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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 »
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OCL Semartics [OMG, 200§
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OCL Syntax 1/4: Expressons

eTpr 1=

w

| expri=-expry
| ocllsUndefined. (ezpr;)

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

| alllnstancesc
| ofezpry)

| | r1(expry)
| ra(eapr)

:7(w)

17 X T — Bool

: 7 — Bool

11 — 7(v)
iTe — Tp

: ¢ — Set(Tp)

Where, given . = (7,6, V, atr),

ST X e X T — Set(T)
: Set(1) — Bool
: Set(r) — Int

: Set(7¢)

W D {self} is a set of typed
logical variables, w has type 7(w)

7 is any type from 7 UTp U T
U{Set(r0) | 7o € Tr U T}
e Tp is a set of basic types, in
the following we use
Tp = {Bool, Int, String}
o Te ={1c | C € €} is the
set of object types,
Set (o) denotes the
set-of-7 type for
70 €T UTe
(sufficient because of
“flattening” (cf. standard))
v:7(v) € atr(C), T(v) € 7,
r1: Doa € atr(C),
21 Dy € atr(C),

C,De%.

o Given an OCL expression expr, a system state 0 € £%,, and a valuation of
logical variables 3, define

I[-]1(-, ) : OCLExpressions(.) x £% x (W — I[(Z UTg UT%)) — I(Bool)

.
3
7
g

I

The Task

:

L

IR

e

= such that
3

2

|

I[ezpr] (o, B) € {true, false, | pooi }.
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Basically businessas usual...

(i) Equip each OCL (!) basic type with a reasonable domain, i.e. define function
I with dom(I) =Tr

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

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

(iii) Equip each set type Set(7o) with reasonable domain, i.e. define function
I with dom(I) = {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(J) = {+,—,<,...}, eg, I(+) € I(Int) x I(Int) — I(Int)

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

(vi) Equip each expression with a reasonable interpretation, i.e. define function

I: Expr x 2 x (W — I(Z UTs UTy)) — I(Bool)

— 04 — 2011-10-31 — Soclsem —

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

(i) Domains of Basic Types

Recall:
Tp = {Bool, Int, String}
"Uutb#ma/ ’
We set:

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

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

— 04 — 2011-10-31 — Soclsem —

5/42

6/42



(i) Domains of Objed and (iii) Set Types

— 04 — 2011-10-31 — Soclsem —

Now we need a structure 2 of our signature . = (7,6, V, atr).
Recall: 2 assigns an (infinite) domain 2(C') to each class C' € ¥.

Let 7¢ be an (OCL) object type for a class C € %.
.(:‘/:,.‘.,/ wnin,, L. GSSuwes

We set
; L, &D)
I(7¢) :::D((')U {_qu okf"w wvane v (¢
oveue I(’j‘}, s SB‘£ df
Let 7 be a type from T U Te. /f et of sbefs of T("r}
We set 1)

1(Set(r)) =2 O { L gy of

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

(iv) Interpretation o Arithmetic Operations

— 04 — 2011-10-31 — Soclsem —

Literals map to fixed values:

I(true) := true, I(false) := false, I(0):=0, I(1):=1,...

I(OclUndefined.) := L, 614«4'6 nelation,
Boolean operations (defined point-wise for 3;‘1{/61(7')): \/
gbol 2 OL o
\ true Jifxy #£ 1 # x9 and 1 = 22
I(=:)(z1,22) := ( false ,if 1 # 1L, # 22 and 1 # 22
L Boot , otherwise

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

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

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

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).
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(iv) Interpretation d OcllsUndefined

— 04 — 2011-10-31 — Soclsem —

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

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

false , otherwise

9/42

(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) i=Hz1, ..., 20}

for all n € INg

o Empty-ness check (z € I(Set(7))):

true Lifz =0
I(isEmptyT)(x) =9 1ot ,ifz= J—Set(T)
false , otherwise
m&mli%

o Counting (z € I(Set(T))):/
I(size™)(x) := |z| if © # Lge(r) and Ly, otherwise
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(vi) Putting It All Together

