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Abstract—The Unified Modeling Language 2.0 Interactions
language describes inter-component behavior. However, it cannot
define meaningful time constraints. OCL for Real Time is a
language for real-time constraints specification well-suited for
describing constraints on interactions. This work defines a formal
semantics for the merger of those languages. The semantics allows
the recognition of valid and invalid behaviors of a system with
time constraints. An analysis of the properties derived from the
semantics is also done. In particular, the notions of refinement of
interactions and refinement of constraints, intended for formal
verification, are explored.

I. INTRODUCTION

Behavioral specifications describe how system elements
interact over time. Inter-component behavior can partially be
specified using the Unified Modeling Language 2.0 Interac-
tions language [1]. This language is not expressive enough, it
lacks constructs for the specification of constraints. The Object
Constraint Language (OCL [2]) is part of the UML and it is a
natural candidate to complement the language for interactions.
The OCL, however, has some limitations: it offers neither time
nor signal handling constructs, it is incapable of expressing
general liveness properties or performance aspects of systems
conveniently. OCL for Real Time (OCL/RT) is an extension
of OCL which covers these aspects [3].

Our concern is to set the ground for lifting UML 2.0
interactions to a formal design technique. The UML 2.0
specification introduces some guidelines for the formal under-
standing of interactions. However, the specification is rather
vague and obscure in some aspects since it is given in natural
language. In [4] a denotational semantics is defined intended
to verify traces (sequences of messages) against interactions
specifications; this semantics allows to discern when a trace
is positive (a valid execution), negative (an invalid execution),
or inconclusive for a given interaction.

We go a step beyond and relate the language of interactions
with OCL/RT. We propose a formal semantics for the merger
of UML 2.0 Interactions language and OCL/RT, based on
the works mentioned above. The semantics recognizes valid
and invalid behavior of a system execution considering both
interaction structure and constraints satisfaction. We also study
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some properties defined in terms of the semantics, like re-
finement of interactions and constraints. These definitions are
intended for formal verification of system properties.

Some languages like UML/RT [5] and ROOM [6] extend
UML for real-time specifications. These works do not present
formal semantics and only take into account basic timing an-
notations. Some other works define the semantics of UML 2.0
Interaction as those in [4,7—11]. However, only a few of them
consider interactions with basic time constraints. Finally, there
are several approaches for coping with time and events in OCL
and related specification languages for the UML. As far as
we know, only in [12] there is an OCL extension to be used
with interactions; this work focuses on liveness properties and
does not consider any formal semantics. A detailed comparison
between related works can be found in [13].

The remainder of this paper is structured as follows.
Section II briefly introduces the UML 2.0 Interactions and
OCL/RT languages. A formal semantics for an enhanced
UML 2.0 Interactions language with OCL/RT constraints
support is presented in Section III. The semantics is used
in Section IV to review the notions of implementation and
refinement of an interaction, and to present the notion of re-
finement of constraints. Section V presents a short summary of
the practical application of the concepts developed in previous
sections. Finally, Section VI presents a short summary with
concluding remarks and an outline of future work.

II. BACKGROUND

We briefly review the background of our work. Although
we assume the reader is familiar with UML interactions, we
present UML 2.0 Interaction and OCL/RT languages.

A. UML 2.0 Interactions

UML 2.0 Interactions [1] describe possible message ex-
changes between system instances. A message is a commu-
nication between two instances and is defined by two events,
representing the sending and the receiving of that message.

Interactions are graphically represented by Sequence Dia-
grams. They focus on message interchange among lifelines.
The instances involved in the diagram are on the horizontal
axis, each one is represented by an object rectangle with
the object or class name. Below the rectangle, a vertical
dashed line called lifeline represents the instance execution
over time. Communications between instances are represented
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as horizontal message arrows between the instance lifelines.
Sequence Diagrams are read from top to bottom to view the
exchange of messages taking place as time passes.

