 13,8 = -
gfiﬂ Hi“w - "Bos.sl', old.g -_05},,';..”4\.,8_,.-)'3!1;{? 4\ ; 17/1 P {03 "2?';/

3/1 H f F‘J’.c'lf“ts z §.ITA’ 87‘;0 ;“’}l
St P Xf
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Graphical Representation of Object Diagrams

— 04 — 2011-10-31 — Sod —

N C 2(%) finite, ECNXxVy1. XN, X={X}U((V = (2(F)UP(¢.)))
u1 € dom(o) A uz € o(ur)(r), f(u) Co(u) or f(u) ={X}

Assume . = ({Int},{C},{v1 : Int,va : Int,r : C.}, {C — {v1,v2,7}}).

Consider
g = {’U,l I—>{’U1 — 17’1}2 |—>2,’r'|—>{ 2 },UQ '_>{’U1 |—>3,’U2 I—>4,7"|—>®}}

Then G = (N, E, f)

— ({u17u2}7 {ﬁ(ulara u2)}7 {U1 = {?)1 — 1,03 — 2}7(’“2 = {Ul — 3,02 — 4}}5

is an olject diagram wrt. . and any 2 with Z(Int) DNU, 2, 3,4}.

We may equivalently (!) represent G graphically as follows:

E
§
Q

N =
Il
N~
=
<
x@@
J"MH
I
s
®
3
3
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UML Notation for Object Diagrams
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mandatory
r—.a1 r—— =771 |
L1 ed 1:1 class |
. L — — g | e — — 4
optional .
(wc asSume : r——1 ==
o ' vy 1=1 d; |
JA&(@%L boxes L—— o L — “compartment”
teprseut ' . > optional
et Lk =
/
r—=—1
I
|l — — 1 )
optional

— — use ‘7‘1/%.3 l)’[
Cdd 1:0 class | 4/ fﬂx)fﬁ' o

L——a |l —— - _1u 'C(’y);)(

2142
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Object Diagrams: More Examples

— 04 — 2011-10-31 — Sod -

N C 2(%) finite, ECNxVp1. XN, X={X}U(V - (2(F7)U 2(%x)))
ur € dom(o) A ug € o(ur)(r), f(u) Co(u) or f(u) ={X}

o={lc—=A{p—=0,n—{5c}},5c—={p—0,n—0}1p— {x— 23}}
7

VS.

Tt conghy“picture”
((qu)a@)%
® /
/ v /
lg:C| nv/ 50'3 1p: D
p="=0y "= v r=23v%
p=>0
lg: C n 5¢ : C 1p: D \/
r =23
1o : C 50 :C 1p:D |V
10 C ilél 50 C 1D:D
Tr =23

22/42


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Complete vs. Partial Object Diagram
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-

O

L

Definition. Let G = (N, FE, f) be an object diagram of system
state o € Z%.

We call G complete wrt. o if and only if

~

(G is object complete, i.e.

GG consists of all alive objects, i.e. N = dom(o),

G is attribute complete, i.e.

G comprises all “links” between alive objects, i.e.
if ug € o(uy)(r) for some u1,u2 € dom(o) and r € V,
then (u1,7r,u2) € E, and

each node is labelled with the values of all 7 -typed attributes,
i.e. for each u € dom(o),

fw) 20 (u)lv, U{r = (a(u)(r)\N) | r € V : o(u)(r)\N # 0}
where Vg :={v:7€V |T€ T}.

therwise we call G partial.

J
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Complete vs. Partial Examples
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N =dom(o), ifuz € o(u1)(r), then (u1,r,u2) € F,
flu) =o(u)lvg U{r— (a(u)(r)\ N) | o(u)(r)\ N}

Complete or partial?

o ={le—=A{p—0n—{5c}t},bc—{p—0n—0}1p — {z+— 23}}

ool a | 2<C 1p:D

< — D E o

p=10 n=0 r =23 CM"M‘ W=

p=10

10 C n 50:0 1D:D ’
z =23 carplefe k.6

1l : C 5¢ : C 1p: D an‘lm(

kuy ow'éa'r\]

24 /42


westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift

westphal
Bleistift


Complete/Partial is Relative
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Claim:
Each finite system state has exactly one complete object diagram.
A finite system state can have many partial object diagrams.

Each object diagram G represents a set of system states, namely

G !:={0 €X% | G is an object diagram of ¢}

Observation: If somebody tells us, that a given (consistent) object
diagram G is complete, we can uniquely reconstruct the corresponding
system state.

In other words: G~! is then a singleton.
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Corner Cases
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Closed Object Diagrams vs. Dangling References
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Find the 10 differences! (Both diagrams shall be complete.)

10:0 n 50:0 10:0 n 5020
N p={lc} p—{Z%}\
<
s 3

Definition. Let o be a system state. We say attribute v € Vj 1 « has
a dangling reference in object © € dom(o) if and only if the attribute’s
value comprises an object which is not alive in o, i.e. if

o(u)(v) ¢ dom(o).

We call o closed if and only if no attribute has a dangling reference in
any object alive in o.

(N )

Observation: Let G be the (!) complete object diagram of a closed system state o.
Then the nodes in G are labelled with .7 -typed attribute/value pairs only.
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Special Notation
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S = ({Int}, {C},{n,p: Ci},{C — {n,p}}).

Instead of

we want to write

or

to explicitly indicate that attribute p : C, has value ) (also for p: Cp 7).
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Aftermath
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We slightly deviate from the standard (for reasons):

In the course, Cp1 and C-typed attributes only have sets as values.
UML also considers multisets, that is, they can have

n

ul:C’ UQZC

n

(This is not an object diagram in the sense of our definition because of the
requirement on the edges E. Extension is straightforward but tedious.)

We allow to give the valuation of Cj 1- or C.-typed attributes in the
values compartment.

Allows us to indicate that a certain r is not referring to another object.

Allows us to represent “dangling references”, i.e. references to objects
which are not alive in the current system state.

We introduce a graphical representation of () values.
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