OCL Syntax 1/4: Expressons

2010-10-27 - Soc]

expr =
) w :7(w)
| expry=rexpry 4
| ocIIsUndefined,—(ezprl\)/ :

17 X T — Bool

7 — Bool

| {expry, ..., ezpr”}v/ ITX X T =
| isEmpty(expr;)

| size(expry) V' : Set(r) — Int

| alllnstances¢ : Set(7c)

| v(expry) 110 — 7(v)

| 71 (expry) 1TCc = TD

| r2(eapr;) : 7 — Set(Tp)

: Set(r) — Bool N

Where, given . = (7,

1
OCL Yyntax 2/4: Constants, Arithmeticgl Operat

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

o T is any type from .7 U
U {Set(r0) | 70 € Tp U
o Tp is a set of basic
the following we use|
Ts = {Bool, Int, St
Te ={7c | C € €}
set of object types,
Set (o) denotes the
set-of-7q type for
70 € Tp UTy
(sufficient because g
“flattening” (cf. sta
e v:7(v) € atr(C), (v)
o r1: Doy € atr(C),
o r2: Dy € atr(C),
« C,De%.

Set(r)

.

03 - 2010-10-27 - Soclsyn

For example:

expr n= ...

| true, false v

| ezpry {and, or,implies} expr,

| not expr,
[0,-1,1,-2,2,... v
| OclUndefined
| expry {+,—,...} expry
| expry {<,=,...} eapry
Generalised notation:
., expr,)

expr == w(expry,..

with w € {+,—,...}

: Bool

: Bool x Bool -
: Bool — Bool
: Int

:T

s Int x Int — 1
cInt x Int — 1

v

ITEX e X Ty -

OCL Syntax 3/4: |terate

expr = - | expr,->iterate(w : 7|
or, with a little renaming,
expr = - - - | expr —>iterate(iter : 71;

Twy Ty = expry | exprs)

result : Ty = expry | exprs)

Valuations of Logical Variables

— 04 — 2011-10-31 — Soclsem —

OCL Syntax 4/4: Context
"4

contextl ::= context wy : 7,

Co Wy Ty NV expr

where w € Wand 7, € Ty, 1 <i<n,n>0.

11/42

» 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,
Bw) € I(r(w)).
ﬂ: W—> UTIl:4)

weld

(_a,f{ Q: Ty Hoo

f) € T(c,) = D) o £ 1§
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(vi) Putting It All Together...

— 04 — 2011-10-31 — Soclsem —

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

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

o Ifw](o,pB) : /S(u)
° I[[w(exprlv EERE exprn)]](a, ﬁ) = I(LO)(TEW:J (o-lﬂ): o~ lj[()fl"‘) (Gﬁ}}
o I[alllnstancesc](o, B) := dom (s)n @Q’)

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

13/42

(vi) Putting It All Together...

2011-10-31 — Soclsem —

— 04—

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

| ro(expry) | expr{->iterate(vq : 71 ; v2 : T2 = expr, | expry)

Assume expr, : 7¢ for some C' € €. Set uy := I[expr](c,5) € @ (1¢)= "D((‘)U;(.Lf

() i v, € dow(s)

o Ifv(ezpry)](o, B) := {,L othesndls ¢

U if Uy edam(s) and o (u,)(y,)= $uf
n ’olmm‘u

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

s () | f uy&dom ()

° I[[TQ(exprl)]](av ﬂ) = {.L othusin'se

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

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

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

L b blp H set dwoled & expy, g fo vy 1L
s o 55(/"(‘@\‘/4%

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

wdfiobin [ Tempr](.0) i Iepr,](0, ) = 0
of e i iterate(hlp,v1,ve, exprs, o, 3') , otherwise
Wip and e o~ )
where 3’ = B|hlp — I[expr,](c, B),v2 — I[expr,] (o, 3)] and
iterate(hlp,v1, vz, exprs, o, 8')

= {I[[mprg]](”’ Blor —al) . if 8 (hlp) = {x}
I[ezprs](o, 87) Jif B/ (hip) = X U {z} and X # 0

where 8" = 3'[v1 — z,va — iterate(hlp,v1, va, exprs, o, B [hp — X])]

Quiz: Is (our) I a function?