Each interaction may contain sub-interactions called in-
teraction fragments, which can be structured and combined
using interaction operators. The resulting combined fragments
enclose messages or fragments within a rectangular frame
with the name of the operator shown in a pentagram at the
upper-left corner. These define special behavior like sequential,
parallel, and iterative composition of interactions, alternative,
optional and invalid interactions, and interactions considering
and ignoring a set of messages, among others. The UML
also introduces visual elements to express time and duration
observations, and time and duration constraints.

As an example, consider the interaction in Figure 1 where
an instance a of A sends the message n to an instance b of B
and b responds sending up to N times the message m. There
is a visual constraint restricting the duration of message n

between 0 and 3 time units.

I

|

|
loop {0..N} U

|

n {0..3}

Figure 1. Interaction with a combined fragment

[4] defines the abstract syntax of the language by a
context-free grammar which does not consider all the features
introduced by the UML 2.0 specification. They also define
the semantics of interactions, which decides when a trace
(sequence of messages) is positive (a valid execution) or
negative (an invalid execution) for some interaction.

B. OCL/RT

OCL/RT (OCL for Real Time) is defined in [3] as an exten-
sion of OCL 1.4 for real-time and reactive systems constraints
specification. The language is based on the notion of traces
of events with timestamps and allows the specification of the
temporal behavior of a system. The constraints are evaluated
over sequences of system states (system execution) instead of

just on a given state as OCL does.
For the definition of OCL/RT constraints, that are evaluated
over a sequence of system states, a new clause is introduced

context C
constr: c

where C is a classifier and ¢ an OCL/RT constraint.

OCL is furthermore extended with particular OCL/RT fea-
tures: the modality always c and the satisfaction operator
@n. The modality always c satisfies the constraint ¢ over
a system run when the constraint evaluates to true in every
system state. The satisfaction operator @7 yields the value of
a given expression at the system state where event 1 occurred.

978-1-4244-2265-4/08/$25.00 © 2008 |IEEE

System states are formalized by dynamic bases. A dynamic
basis comprises an implementation of the predefined OCL
types and their operations, as well as the set of current
instances of classes together with their attribute valuations,
connections to other instances, and implementations of opera-
tions. OCL/RT constraints restrict system runs. A system run
p is a finite or infinite sequence of pairs of dynamic bases and
finite sets of events. OCL/RT is equipped with an operational
semantics that permits the derivation of judgments of the form

(pri)ivkelw

where p is a system run, ¢ an index of p, v a variable
environment, ¢ an OCL/RT constraint, and v a value. Such
a judgement conveys that ¢ evaluates to v at the ith system
state in the system run p using the variable environment -y.

III. CONSTRAINED INTERACTIONS

The abstract syntax of the fragment of the language of
UML 2.0 defined in [4] is extended with OCL/RT time
constraints as shown in Figure 2. The production rule
constraint(Term, Interaction) considers an OCL/RT term
and the interaction over which the term is evaluated; the Term
must be of boolean type, expressions of other type are not
permitted.

Interaction ::= Basic

| CombinedFragment

CombinedFragment ::= strict (Interaction, Interaction)
| seq (Interaction, Interaction)
| par (Interaction, Interaction)
| loop (Nat, (Nat|co), Interaction)
| ignore (Messages, Interaction)
| alt (Interaction, Interaction)
| neg (Interaction)
| assert (Interaction)
| constraint (Term, Interaction)

Figure 2. Abstract syntax of interactions with OCL/RT constraints (fragment)

In order to consider timed events the meta-class Event
(UML 1.5) was extended in [3]. Each event shows the time at
which it occurred by a link to the primitive data type Time that
represents the global system time, as in the original definition.
It is assumed that Time comes with a total ordering relation
< for comparing time values, an associative and commutative
binary operation + for adding time values, and a class attribute
now that always yields the current system time.

