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Last Lecture:

e OCL Semantics (nearly complete)

This Lecture:

o Educational Objectives: Capabilities for following tasks/questions.

What does it mean that an OCL expression is satisfiable?
When is a set of OCL constraints said to be consistent?

What is an object diagram? What are object diagrams good for?

e When is an object diagram called partial? What are partial ones good for?

When is an object diagram an object diagram (wrt. what)?

e How are system states and object diagrams related?

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

e Content:
e OCL: consistency, satisfiability
e Object Diagrams
e Example: Object Diagrams for Documentation



OCL Semantics Cont’d[OMG, 2006]
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(vi) Putting It All Together
. 1
OCL Syntax 1/4: Expressions ; :
Al P Where, given . = (7, %, OCL Syntax 2/4: Constants, Arithmetical Operators
o W D {self} is a set of
expr = logical variables, w has
v s7(w) o T is any type from 7 U For example:
| expry=, expry ;7 x 7 — Bool U {Set(mo) [0 € Tp U expr =
| oclisUndefined. (ezpry) : 7T — Bool e T is a set of basic | true, false : Bool
the following we usq | 7, {and, or,implies} T Bool x Bool — Bool
Cx y y .l H d
| {expry..... expr, } s X x 1 — Set(r)  Tp={Bool, Int, St €T sonimp “PT2 Bool Boo . 0
| isEmpty(ezpry) : Set(7) — Bool o Te ={rc | C € %) | not eapry § oot = oo
K .8 I set of object types, [0,-1,1,-2,2,... : Int
| size(ezpry) : Set(r) — Int o Set(o) denotes the | OclUndefined L
| allinstancesc : Set(t¢) set-of-7y type for
70 € Tg UTe | expry {+,—,...} expry : Int x Int — Int
[ v(expry) 170 = 7(v) (sufficient because d | expry {<,<,...} expry : Int x Int — Bool
o [ ra(eapry) 1T — Tp “flattening” (cf. stal
° | ra(epry) 1 7¢ — Set(mp) » v:7(v) € atr(C), 7(v) Generalised notation:
° o gu,;e :t:é?)' expr == w(expry, ..., expr,) T X e X Ty — T
g o ro: Dy € atr(C),
; . CDe%. withw e {+,—,...}
k7
1
OCL Syntax /4: Iterate
) OCL Syntax 4/4: Context
expr = .-+ | expry~>iterate(w; : Ty : wy 1 To = expry | expry) .
ith a litel . context ::= context wy : Ty,..., Wy : Ty INV: expr
or, with a little renaming,
wherew e Wand 1, € Ty, 1 <i<mn,n>0.
expr = - - - | expr,—>iterate(iter : Ty: resull : Ty = expry | expry)

where

o expry is of a collection type (here: a set Set(7g) for some 7)),




(vi) Putting It All Together...

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

| ro(expry) | expri—>iterate(vy : 71 ; vy : To = expry | exprs)

fs; N—)éjf(?’)
o I[w](o, B) :=/Ak) Tayx--x Ty~ Ttx)

Tyxe X =

I
o 1ierpry, e 0, 9) = Tl TTop(58), ., TCeps. T )
o [[alllnstancesc](o, B) := dow (&) N @(C/

R A alve ,g,(u'.s w 6
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...

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

| ro(expry) | expri—>iterate(vy : 1 ; vy : T2 = expry | exprs)

Assume exzpr; : 7¢ for some C € €. Set uy := I[expr,](o,B) € 2(7¢).
T —1t0) e e

l U V) , ! U, & 6614. o
o Hloteapr)lio, ) = {(fu Wb e eonte)

Tc—T, f1: Dot

|
o Ifri(expry)](o, B) :=

{(1 F e dom(s) aud 5(U¢)(rf)=f“f
tc ﬂ\&e(t.b), ¢;_"D¥

Lo OHwoise

] W) don-(s)
o Ifro(expry)](o, B) == {61-_( )({ . fﬂi‘;cw i
et (Tv) !