— 04 — 2011-10-31 — Soclsem —
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TeamMember Meeting Location
Example -o: ¥ :

name : String title : String : String

age : Integer | Participants I * | numParticipants : Integer

1
start : Date
i { :M* duration: Time
® O 7 move(newStart : Date) L
91

) ? Pt {".&wlzc",
age = IF, wmakn

® context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

KA, vy~ T dlhStawcss , -ikiode (lf: Teme Moo,
o o " g3, i I BFTS “;Z‘.."a;mf‘ffs s )

b =3 self > 1 d z(‘a‘(‘#}l p
srm»*u\(v,ﬁ:#ﬂl'h )
o Tl (3'(?)](6':[‘)=5(11A.)(¢4¢ =2}
207 gt (o), 8- T (1Tt 8),T05)3(27 1)< e € 1)

VL ah hobreas 35, 8= dan (o) DCT) = $t0 7, 850, 3,5 0 T4 200 = {10, 813

o TL neehig ()3 (5,6) = $313

o T luaton ()1 (o § mshg) =3,
A m“";"ﬂ M s cs‘fJ(’urJ/hJ'Nfof

— 04 — 2011-10-31 — Soclsem —
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Where Are We?

;
T
You Are Here.
N
CD, SM p € OCL CD, SD s
HJ \LA ‘;S A %
S =(9,6,V,atr), SM expr ., 8D
M= (3%2,As,—sum) B = (Qsp,q0; As,—sp, Fsp)
(consg,Sndo)
™= (0’0,80) —0> (0’1,81)' N\ Wy = ((O'i, cons;, Sndl))ze]N
p\/\/\/!\i\A
G=(N,E,f)
!
= oD
T

15/42
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Objea Diagrams

Graph

7

"

Definition. A node labelled graph is a triple
G=(N,E, f)
consisting of
o vertexes N,

e edges F,
o node labeling f : N — X, where X is some label domain,

1742
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Objea Diagrams

— 04 — 2011-10-31 — Sod

and o € Eg a system state.

edges correspond t

Ml{: we Lﬂ"f
elues o Vop,y
atbules i Hhe

lnbselhing (th

\_

Definition. Let 2 be a structure of signature . = (7, %, V, atr)

Then any graph G = (N, E, f) with
nodes are identities (not necessarily alive), i.e.
g divbeke N - 9(€) finite,
“links" of objects, i.e.
ECNx{v:7eV|1€{Cy1,Ci|CEE}} xN,

W Vimrm) C B domoT Aus € o(un)(r), / dustdedn wr

objects are labelled with attribute valuations and non-alive

identitiesmarkeﬁw,_i.e./—\
X={X}u(V-=»(2(7)U2(¢.))

Vu € NNdom(o) : f(u) C o(u)
Vu € N\ dom(o) : f(u) = {X}
is called object diagram of . ledue dant K cvfaa]

237

héaﬂ:v 4/ v i
cAnskentl| wd o,

out
;2: k:vﬁ'éa/u

j 19/'42

(B i'l“rh ] ? e vh&‘a"’a‘"l {

“ge E A mlvas‘ zh(
3, By 3 Klle =" Befny
b3 ek 22, 3!
Sh" - I.S.ZS'
d«okﬂ‘“ < 120
peckelpants = 517;4,&?‘1‘ v €ST,4,3)
locakda~ T"LSL
20 P fommn = B w388
Bt > §omww = "foss”, ‘g =5 "“W’f?’hﬁf

(W ef)
N’{im,gh, Szzef

E:{ (3,” rdkc.}ozud{}/ 77-,.,)/
(3/41 P{A&,‘f—){f/ 5-7"’/f
£ 1o piop-a,
34 A { paticipuats = § Iy 8, S5 ,
Smp x§



Graphical Representation o Objed Diagrams
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N C (%) finite,