We extend the event meta-model as shown in Figure 3 in
order to model a system based on message passing through
instances. Every (partial) message is composed of at least
one and at most two events representing the sending of that
message by an instance (of a classifier) and the reception of it
by another instance (possibly the same). Any classifier instance
is linked to all its current events, message events among them.
There is also a well-formedness rule on system runs: send and
receive events of the same message must occur in this order.
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Figure 3. Event model for messages

As an example, consider the interaction in Figure 1. The
constraint on the first message can be expressed as follows:

context B

def: sndN Event =
events->select (e | e.oclIsTypeOf (SndMsgEvent)
and e.message.name = "n")-sany ()
def: rcvN Event =
events->select (e | e.oclIsTypeOf (RcvMsgEvent)
and e.message.name = "n")-sany ()
constr: always((rcvN.at <= sndN.at + 3)@rcvN)

The abstract syntax term representing the diagram of Fig-
ure 1 is thus

seq (constraint (p1, B1), loop (0, N, Bs))

where Bj is a basic interaction representing the dispatch and
arrival of message n, By is a basic interaction representing
the dispatch and arrival of message m, and ¢; is the above
constraint. Notice that there exists an implicit weak sequence
between B; and the loop.

We adapt the formal semantics in [4] to recognize valid and
invalid behavior for some given interaction with constraints.
We use a more expressive notion of trace: a system run. This
notion allows the use of OCL/RT constraints in interactions
and the fusion of both semantics. As in [4] the semantics is
divided into two fragments: one that does not contain occur-
rences of the neg nor assert operators (positive fragment),
and the other that contains them (negative fragment). In what
follows we first introduce the unified semantic domains and
then present both fragments of the semantics.

A. Semantic Domains

We assume four primitive domains for events E, messages
M, abstract time points T and natural numbers N. An event
n € E is either of the form snd(s,r,m) or of the form
rcv(s,r,m), representing the dispatch and the arrival of
message m from sender instance s to receiver instance r,
respectively. Events are univocally identified, i.e., two arbitrary
events, even if they are both a send (or receive) event of the
same message from the same sender to the same receiver, can
be distinguished.

We let certain events be anonymous or unobservable by
replacing them by a predefined silent event denoted by 7. We
define the domain E, as EU{7}. A silent event represents an
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event that is not of interest for some given interaction, e.g. an
attribute value change, such that its occurrence is nevertheless
considered for it may cause a state change. System runs
contain every event occurred during the system execution,
while interactions can specify partial behavior of the system.

We say that the instance s is active for snd(s,r,m) and,
similarly, that the instance r is active for rcv(s,r,m). We
define a binary, symmetric conflict relation = C [E x [E on
events: If an instance is active for both events 7; and 75 then
11 ¥ 1. Trivially, 7 % n for any n € E,.

Given an event 17 € E, the occurrence time of the event
can be retrieved by the map at : E — T. The domain T is
equipped with a total ordering relation < for comparing time
values and a binary operation + for adding time values.

We write lin,;(E) for all possible linearizations of the set
of events E given by the function at, i.e., [ € lin, (F) if, and
only if [ is the isomorphism class [(X, <x, Ax)] of the totally
ordered, labeled sets (X, <x,Ax) with Ax : X — F bijective
and such that Vaq, 29 € X . at(Ax(z1)) < at(Ax(z2)) =
r1 <x 2o and Va1,22 € X .21 <x T2 Vo <x T71.

A basic interaction is given by an event-labeled pomset [14]
[(X, <x,Ax)] such that conflicting events do not occur con-
currently, i.e., if z1,290 € X with Ax(z1) ¥ Ax(z2), then
x1 <x x2 or o <x x1. An event-labeled pomset is a pomset
with an injective labeling function Ax : X — E (or simply
A). The order x7 <x o is interpreted as “the occurrence
of event A(x1) precedes the occurrence of event A\(x2)”. The
empty interaction [((,(, ()] is denoted by e.

