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OCL Syntax U/4: Expressons h PP
The Task W2 (sl s e of yped
logical v: les, w has type (w)

mlw) « s any type from 7T UTe

™€ TrUTe}

eapry %7 — Bool

| oclisUndefined, (ezpr,) : 7 — Bool

Txex T o Sel(r)
yeapry) Set(r) = Bool
(7) — Int

ze(expry)
ces Set(rc)

st

ry)
“fattening” (cf. standard))
| ralexp o vir(o) € atr(C), 7lv) € 7

1D € atr(O),
scpew

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

I[-1(-, ) : OCLEapressions(:#) x % x (W — (7 UTs UTe)) — I(Bool)

such that
I[eapr] (o, B) € {true, false, L poo}
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Contents & Goals

Last Lecture:
« OCL Syntax

is Lecture:
« Educational Objectives: Capabilities for following tasks/questions.
« What is an object diagram? What are object diagrams good for?
an object diagram called partial? What are partial ones good for?
an object diagram an object diagram (wrt. what)?
g?
« How are system states and object diagrams related?
What doe: iable?
When is a set of OCL constraints said to be consistent?

« s this an object diagram wrt. to that other !

mean that an OCL expression is sa

.

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

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

= OF1 - rancictann catichiahiling

Basically businessas usud...
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. define function

(i) Equip each OCL (!) basic type with a reasonable domain
I with dom(I) = Tp

Equip each object type Tc with a reasonable domain, i.e. define function

I with dom(I) = T

(most reasonable: 7((’) determined by structure 7 of .%).

. define function

Equip each set type Set(7o) with reasonable domain

I with dom(I) = {Set(ro) | o € T UTe}

(iv) Equip each with a P
(that is, with a function operating on the corresponding domains),

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

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

with a P .

. define function

(vi) Equip each
I: Expr x £2 x (W — (7 UTs UTqg)) — I(Bool)

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

OCL Semartics [OMG, 2006

32
(i) Domains of Basic Types
Recall:
o T = {Bool, Int, String}
vach foud ”
We set: \
e I(Bool) := {true, false} U {Lpoo}
o I(Int) == ZU { L}
o I(String) := ... U{Lsiring}
We may omit index 7 of L. if it is clear from context.
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(i) Domains of Objed and (iii) Set Types

« Now we need a structure 2 of our signature ' = (7, %, V, air).

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

Let 7¢ be an (OCL) object type for a class C' € %.

Laggof i, €. aSSUs
« We set \\. 7 n .W.UR‘\
Sznus«acr&‘%??trei

ponsel o T(3), ic b o
Let 7 be a type from T U Ty \ d shehs of Ttx)
We set

6]
I(Set(r)) =2 ) {4t

Note: in the OCL standard, only finite subsets of I(r).
But infi

y doesn't scare us, so we simply allow it.

(v) Interpretation o Set Operations

Basically the same principle as with arithmetic operations...

Let 7€ Tp UTg.
« Set comprehension (z1,...,z, € I(1)):

I @,y wa) =

for all n € Ny
o Empty-ness check (z € I(Set(r))):

true ,ifx=0
I(isEmpty”)(z) := { Lpoor . if & = Lserr)

false , otherwise
awdindily
 Counting (z € :mmﬁi:”v\
I(size™)(z |z] if £ # Lger(r) and L gy otherwise
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(iv) Interpretation o Arithmetic Operations

« Literals map to fixed values:

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

I(OclUndefined,) i= L. - ejuetly niufia,
= Boolean operations (defined point-wise for w\mkziy /H\

sl & O i
™~ true a1 # Ly £ arand 2y =
I(=-)(x1,22) == { false ,if 21 # L, # @2 and @1 # 22

Lpoot , otherwise

© Integer operations (defined point-wise for 1,5 € I(Int)):

I @ne) =1 | otherwise

#.1.5 Jifar £ L # T

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

(vi) Putting It All Together

(iv) Interpretation o OcllsUndefined

« The is-undefined predicate (defined point-wise for z € I(r)):

true ,ifx =1,

I(ocllsUndefined. ) (x) := A\ium othenvise

Valuations of Logical Variables

() For example:

7 = Bool

7 Boo

Txxr s Set(r)

(7} — Hoo

Generalsed notat

expr =

with 0 € (...}

!
Where, given .7 = OCL Syntax 2/4: Constarts, Arithmeticgl Operat

OCL Syntax 3/4: |terate

!
OCL 9yntax 4/4: Context

= ey

st -y = expry | expry)