ECNxVo1x XN, X={X}U (V= (2(F)U2(%.)))
f(w) Co(u)or f(u) = {X}

uy € dom(o) Auz € o(ui)(r),

Consider

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

o ={ur— {v1i— 1Lve— 27— {2} },us — {v1 — 3,02 — 4,7 — (}}

= ({ur, u}, {(w1,ru2)} {ur = {or = 1,02 = 2} up = {v1 = 3,09 = 4}},

is an olject diagram

o We may e

ivaently (1) re

Then G = (N, E, f)

w:c

wrt. . and any 2 with 2(Int) O\, 2,3,4}.

sent GG graphically as follows:

i)

\

4

UML Notation for Objed Diagrams

— 04 - 2011-10-31 — Sod —

optional

( we ASSume :
dffacend “boves’
feposent
d;{lfrtm(: ob)cc‘&s

)

I’_‘_"I I'____]/
Lt 4d 1: class |
L— — 4 -  — — 2
| F |:I d] |
[ T
r— 1 r— 1
v, 1= dn |
L— — 2 L— — 2
r——1
Lo
|- — 2
-1 r———71
1ad v class
Lo - __ 4

prins b dasteabinn

mandatory

“compartment”

optional

optional

U&:%.‘J:,'[

20/42

fﬂ'f}r)@( o

£la) =X
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Objea Diagrams. More Examples

— 04 — 2011-10-31 — Sod —

N C 2(%) finite, ECNXVo1.xN, X={X}U(V -»(2(7)U2(%.)))
ui € dom(o) Aus € a(u1)(r), f(u) Co(u) or f(u) ={X}

c={lc—{p—0,n— {bc}},5c— {p—0,n— 0}, 1p — {z — 23}}
C _Q\/lc' D

VS.
e c%'eb&xz"
0,0.0) 2
® /
/ v /
o:C| nv 5C'; 1p:D
p=104 "= r=23¢
p="0
1c C n 50 C 1p: D
T =23 \/

\ T =23

Complete \s. Partial Objeda Diagram

— 04 — 2011-10-31 — Sod —

~

Definition. Let G = (N, E, f) be an object diagram of system
state 0 € E?;.

We call G complete wrt. ¢ if and only if

G is object complete, i.e.

G 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(u1)(r) for some ui,uz € dom(o) and r € V,
then (u1,7,u2) € E, and

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

f(u) 20 (w)lvy U{r = (o(w)(r)\N) | € V : o(u)(r)\N # 0}
where Vo :={v:7€V|1T€ T}

Otherwise we call G partial.

22/12
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Complete \s. Partial Examples

— 04 — 2011-10-31 — Sod —

N =dom(c), ifus € o(u1)(r), then (u1,r,u2) € E,
fw) =o(u)lvy U{r— (o(u)(r) \ N) | o(u)(r) \ N}

Complete or partial?

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

5cZC
1c: C n 1p: D t ® So
ic:C — s
= n=20 o (ompble 15
== o
bty
«E. G,
1c: C n 50 :C 1p:D
=23 Wu( mé.d"
.
‘10;0‘ ‘50:0‘ 1p:D Fx'k,( poiliel
tJ)ﬂ M'\Sbl"a
2412

Complete/Partial is Relative

— 04 — 2011-10-31 — Sod —

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% | Gis 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

Closed Objed Diagrams vs. Danding References

— 04 — 2011-10-31 — Sodsconf —

Find the 10 differences! (Both diagrams shall be complete.)

lc:C n 5(]!0 1cic n 5(]ZC
\g;{lg} p={7
SN
7 N
Definition. Let o be a system state. We say attribute v € Vj 1, has
a dangling reference in object u € 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.
\ J

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.

26/42
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Sedal Notation
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< = ({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 : C 7).

28/42

Aftermath

-10-31 — Sodsconf —

— 04 — 2011

We slightly deviate from the standard (for reasons):

In the course, Cj 1 and C.-typed attributes only have sets as values.
UML also considers multisets, that is, they can have

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.

29/42
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