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Abstra t. In this paper, we extend the formal spe i
ation of the JavaSpa es ar hite ture presented in [18℄ with the event noti ation me hanism. Pro esses running on a JavaSpa es system an register their interest in in oming entries. The spa e informs the arrival of mat hing
entries by sending events to the registered pro esses. We use CRL,
a language that ombines abstra t data types with pro ess algebra, to
model a formal abstra tion of this me hanism. The purpose of this work,
in ombination with the previous one, is to verify properties of the JavaSpa es te hnology and to allow automati model he king of distributed
appli ations built under it.

1 Introdu tion
The parallel omposition of simple behavior agents an produ e ompli ated
systems. Distributed appli ations have to manage with the ommuni ation and
syn hronization between pro esses a ross heterogeneous networks, dealing with
laten ies, partial failures and system in ompatibilities. Hen e oordination arhite tures attempt to assist programmers at the diÆ ult task of designing and
implementing reliable distributed systems.
JavaSpa esTM [16℄ te hnology is a Sun Mi rosystems, In . oordination ar hite ture, implemented as a JiniTM [17℄ servi e. It gives support to two programming styles of pro esses oordination: the shared dataspa e (Linda [8℄ like style)
and a rea tive style. External agents ommuni ate by sharing obje ts through
the spa e, by means of some basi primitives. They an basi ally write and look
up obje ts but they an also express their interest in in oming entries, by registering using the notify primitive. Then the spa e is harged to inform the agents
the presen e of suitable entries by sending events. The external pro esses \rea t"
to the arrival of new entries in the spa e.
In a previous paper [18℄, we studied the basi features of the shared dataspa e
style, now we are going to present the formal spe i ation of the noti ation
me hanism using CRL [13, 11℄, a language whi h merges the standard pro ess
?
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algebra ACP [1℄ and abstra t data types. By extending the model with the new
operation, we allow to prototype and verify more JavaSpa es appli ations. The
veri ation of the system is done by using the ombination of the CRL tool
set [2℄ and the Csar Aldebaran Development Pa kage (CADP) [10℄.
During the implementation of the CRL model we had to fa e several diÆulties in interpretation of the JavaSpa es spe i ation. There are some issues
that JavaSpa es spe i ation leaves un lear or ambiguous and that are a tually
solved in the implementation. In our work, we attempt to larify and resolve this
la k of pre ision and detail.
This paper is stru tured as follows. After this introdu tion, we present the
JavaSpa es spe i ation and the CRL language. We ontinue with the study
of the formalism of the JavaSpa es ar hite ture fo using on the notify primitive. Then, we illustrate the spe i ation by modeling and model he king a
simple appli ation. The paper nishes with the on lusion and some referen es
to other related works. The spe i ation and some examples an be found at:
\http://www. wi.nl/~miguel/JavaSpa es/".

2 JavaSpa es
JavaSpa es is both an appli ation program interfa e (API) and a distributed
programming model. Agents an intera t simultaneously with a shared dataspa e
of obje ts, the spa e handles the details of on urrent a ess to the data. Agents
of appli ations are \loosely oupled", they do not ommuni ate with ea h other
dire tly but by sharing information via the ommon spa e. They use a small set
of primitives des ribed in Figure 1:
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A write operation pla es a opy of an entry into the spa e. Entries an be
lo ated by \asso iative lookup" implemented by templates. Pro esses nd the
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entries they are interested in by expressing onstraints about their ontents without having any information about the obje t identi ation, owner or lo ation.
A read request returns a opy of an obje t from the spa e that mat hes the
provided template, or null if no obje t has been found. If no mat hing entries are
in the spa e, then read may wait a user-spe i ed amount of time (timeout) until
a mat hing entry arrives in the spa e. ReadIfExists performs exa tly like read,
but it only blo ks if there are mat hing obje ts in the spa e but they have oni ting lo ks from one or more other transa tions. Take and takeIfExists are the
destru tive versions of read and readIfExists: on e an obje t has been returned,
it is removed from the spa e.
The notify primitive is used to express interest in future in oming obje ts.
The agent provides a template and the spa e will notify the agent when a mat hing obje t has arrived, by means of an event. Three entities are involved in the
noti ation me hanism: The spa e is the sour e of events, it res an event when
an entry mat hes a registration. The destinations, alled listeners, wait for the
arrival of events and \rea t" to them. And the appli ation pro ess whi h register
the listeners to be noti ed. The registration is done by the syn hronous a tion
notify based on the JavaSpa es spe i ation [12℄.
publi interfa e JavaSpa e {
...;
EventRegistration notify(Entry tmpl, Transa tion txn,
RemoteEventListener listener, long lease,
MarshalledObje t handba k)
throws RemoteEx eption, Transa tionEx eption;
...;
}