We write lin(p) for all possible linearizations of a pomset p,
i.e., all traces that extend the ordering of p: (X', <x/, Ax/)] €
lin([(X, <x,Ax)]) if, and only if, X' = X, Ax, = Ax, and
<xC<xs where 1 <xs o or 19 <x/ x1 forall x1,zs € X'.

System states are formalized by dynamic bases. A system-
run p is a finite or infinite sequence of pairs of dynamic bases
and finite sets of events possibly containing the silent event 7

(wO,Ho), (wl, Hl), ((UQ, H2)7 oL E (Z X @SMET)*

U (E X WSMET)OO
such that if 7y € H; \ {7} and n, € H; \ {7} with i < j,
then at(n1) < at(nz). The dynamic basis wy defines the initial
system state; w,, is transformed into w,,; by a single system
step where the events in H,, occur.

We denote by w(p),, the nth dynamic basis in p, by H(p),
the nth set of events in p, and by p(n) the nth pair of dynamic
basis and set of events in the system run p. The empty system
run is denoted by e.

Given a system run p, we define:

« the partition of a system run p* as the set of pairs (p1, p2
with p; and po system runs such that Vj € N.w(p;); =
w(p); (i = 1,2) and Vj € N.{H(p1);,H(p2);} is a
partition of the set of events H(p);.

o rem(p) as the system run p’ resulting from removing
every pair (w;, () from p.

o concurrence p as the set of pairs of system runs
(rem(p1), rem(p2)) such that (p1, p2) € p*.

o strict sequencing p, as the set of pairs (p1, p2) € pj such
that 3k e N.Vi e N.0<i< k= H(p1); = H(p); and
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k<i= H(pg)i_k = H(p)i.

o weak sequencing p.. as the set of pairs of system runs
(p1,p2) € py such that Vi € U, H(p1)n \ {7}, 12 €
Up H(p2)a \ {7} .m0 5 m2 = at(m) < at(no).

o filter(M)(p), with M € M, as the set of system runs
that result of the removal of some events from p whose
messages are labelled by elements in M and subsequently
eliminating pairs with empty set of events, i.e., rem(p’) €
filter(M)(p) if Vi € N.w(p)i = w(p')i A H(p')i <
H(p);, and any n € H(p); \ H(p'); is of the form either
snd(s,r,m) or rcv(s,r,m) with m € M.

B. The Positive Fragment

The semantics of the positive fragment of the language (with
no occurrences of negation and assertion) is defined by an
inductive positive satisfaction relation between system runs
and interactions, denoted by p |=, S and read system run p
positively satisfies interaction S, as shown in Figure 4.

p by B if linu (U, H(p): \ {7}) C lin(B)
p Ep strict (S, S2) if 3(p1, p2) € p;.pi F=p Si (1 =1,2)
p Ep seq(S1, 52) if 3(p1, p2) € piyg - pi fp Si (i =1,2)
p Ep paxr(Sy, S2) if I(p1,p2) € py - pi fp Si (1 =1,2)
p F=p loop(0,0,9) if |J, H(p): \{r} =0
p = Loop(0,n+ 1,5) if U, H(p)i \ {r} =0 v

p Ep sea(S, 1oop(0, 1, 5))
p Ep loop(m+1,n+1,95) if p =, seq(S, Loop(m, n, S))
p Ep loop(m, o0, S) if In > m.p |Ep Loop(m,n,S)
p Ep ignore(M,S) if p1.p1 € filter(M)(p) A p1 Ep S
plEp alt(S1,82) if p=p S1Vp =p S2

p Ep constraint(p, S) if (p,0);0F ¢ | true Ap =, S

Figure 4. Semantics of the positive fragment

The base case considers a system run possibly containing
one or more occurrences of the silent event 7. Silent events
are ignored in order to verify the satisfaction of a given system
run. A system run satisfies a basic interaction if every possible
linearization of all its events but 7 (with respect to their
occurrence time) is included in the linearization of the basic
interaction (with respect to its partial ordering).