112

« 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,
Bw) € I(r(w)).
(i W—> UT(54)

wel

¢ quita Hoo
uEQ?TbS A1

12/



(vi) Putting It All Together...

expr = w | w(eapry, ..., ezpr,) | allinstancesc: | v(expry) | 1(eapr,)

| raeapr,) | expr,->iterate(vy : 71 5 va : T2 = eapr | eaprs)

o 1wl 5) =)
o Iw(eapry, ..., expr,)|(c, 8) “uaﬁmﬁc?:a B, TCep3 «5&\
+ Iallinstancesc] (0, 8) = dow (s) n D)

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

1302

Example -or: 2 = W_
) ?zm.&,._x... e \
L@Wﬂ =27, wabi T,

< movetnenstart: Date]

S e o

etz L © context Teantees inv: g0 <> 18
~ ww”rﬂ e ) © context Meeting inv: duration > 0
posapeti=f 1o, b i
et iy 18 y e (o T f
10 =, vtk T8, aibstonas., sikioke (s .
e P b
pefeiotnd e (<) 8)
VT ] T

sf)= nT-L?mL.E
“Mm.mﬁaw,m ;\mgaz < 5;2*:5_?92;? 3(27, 18)= due € 1(Ret)
ST b, 3o, 8= domle)  DCTH) = F0 22, 5, 380340250002 100, 8007
o TL sachig (<f)7(5,8) = $313
0 TL leadn ()] (5 fe rvwrC =37,
Lol G L et /tasial
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(vi) Putting It All Together...

04~ 201110

eapr = w | w(eapry, .., eapr,) | alllnstancesc: | v(eapr,) | ri(eapr,)

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

T
Assume cpr, : 7¢ for some C € €. Set uy = I[eapr,1(0, ) € @(rc)= DE)sfa] /

() v € dowls)

o Ivo(eapry)](o, B) = w‘_. otheresis¢

u o i edon(s) and o ()(p,)= fuf

< 1 (epr)l(o. ) = ﬁ s
’

o I[ra(expry)](o, 8) == WM?;EL f Mﬁﬂz}t ()

(Recall: o evaluates 7 of type C. to a set)

Where Are We?

(vi) Putting It All Together...

capr = w | w(eapr,, ..., expr,) | allinstancesc | v(eapr,) | r1(eapr,)

| raeapr,) | expr,->iterate(vy : 71 5 va : T2 = eapr | eapr)

wsiipe b blp A ot dooled Ly expr, sl Fo e e

Ll
 epr,herate(vr : ;s 02+ 72 = eapry | capr)](o,0) el expteatten
e [Henr(o.5) i I, 1(o.6) =

of b iterate(hlp, vi,va, expry, 0, 3') , otherwise
W ad — ~ s e—t—
where ' = 3lhlp — Ieapr)(e8), 42 = Ieapr3l(o: )] and
o iterate(hlp, v1,v2, expry, o, 3')

. ﬁ:_@;__?. Blos v al) | if B (hip) = {a}

. Iezprs(o. ") Lif 3(hlp) = X U {z} and X #0
3 where 8" = B'[uy — @, v2 — iterate(hlp, v1, va, exprs, o, F'[hlp — X])]
= Quiz: Is (our) I a function?
13742 M 13/02
You Are Here.

CD, SM e 0CL CD, SD s
2 It
.LA L m H 5
S =(F.6.V,atr), SM expr #,SD
RN S 79
07, m\ ¢ 5 WAN;
M=(2 s -0 S 0 B=(Qspt0. Az, ~sp. Fsp)
Loy b
2 20 2
LS . %
7= (501 20) LI, (g1 ) e w0 = (o, consi, Snds)) ey
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Objed Diagrams

2"Sdalae”,
o ”.h.l z !.,Q.Miw_
e "Sacks”
ke .&m ”FPINI !
et < 152,
duaekians 120
pukapadds = [ A 553
laakida= 1133, -
I P e = WU asbig= {3485
SR MR O VNS L

!

17/

wef
Z..Tj 3u, ,wFM
muw (a, T}nY}m“\ A.s\.v\
(3u, Puhiipets, u.w)\w

\"M Ty fap =21,
3 1§ pachcipeats = § 1oy, 83, 5.8
3 h xw

Graph

Definition. A node labelled graph is a triple

G=(N,E,f)

consisting of
* vertexes N,

o edges E,

« node labeling f : N' — X, where X is some label domain,

Graphcal Representation o Objed Diagrams

20111031 - Sod

N C 2(€) finite, EC N x Vou.x N, X ={X}U(V = (2(
;€ dom(0) Auz € o(u1)(r),

T)U2(€.))
f(u) € o(u) or f(u) = {X}

o Assume .7 = ({Int},{C},{v: :

« Consider

o= {u1 {1 Loy — 2,7 {figh }uz — {01 3,00 — 4,7 0}}

« Then G = (N.E. f)

= ({wr, w2}, {(ur, ryu2)}, {ur = {v1 = Lvg = 2} us = {v1 — 3,02 — 4}},

i}

is an Ohject diagram ko wrt. . and any 7 with Z(Int) DN, 2,3,4}.