The primitive gets as arguments the template to mat h entries, the referen e to a transa tion, the referen e to the remote event listener, the lease and a
handba k used to pass information from the appli ation pro ess to the listeners.
The spa e returns an eventRegistration obje t, whi h in ludes the registration
identi ation number (the spa e assigns a identi ation number to any new registration), the granted lease and the initial sequen e number for events generated
from the notify registration. Every mat hing entry will in rease by one the sequen e number of the registrations. And newly generated event will ontain a
sequen e number greater than the previous one.
JavaSpa es also provide support to leasing and transa tions, from the Jini
ar hite ture [17℄:
JavaSpa es supports a transa tional model ensuring that a set of grouped
operations are performed on the spa e atomi ally, in su h a way that either
all of them omplete or none are exe uted. Transa tions a e t the behavior
of the primitives, e.g. an obje t written within a transa tion is not externally
a essible until the transa tion ommits, the insertion will never be visible if
the transa tions aborts. Transa tions provide a means for enfor ing onsisten y.
Transa tions in JavaSpa es preserve the ACID properties: Atomi ity, Consisten y, Isolation and Durability.

CRL

JavaSpa es allo ates resour es for a xed period of time, by asso iating a
lease to the resour e. The lease model is bene ial in distributed systems where
partial failures an produ e waste of resour es. The spa e determines the time
during whi h an obje t an be stored in the repository before being automati ally
removed. Also transa tions are subje t to leasing, an ex eption is sent when the
lease of a transa tion has been expired. Leases an always be renewed or an eled.
In the paper [18℄ we have presented the CRL spe i ation of the primitives:
write, read, take, takeIfExists and readIfExists, leases and transa tions. Now we
are going to fo us on the notify operation.
To know more about JavaSpa es, please onsult the referen es [12, 16℄.

3 Introdu tion to CRL
A CRL spe i ation is omposed by two parts. First, the de nition of the data
types, alled
. A sort onsists of a signature in whi h a set of fun tion
symbols, and a list of axioms are de lared. For example, the spe i ation of the
booleans (Bool) with the onjun tion operator (and) is de ned as follows:

sorts

sort Bool
fun T,F:!Bool
map and: BoolBool!Bool
var
b: Bool
rew and(T, b) = b
and(F, b) = F

fun
rew var

map

The keyword
denotes the onstru tor fun tion symbols and
is used
to de lare additional fun tions for a sort. We an add equations using variables
(de lared after
and
) to spe ify the fun tion symbols. The de laration
of the sort Bool must be in luded in every CRL spe i ation be ause booleans
are used for modeling the guards in the \if-then-else" onstru tion.
The se ond part of the spe i ation onsists of the pro ess de nition. The
basi expressions are a tions and pro ess variables. A tions represent events in
the system, are de lared using the keyword
followed by an a tion name
and the sorts of data with whi h they are parameterized. A tions in CRL
are onsidered atomi . There are two prede ned onstants: Æ whi h represents
deadlo k, and  whi h is a hidden a tion. Pro ess variables abbreviate pro esses,
and are used for re ursive spe i ations.Pro ess operators de ne how the pro ess
terms are ombined. We an use:

at

{ The sequential, alternative and parallel omposition (:,+,k) pro ess operators.
{ sum (P) to express the possibility of in nite hoi e of one element of a sort.
{ The onditional expression \if-then-else" denoted p  b  q, where b is
a boolean expression, p and q pro ess terms. If
behaves as p otherwise it behaves like q.