In order to satisfy strict, seq and par operators, the
system run is partitioned in two and the satisfaction is verified
for each resulting system run. Performing a partition of a
system run may produce empty set of events H; in the
resulting system runs. Those sets are removed, with their
corresponding dynamic bases, since they represent transitions
taken by some other parts of the interaction.

The ignore operator is evaluated by filtering some events
of the system run. The loop operator is equivalent to its
unfolding as weak sequencing of its interaction arguments. The
alt operator is evaluated as the disjunction of the satisfaction
of the system run in both interaction fragments.

Finally, there is a satisfaction rule to evaluate whether a sys-
tem run positively satisfies an OCL/RT-constrained interaction.
The constraint fragment is interpreted as a conjunction
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where both the constraint and the interaction must be satisfied
in order to consider a system run positive. In this case, it is not
possible to consider positive a system run where constraints
are not valid, not even the empty system run.

Consider the example in Figure 1 and the system runs

p1 = (wo, {snd(a, b, n, aty),rcv(a,b,n, aty)}) and
p2 = (wo, {snd(a, b, n, aty),rcv(a,b,n, ata)})
(w1, {snd(b, a,m, at3),rcv(b,a,m, ats)})

Both system runs positively satisfy seq (B, 1oop (0, N, Bs)).
In the case of pi, it satisfies the interaction since the operator
loop accepts the empty system run and (p;,e) € Pliss-
However, the system runs are valid for the whole interaction
depending on the assignments for at;.

Table 1
TIME ASSIGNMENTS FOR THE EXAMPLE

at; | Assignment 1 | Assignment 2 | Assignment 3

aty 0 0
atg 2 4 3
ats 3 5 7
aty 4 6 9

With the first and third time assignments in Table I, the
reception of n is done before 3 time units since the sending
of n. In consequence, ¢, is satisfied and both system runs
are valid. The proof of this is developed as follows:

p2(0) =p B (p2(0),0);0 F 1 | true
p2(0) |=p constraint(pi, Bi)

then,
p2(0) |=p constraint (i, B1)

p2(1) ':P 1OOp(O7 N, B2) (P2(0)702(1)) € P25
p2 =p seg(constraint(pi, By),loop(0, N, Bz))

If we consider the second assignment, the constraint is not
satisfied and consequently the system run is not positive but
negative as we show next.

C. The Negative Fragment

The semantics of the negative fragment of the language
(with occurrences of negation and assertion) is defined by an
inductive negative satisfaction relation between system runs
and interactions, denoted by p |=,, S and read system run p
negatively satisfies interaction S, as shown in Figure 5.

As in [4] we regard the empty system run and also those
with events besides possibly 7 as being positive for neg (.5).
We change the negative satisfaction rule following the same
idea as sequential operators: after traversing a negative frag-
ment a system run will always be negative no matter what
happens afterwards. A system run positively satisfying S is
positive for assert(S), otherwise the system run is negative.

For the operators strict and seq we adopt the view
that the only system runs that are negative are those that
either run through the first operand negatively or fulfil the
first operand positively and the second operand negatively.
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p FEpneg(S) if U, H(p)i \ {7} =10
p Epassert(S)ifpl=, S

p En strict(Si, S2) if 3(p1, p2) € p; - (p1 En S1V
(p1 Ep S1 A p2 En S2))
p FEn seq(S1,52) if I(p1, p2) € piyg - (p1 Fn S1V
(p1 Ep S1A p2 Fn S2)
p FEn par(S1, S2) if 3(p1,p2) € py - ((p1 Fn S1 A p2 Fn S2)
(p1 En S1 A p2 Fp S2)
(1 Ep S1 A p2 FEn S2))
loop(0,n + 1,S) if p =» seq(S, Loop(0,n,S))
loop(m + 1,n+1,95) if p |En seq(S, loop(m,n, S))
loop(m, o0, S) if In > m.p =, loop(m,n,S)
ignore(M,S) if 3p1.p1 € filter(M)(p) A p1 En S
alt(Sy,S2) if p En S1Ap En S2
neg(S) if I(p1,p2) € p;.p1 Fp S
assert(S) if p¥p S