= We may equivaléntly (1) reprasent G graphically as follows:

Int,r: C.}{C —

)

et h dasllonbian

2,71}

18/a2
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Objed Diagrams

s

Definition. Let Z be a structure of signature . = (7,6, V, atr)
and o € % a system state.
Then any graph G = (N, E, f) with

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

Vg

olehiinta,

/

ke, ECNxTu:reV|7€{Co1,C.|CEF}} xN,

c.?r/\lﬂ]
LR ¥ (u1,,uz2) € E :fuy € dom(a) A uz € o(u

e bt N 5(%) finite,
o edges S:mvhoa th “links” of objects, i.e,

SoUlCe
dos A

)

X = (X} U (V » (2(7) U D)) iaﬁqum
ok o wiy brc Yu\.i._ o
SPer o

Sfu & Voay Yu e NNdom(o) : f(u) C o(u)

oelkny (mage Y€ N\ dom(o) : f(u) = {X}
is called object diagram of 0. hedundut o efpes]

J

UML Notation for Objed Diagrams

201111031 - Sod -

__ mandatory
optional —
Tk §Sume <
doffacent “boxes' “compartment”
wposed optional
Lot or\n%o
~ optional
e Hais

1972

4

& @)oo
£l)=X

2152



Objed Diagrams. More Examples

2n§§§a.mnzi\i;z.xle:\i&Sc@?é
uy € dom(0) Az € o(ur)(r), f(w) € a(u) or f(u) = {X}

o ={le = {p=0n— {5ct} 5o = {p= On 0}, 1p = {2 — 23})
~A

A gl “picture”

..%sé«\,\

vs.

2202

Complete/Partial is Relative

« 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 € 2% | G is an object diagram of o'}
« 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.

25/52

Complete s. Partial Objed Diagram

m

Definition. Let G = (N, E, f) be an object diagram of system
state 0 € 1%,

We call G complete wrt. o if and only if

s G is object complete, i.e.

« G consists of all alive objects, i.e. N' = dom(q),
o G is attribute complete, i.e.
+ G comprises all “links" between alive objects, i.e.
if uz € o'(w)(r) for some w1, us € dom(c) and r € V/,
then (uy,r,uz) € B, and

o each node is labelled with the values of a
i.e. for each u € dom(o),

F(w) 20 (u)|vy Ufr = (o(u)(r)\N) | r € V : o(u)(r)\N # 8}
where Vg :={v:T7eV|re T}

T-typed attributes,

Otherwise we call G partial.

Corner Cases

2302
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Complete \s. Partial Examples

o N =dom(c), ifuz € o(ui)(r), then (u1,r,u2) € B,
o fw) =o@)lvy U{r = (@@ \ N) | o(u)(r) \ N}

Complete or partial?

o={lg—{pr—0,nw— {5c}},5c — {p+ B,n— 0}, 1p — {x— 23}}

Ip:D e &,

tomgble w0t

r=23

]

2402

Closed Objea Diagrams vs. Dangding References

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

Definition. Let o be a system state. We say attribute v € Vo,1,« has
a dangling reference in object u € dom(c) if and only if the attribute's
value comprises an object which is not ie. if

o(u)(v) ¢ dom

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

Observation: Let G be the (1) complete object diagram of a closed system state 7.
Then the nodes in G are labelled with .7-typed attribute/value pairs only.

2752



Spedal Notation

o = ({Int}, {C}, {n.p: C.},{C — {n.p}}).

 Instead of

we want to write

to explicitly indicate that attribute p : C. has value () (also for p : Cq1)

2802
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Aftermath

We slightly deviate from the standard (for reasons):
« In the course, Cy 1 and C.-typed attributes only have sets as values.
UML also considers multisets, that is, they can have

(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 C ;- or C,-typed attributes in the
values compartment.
« Allows us to indicate that a certain r is not referring to another object.
, i.e. references to objects

= Allows us to represent “dangling reference:
which are not alive in the current system state.

» We introduce a graphical representation of () values.
2912
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