(Recall: o evaluates 73 of type C, to a set)
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) Putting It All Together... Lo set
(vi) Putting ogether. Doty AN

expr := w | w(expry, ..., expr,) |/allinstancesc | v(expry) | r1(expry)

ua @ To = expry | exprs)

| ro(expry) | expr,—>iterate(vy : 71

it ial valve ilesatin, erprssa,

p

expry | exprs)](o, B)

ek oule
\ (ARSI [

o [[expr,->iterate(vy : 71 ; V2 : T2

base

,if I[expr](c,8) =0
Juhal
wip dd vy \ﬁ ;&(
where 8 = B|hlp — I[expr ] (o, B),ve — I[exprs](o, )] and b\y o,
o iterate(hlp,vi,ve, exprs, o ,ﬁ ko{ Ltp has cxao/gme ehuul

weblobn, {I [expr,] (o, B)

iterate(hlp, vifve, exprs, o, B') , otherwise

S e
{% _ Iexprs](o, 8'[vy — ]) , if 8/ (hlp) = {z}
@ I[exprs] (o, 8") ,if B/ (hp) = X U {x} and X # 0
8 hio has worg Hew owe elomat lek
§ where 3" = ﬁ’[vw vo > iterate(hlp, vy, va, exprs, o, B’[hlp — X])]
¢ Quiz: Is (our) I a function? recevsion pl 5 /36
TeamMember Meeting Location
E‘xamp le name : String 2"*“ meeting: title : String * : String
age : Integer  [Participants :;l:l:a;:'c:pams:[nteger 1
duration: Time

‘move(newStart : Date)

@ context TeamMember inv: age => 18

@ context Meeting inv: duration > 0

for el B 13780 bl o et

Y !
T [ lfom-oge 2 183(0if] = TL 3 (apelaff,), 1813 (s, ) 2r0o) (23, 18) = dap

.
TEaqeloAn o) Lo (omllag- 22 0
T Chud (5p) =0, <3 )
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OCL Satisfaction Relation

OCL Satisfaction Relation
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In the following, .% denotes a signature and & a structure of .%.

Definition (Satisfaction Relation).

Let ¢ be an OCL constraint over . and o € E?@ a system state.
We write

e 0 = ¢ if and only if I[¢](o,0) = true.

o o~ pif and only if I[p](o,0) = false.

Note: In general we can’t conclude from = (o |= ¢) to o [ ¢ or vice versa.



OCL Consistency
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Definition (Consistency). A set Inv = {¢1,...,¢n} of OCL
constraints over . is called consistent (or satisfiable) if and only if
there exists a system state of . wrt. & which satisfies all of them,
ie. if

JoeXZ ok oA Ao = o

and inconsistent (or unrealizable) otherwise.

OCL Inconsistency Example
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c
<]
TeamMember Meeting 2| Location
N 2.% meetings [ N * 8 .
name : String title : String = : String
age : Integer | Participants * | numParticipants : Integer o 1
start : Date k]
duration: Time g
move(newStart : Date)

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

e context Location inv :
name = 'Lobby’ implies meeting -> isEmpty()

e context Meeting inv :
title = 'Reception’ implies location . name = ” Lobby”

e alllnstances preeting —> exists(w : Meeting | w . title = 'Reception’)

10/36



Deciding OCL Consistency

o Whether a set of OCL constraints is satisfiable or not is in general not as
obvious as in the made-up example.

e Wanted: A procedure which decides the OCL satisfiability problem.

o Unfortunately: in general

Otherwise we could, for instance, solve diophantine equations
(_d)\s“‘! {—\,%2‘/ vwn /cush‘t‘ expanls
1zt o F epxy = d. F— canstmf

Encoding in OCL:

alllnstancesc =>exists(w : C' | ¢ x w.z* + -+ + ¢y x W)™ = d).

e Constrain OCL, use a less rich fragment of OCL.
e Revert to finite domains — basic types vs. number of objects.
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OCL Critique
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e And now? Options: [Cabot and Clarisé, 2008]

1136
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OCL Critique

o Expressive Power:
“Pure OCL expressions only compute primitive recursive functions, but not
recursive functions in general.” [Cengarle and Knapp, 2001]
e Evolution over Time: “finally self.x > 0"
Proposals for fixes e.g. [Flake and Miiller, 2003]. (Or: sequence diagrams.)
¢ Real-Time: “Objects respond within 10s"
Proposals for fixes e.g. [Cengarle and Knapp, 2002]
e Reachability: “After insert operation, node shall be reachable.”