)
v
v

p FEn
p En
pFEn
p En
p En
pFEn
pEn

p En constraint(ep, S) if (p,0);0F ¢ | falseVp =, S

Figure 5. Semantics of the negative fragment

A similar instance is taken towards par where at least one
operand has to be run through negatively in order to make a
run negative. The loop and ignore operators follow the same
idea as in the positive fragment, while for the alt operator
both operands have to be run through negatively.

Finally, there is a satisfaction rule to evaluate whether
a system run negatively satisfies an OCL/RT constrained
interaction. The negative rule is interpreted as the “negation”
of the positive satisfaction rule: either the constraint evaluates
to false or the system run negatively satisfies the interaction.

We had that the system runs p; and ps of above satisfy the
interaction of Figure 1 depending on the value of at;. For the
second time assignment, ¢ is not satisfied and consequently
the system run is negative for the interaction:

p2(0) En constraint(er, B1)
p2(1) =p 1oop(0, N, B2)  (p2(0), p2(1)) € pa;y
p2 En seq(constraint(y1, B1),loop(0, N, B2))

D. Summary of Constraints Satisfaction

The satisfaction rule for constraints, defined in the previous
section, states that a system run p is positive for an interaction
constraint(y,S) if the system run positively satisfies the
interaction S and also ¢ evaluates to true. If p negatively
satisfies the interaction .S or ¢ evaluates to false, the system
run p negatively satisfies the interaction constraint(yp,S).
In any other case, the system run p is considered inconclusive.
Finally, a system run can be both positive and negative. In this
case, we speak of an overspecified interaction.

In the following, by p - ¢ | v abbreviates (p,0);0 F ¢ | v.

IV. IMPLEMENTATION AND REFINEMENT

Refinement means adding information to a specification to
make it closer to an implementation. This can be formally
defined using the notion of refinement by model inclusion:
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a concrete specification refines an abstract specification if
any model of the concrete specification is also a model
of the abstract one. Below, we adapt the set of definitions
originally given in [4] for implementation and refinement of
an interaction to our semantic domains.

Definition 1 (Implementation of Interactions). A process is an
arbitrary set of system runs. A process [ is an implementation
of an interaction S, written I |= S, if

1.3pel.pk=, S

2.Vpel.p¥, S
An interaction S is implementable if there is a process I such
that I = S.

Definition 2 (Refinement). An interaction S’ refines an inter-
action S, written S ~» S’, if any implementation of S’ is also
an implementation of S, i.e, VI.I S =T S.

With these definitions we can increase the set of re-
finement rules given in [4]. We show one of them in the
following lemma. It is straightforward to prove that S ~»
constraint(p,S) for any constraint ¢ and interaction S.

Lemma 1. Ler S and S’ be interactions with S" implementable
and not overspecified, let © be a constraint. If S ~» S’, then
constraint(p,S) ~ constraint(p,S").

Proof: Let I be a process with I = constraint(yp,S’).

(@ 3p € I.p |, constraint(y,S’). Thus (by the
positive satisfaction relation) p - ¢ | true A p =, 5, and
thus p ¥, S’ as S’ is not overspecified. Then p =, S by
definition of ~», and thus, p =, constraint(yp,S).

(b) Vp € I.p ¥, constraint(y,S’). Thus (by the
negative satisfaction relation) p ¥ ¢ | false A p ¥,, S’. Now,
let I’ be a process such that I’ = S°. Then, I’ U {p} = S,
and thus I U {p} |= S because S ~ S’. Finally, p ¥,, S, and
hence, p ¥, constraint(ep,S).