b

is true then the system
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omm

They keyword
spe i es that two a tions may
a tions are able to syn hronize we an for e that they o
muni ation using the operator H . The operator I hides
renaming into  a tions. The initial behavior of the system
the keyword
followed by a pro ess term:

init

System
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ur always in omen losed a tions by
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= I H (p0 k p1 k :::)

System

4 CRL Spe i ation
The spa e is modeled as a single pro ess alled javaspa e. External agents are
implemented as separate pro esses exe uted in parallel with the spa e. A JavaSpa es system is spe i ed in CRL as follows:
System = I H (javaspa e(:::)

k external P0 (id0 : N at; :::)
k external P1 (id1 : N at; :::) k :::)

The arguments of the javaspa e pro ess represent the urrent state of the
spa e. They are omposed by: stored obje ts, a tive transa tions, the urrent
time, a tive operations, notify registrations, et etera. . . External pro esses intera t with the spa e by means of a set of syn hronous a tions, derived from
the JavaSpa es API. Every pro ess has a unique identi ation number used by
the spa e to ontrol the a ess to the ommon repository. Pro esses use the sort
Entry to en apsulate the shared data. In the JavaSpa es spe i ation, an entry
orresponds to a serializable JavaTM obje t whi h implements the publi interfa e Entry (with some other restri tions). In our model, entries are represented
by a
. Users an de ne their own data stru ture a ording to the appli ation
requirements. The insertion of a new entry into the spa e is done with the a tion
write whi h has four arguments: the pro ess identi ation number of the sort
Nat (naturals), the entry of the sort Entry, the lease of naturals and the referen e to a transa tion (null if it is not submitted to any one). When the spa e
re eives a write request, it automati ally en apsulates the entry, with its lease
and the referen e to the transa tion, in an new data sort (Obje t) and stores it
in the database whi h has the stru ture of a Set.
Look up primitives ould be lassi ed as: destru tive and non-destru tive,
depending on whether the item is removed or not after the exe ution of the
a tion, and in blo king and non-blo king depending on whether the pro ess waits
until it re eives the requested item. We an invoke destru tive look ups (take)
or non-destru tive (read), setting up the time during whi h the a tion blo ks.
The JavaSpa es spe i ation says that a look up request sear hes in the
spa e for an Entry that mat hes the template provided in the a tion. If the
mat h is found, a referen e to a opy of the mat hing entry is returned. If no
mat h is found, null is returned. We do not use templates to model the mat hing
operation but by adding to every invo ation one predi ate, as argument, whi h
determines if an Entry mat hes or not the a tion. This predi ate belongs to the

sort

CRL Spe i ation

sort

Query, de ned by the user a ording to the spe i ation of the Entry. The
sort must in lude the operator test used to perform the mat hing. An entry of
the spa e will mat h a look up a tion if it satis es the asso iated test predi ate.
The look up operations are not atomi . They are done by two syn hronous
a tions; rst the pro ess makes the request and blo ks waiting for an entry or
for the timeout expiration. First, the spa e stores this request in a set with other
pending requests and afterward the spa e returns a mat hing entry or the null
value.
The behavior of all the primitives would be slightly di erent depending on
whether they are exe uted under a transa tion or not. Before fo using on the
notify primitive let's see a small example of ode illustrating the presented operations. The example is a re ursive pro ess whi h renames entries of type A to
type B. It performs the operation under a transa tion leased for one time unit.
If the timeout of the transa tion expires the spa e raises an ex eption and sent
it to the pro ess by means of a syn hronous a tion (ex eption), then the pro ess
deadlo ks:

pro

P

ren(id:Nat) =
.