Fix: add transitive closure.
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OCL Critique

e Concrete Syntax
“The syntax of OCL has been criticized — e.g., by the authors of Catalysis [...] —
for being hard to read and write.

e OCL's expressions are stacked in the style of Smalltalk, which makes it hard to
see the scope of quantified variables.

e Navigations are applied to atoms and not sets of atoms, although there is a
collect operation that maps a function over a set.

o Attributes, [...], are partial functions in OCL, and result in expressions with
undefined value.” [Jackson, 2002]
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Where Are We?

|
o
T
You Are Here.
N
CD, SM CD, SD S
=(7,%,V,atr), SM 7, 8D
v [\5‘/ Lbl
= (3%, Az, —sm) = (Qsp,q0,Av,—sp, Fsp)
T =[00f0) ————= (01,€1) - <"~ wr = ((03, consy, Sndy)) ;e
o G=(N,E,f)
E
g !
7 oD
o
g
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Object Diagrams

Graph

7

.

Definition. A node-labelled graph is a triple
G=(N,E,f)

consisting of

e vertexes N,

e edges F,

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

17/36
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Object Diagrams

Definition. Let Z be a structure of signature . = (7, %, V, atr)
and o € E% a system state.

Then any node-labelled graph G = (N, E, f) where

e nodes are identities (not necessarily alive), i.e. N C 2(%) finite,

e edges correspond to ‘“links’ of objects, i.e. =: Lst ol
o oo ol T e e = Vo et b

ECNx{0:7eV|1e{Co1,C,|Ce?}}xN,

o&j{/ﬁ
Souwte_
i 46\“_ V(ul,r, U,Q) eF:u € dom(a) ANug € U(g.l.>(£)’ b dost.
hocf:/ J vl r
e MObjects are labelled with attribute valuations and non-alive identities
with “X", i.e.

X={X}U(V»(2(7)U2(%.))

Vu e NNdom(o) : f(u) C o(u)
Vu € N\ dom(o): f(u) = {X}

is called object diagram of ¢.

\_
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Object Diagram: Example

N C 2(%) finite, ECN xVpi14%xN, X ={X}U(V»(2(7)U2(¢.)))
YV (u1,m,u2) € E:uy € dom(o) Aug € o(ur)(r), f(u) Co(u)or f(u) ={X}

S = {Int}, {C},{v1 : Int,vy : Int,r : C},{C +— {v1,v2,7}}), 2(Int) =7

o={uy = {v1 = Lvg 2,7 {us}},ug — {v1 — 3,09 — 4,7 — 0}}
7
-

o Then G'= (N.E,[) with ~

N—-fw.t/z?/ i

e—:f('/m';‘z)i

Fefumiuniusd ues fupizynay
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Object Diagram: Example

N C 2(%) finite, ECN xVp14%xN, X ={X}U(V»(2(7)U2(¢.)))
YV (u1,m,u2) € E:uy € dom(o) Aug € o(ur)(r), f(u) Co(u)or f(u) ={X}

S = {Int}, {C},{v1 : Int,vgy : Int,r : C},{C +— {v1,v2,7}}), PD(Int) =7

o={uy = {v1 = Lvg 2,7 {us}},us — {v1 — 3,09 = 4,7 0}}

e Then G = (N, E, f) with
= ({uy,uz}, {(u1,ryu2)}, {ur = {v1 — 1,09 — 2} ug — {v1 — 3,09 — 4}},

is an object diagram of o wrt. . and any structure 2 with 2(Int) 2 {1, 2, 3,4}.
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20/36

Object Diagram: Example

N C 2(%) finite, ECN xVpi14%xN, X ={X}U(V»(2(7)U2(¢.)))
YV (u1,m,u2) € E:uy € dom(o) Aug € o(ur)(r), f(u) Co(u)or f(u) ={X}

S = {Int}, {C},{v1 : Int,vy : Int,r : C},{C +— {v1,v2,7}}), 2(Int) =7

o={uy = {v1 = Lvg 2,7 {us}},ug — {v1 — 3,09 — 4,7 — 0}}

f‘/gg

e Then G = (N, E, f) with
Lx]
= ({ur, ua}, {(uy,myu2)}, {ur = {v1 = 1,09 = 2}, ug > {917+ 3,09 = 4}},

is an object diagram of o wrt. . and any structure 2 with #Z(Int) D {1,2,3,4}.