From (a) and (b) we conclude that I |= constraint(yp, S),
thus constraint(y,S) ~ constraint(p, S’). [ |

In analogy to Definition 2, we define constraint refinement.

Definition 3 (Constraint Refinement). A constraint ¢’ refines
a constraint ¢, written ¢ ~» ¢’ if, for any system run p,

1. pE ¢ | true= pk ¢ | true

2. pk ¢ | undef = p¥ ¢ | false

We can also define a further refinement rule.

Lemma 2. Let p and ¢’ be constraints, let S be an interaction.
If p ~ ¢/, then constraint(p,S) ~ constraint(¢’,S).

Proof: Let I be a process with I = constraint(¢’,S).

(@ 3p € I.p [=p constraint(y’,S). Thus (by the
positive satisfaction relation) p F ¢’ | true A p =, S.
Then (by Definition 3) p = ¢ | true, and finally, p =,
constraint(yp, S).

(b) Vp € I.p K, constraint(y’,S). Thus (by the
negative satisfaction relation) one of the following cases
occur: (1) p F ¢’ | true A p ¥, S. Then (by Definition
3) p b ¢ | true, and finally p ¥, constraint(yp,S);
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2) p b ¢ | undef A p ¥, S. Then (by Definition 3)
p¥ ¢ | false and in consequence p ¥, constraint(y,S)

From (a) and (b) we conclude that I |= constraint(yp, S),
and thus the thesis holds. |

The interaction of the example in Figure 1 can be refined by
adding a new constraint ¢, which states that every message
m must be sent within 3 time units since the reception of n:

context B
def: sndM Set (Event) =
events->select (e | e.oclIsTypeOf (SndMsgEvent)
and e.message.name = "m")
def: rcvN Event =
events->select (e | e.oclIsTypeOf (RcvMsgEvent)
and e.message.name = "n")-sany ()
constr: always (sndM->forAll (e |
e.at < rcvN.at + 3))

The third assignment of Table I makes the system run invalid
for constraint(ps, seg(constraint(yi, Bi), loop(0,
N, Bs))) while it is valid for seqg(constraint(ypi, Bi),
loop(0,N, By)). The interactions can also be refined by a
constraint refinement. If we restrict the duration of n to
{0. .2}, only the first assignment makes the system run valid.

V. IN PRACTICE

A practical analysis is mandatory for a fine-tuning and a
careful utilization of the proposal. [13] presents some exam-
ples, taken from the literature, that apply our approach; these
examples are not repeated here due to space reasons.

UML 2.0 Interactions can graphically specify basic timing
constraints, as defined in [1]. These kind of constraints are
simple time and duration observations and/or constraints. They
can be expressed with OCL/RT assigning to them a concrete
meaning in the evaluation of a system-run. Besides, OCL/RT
allows specifying more complex constraints involving also
system instances, message events and global variables. Conse-
quently our approach is one of the most powerful proposals in
order to specify real-time constraints in UML 2.0 Interactions.

As far as we know, only the work in [12] analyzes an OCL
extension to be used with interactions. There, the problem
of synchronization and the specification of liveness prop-
erties (normally expressed at the level of state diagrams)
are addressed. Our work does not address the problem of
synchronization but the use of OCL/RT allows specifying
some liveness properties. We think that our work and that
in [12] are complementary, and a fusion of both can be
made in order to investigate the relation between constrained
interactions and timed state machines.

VI. CONCLUSIONS AND OUTLOOK

This work contributes to the clarification on the use of time
constraints in inter-component behavioral specifications. Based
on previous works, we developed a semantics for an enhanced
UML 2.0 Interactions language with OCL/RT constraints
support. The resulting denotational semantics evaluates the
positivity/negativity of a system run within an interaction, con-
sidering both interaction structure and constraints satisfaction.
To the best of our knowledge, our semantics is the only one

978-1-4244-2265-4/08/$25.00 © 2008 |IEEE

with an expressive support of complex constraints in interac-
tions. We also reviewed the notions of implementation and
refinement of interactions, we extended the set of refinement
rules intended for formal verification, and we introduced the
notion of constraint refinement.