Node: we may equivalently (!) represent G graphically #5 follows:

ul:C r UQZC UJC
1}1:1 1)1:3 T
1}2:2 1}2:4
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Object Diagrams: More Examples?
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N C 2(%) finite, ECNXVy1, %N, X ={X}U(V»(2(7)U2(%.)))
Y (u1,m,u2) € E:uy € dom(o) Aug € o(ur)(r),  f(u) ga(u) or f(u) = {X}

At

S = ({Int}, {C, D}, {xz: Int,p: Co1,n:C.},{C — {p,n},D— {x}}), 2(Int) =Z

oc={lec{p—0,n— {5c}},5¢ = {p— 0,n— 0}, 1p — {z+— 23}}

5¢0:C 1p:D \/QAJ' cLﬂJJ% ,4/ -

g =23

L[IciC %" J5aC] b [1piD Xwﬁaua@,cé'%o/(y

J[lesC] n [Bc:C 1,:D /

SIS

° 21/36

Complete vs. Partial Object Diagram
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Definition. Let G = (N, E, f) be an object diagram of system state
o E E%.
We call G complete wrt. o if and only if
e (G is object complete, i.e.
o (G censists of all alive objects, i.e. N ;dom(a),
Compases
e (G is attribute complete, i.e.

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

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

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

Otherwise we call G partial.

\ / 22/36




Complete vs. Partial Examples
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o N =dom(o), ifus €o(u)(r), then (ug,r,ug) € E,
o f(u) =o(u)lvy U{r= (o(u)(r)\ N) [ o(u)(r)\ N}

Complete or partial?

o={lg = {p—=0n— {bc}},bc = {p—=0,n— 0}, 1p — {x — 23}}

5¢: C -
° lpC:g' n nci g iD:éD3 \A’“ 2} élc
n=1563 L= )
o [IcC] n [Bc: i’D::QD3 XQN"\'“/
e [liC]  [5i]C] 7D parker |
23/36
Special Notation
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o = ({Int},{C},{n,p: C.},{C — {n,p}}).

e Instead of

1c: C n 5¢:C

we want to write

or

p
| p 1lg: C n 5¢ : C —
n

to explicitly indicate that attribute p : C, has value 0 (also for p : Cp1).

24/36



Complete/Partial is Relative
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e Claim:

e Each finite system state has exactly one complete object diagram.

o A finite system state can have many partial object diagrams.

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

G l:={oc€X% | Gis an object diagram of o'}

e Observation:

If somebody tells us, that a given (consistent) object diagram G

e is meant to be complete,

e and if it is not inherently incomplete (e.g. missing attribute values),

then we can uniquely reconstruct the corresponding system state.
In other words: G~! is then a singleton.

Closed Object Diagrams vs. Dangling References

25/36
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Find the 10 differences! (Both diagrams are meant to be complete.)

1c: C n 50 :C
p={lc}

o

i

1o

5¢0:C

Lp=1{7c} |

object alive in o.

\\

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

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.

26/36
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UML Object Diagrams

27/36

UML Notation for Object Diagrams
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mandatory
r—— =71
"L Ld \ | class 17
optional —
r— 1 =71
vy | =1 d1 I
Lo— o Iy “compartment”
A optional
v, =1 dn ‘
[ - ==
r——1
T
,,J\ -
we  assin: optional
,L. & “boxes"
é iindikies id 1 ‘ class |
L— — 2 _— =

28/36



Discussion

We slightly deviate from the standard (for reasons):

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

B 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.)

e We to give the valuation of Cp 1- or Ci-typed attributes in the
values compartment.

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

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

e We introduce a graphical representation of () values. E 3’
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