Since some kind of constraints are not relevant for the
interactions, OCL/RT is not used in its full potential. Future
work is needed in order to extend the language to specify
state-based constraints suited for temporal logic reasoning.
Moreover, system runs do not consider termination events for
operations nor synchronization of messages. Both concepts are
needed to develop a integrated behavioral specification model
connecting other development activities as intra-component
specifications and design by contract.

Our approach tends to ensure software quality attributes
by verification of the generated models at early development
stages. A formal background helps to prevent from ambigu-
ous, imprecise, contradictive and error-prone specifications.
This approach allows a tighter control of the processes and
improves software reliability. Our intention is not capricious
since software modeling and formal verification are strongly
related in growing engineering approaches nowadays.

ACKNOWLEDGMENT

The authors are indebted to Alexander Knapp for fruitful
discussions on the subject.

REFERENCES
[1] “UML 2.0 Superstructure,” Object Management Group, For-
mal Specification formal/05-07-04, 2005. [Online]. Available:

http://www.omg.org/docs/formal/05-07-04

“UML 2.0 Object Constraint Language,” Object Management Group,
Formal Specification formal/06-05-01, 2006. [Online]. Available:
http://www.omg.org/cgi-bin/doc?formal/06-05-01

M. V. Cengarle and A. Knapp, “Towards OCL/RT,” Lecture Notes in
Computer Science, vol. 2391, pp. 390409, 2002.

M. V. Cengarle and A. Knapp, “UML 2.0 Interactions: Semantics and
Refinement,” in Proc. 3rd Intl. Work. on Critical Systems Development
with UML. Technische Universitat Miinchen, 2004, pp. 85-99.

B. P. Douglass, Real-Time UML: Advances in the UML for Real-Time
Systems, 3rd ed. Addison Wesley, 2004.

B. Selic, G. Gullekson, and P. T. Ward, Real-Time Object-Oriented
Modeling. Wiley, 1994.

H. Storrle, “Semantics of Interactions in UML 2.0,” Proc. 2003 IEEE
Symp. on Human Centric Computing Languages and Environments, pp.
129-136, 2003.

(. Haugen, R. Kobro, K. Husa, and K. Stglen, “Why Timed Sequence
Diagrams Require Three-Event Semantics,” Lecture Notes in Computer
Science, vol. 3466, pp. 1-25, 2005.

R. Grosu and S. Smolka, “Safety-Liveness Semantics for uml 2.0 se-
quence diagrams.” in Proc. 5th Intl. Conf. on Application of Concurrency
to System Design. 1EEE Computer Society, 2005, pp. 6—14.

Y. Hammal, “Branching Time Semantics for UML 2.0 Sequence Dia-
grams.” Lecture Notes in Computer Science, vol. 4229, pp. 259-274,
2006.

A. Cavarra and J. Kuster-Filipe, “Formalizing Liveness-Enriched Se-
quence Diagrams Using ASMs,” Lecture Notes in Computer Science,
vol. 3052, pp. 62-77, 2004.

A. Cavarra and J. Kiuster-Filipe, “Combining Sequence Diagrams and
OCL for Liveness.” Electronic Notes in Theorical Computer Science,
vol. 115, pp. 19-38, 2005.

D. Calegari, “UML 2.0 Interactions with OCL/RT Constraints,” InCo-
PEDECIBA, Master Thesis Report TR07-17, 2007. [Online]. Available:
http://www.fing.edu.uy/inco/pedeciba/bibliote/tesis/tesis-calegari.pdf

V. Pratt, “Modelling Concurrency with Partial Orders,” International
Journal of Parallel Programming, vol. 15, no. 1, pp. 33-71, 1986.

(21

(51
(6]
(7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

Page 172




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