( reate(id, tr , S(0))
tr :N at
.(take(id, tr , FOREVER, isTypeA) + Ex eption(id, tr ).Æ )

P

((Return(id,e) + Ex eption(id, tr ).Æ )
e:Entry
.(write(id, renameToB(e), tr , FOREVER)+ Ex eption(id, tr ).Æ ))
.

.( ommit(id, tr ) + Ex eption(id, tr ).Æ ))
.ren(id).Æ

Now, we are going to fo us on the spe i ation of the notify me hanism
introdu ed in Se tion 2.
For simpli ity, we have abstra ted away the lease, the transa tion and the
handba k but we will omment the in lusion of the rst two elds later in this
se tion. The template is repla ed by a query. We assume the registration is done
atomi ally, thus no events an be red between the begin of the registration
and its return. Therefore the initial sequen e number of events will be zero.
Due to these abstra tions, the spa e only returns a single value representing
the registration identi ation number. This operation is performed reliably so it
annot throw any ex eption. The a tion signature is:
sort
a t

Nat, Query
notify:

NatNatQueryNat

The arguments are: the pro ess identi ation number, the listener identi ation
number, the query and the event registration identi ation number (provided by
the spa e).
When the spa e syn hronizes with a notify a tion, it stores the registration
in a set. For ea h newly written entry it will he k every registration to know
whether it has to be noti ed or not. In other words, the spa e marks the registrations whose query mat hes the new entry. It also in rements by one the event
sequen e number. The spe i ation says that the spa e makes a \best e ort"
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to deliver the noti ations, a noti ation event will be eventually sent to the
registered listeners. The spa e does not guarantee the generation of an event for
every mat hing entry, so several mat hing entries an be stored before the spa e
de ides to re a message. The sequen e numbers are useful to keep tra k of the
events, as we will see on a small example in Se tion 5.
An event listener is an obje t that rea ts to the re eption of an event and that
may be running remotely. The listener has a method (notify1 ) invoked whenever
it re eives a noti ation event. A ording to the JavaSpa es spe i ation the
notify all is syn hronous so the spa e waits on a listener until the all nishes,
but the JavaSpa es implementations are multi-threaded hen e many di erent
notify alls an be done on urrently. We modeled the notify operation with our
single javaspa e pro ess, assuming that we have an implementation with enough
threads to manage all the noti ations of the system. The CRL spa e delivers
the event and doesn't wait until the end of the method all of the listener. This
poli y will not be admissible if there are too many listener registrations or if the
notify methods are very slow (blo k the spa e for long periods) or never return.
Our model would help programmers to take are about preserving the desirable
behavior of the system, for example we will show one appli ation in Se tion 5
the dete tion of a problem in a listener whi h arrives to a non desired blo ked
state.
The event sent by the spa e ontains some data values. It in ludes the registration identi ation number, to allow a listener to distinguish the event as
belonging to a parti ular registration and the sequen e number of events, whi h
an be used by listeners to know the number of events o urred from last notiation.
In our model, listeners are going to be modeled as separate pro esses. CRL
does not allow the instantiation of pro esses on running time so listeners have to
be de ned at the beginning, a ording to the needs of the appli ation. A listener
has the following stru ture:
pro

P

P

listener(id:Nat, d0 :D0 ,...,dn :Dn ) =
( seq :N at ( Notify(id, registrationID, seq)
registrationI D :N at
.do work

.listener(id)))

Where d0 :D0 ,...,dn :Dn are the user de ned arguments, and Notify the a tion
for re eiving the event. The .do work operation may be omposed of any omputation or any ommuni ation with other pro esses or with the spa e.
Messages travel over the network from the event sour e (the spa e) to the
event destination (the listener); they are not delivered instantaneously nor reliably. Hen e events may be lost and never rea h their destinations. They may
also arrive unordered be ause events an follow di erent paths. The event sour e
an always dupli ate messages be ause it annot be sure whether the delivered
events have arrived or not. To model this non-deterministi behavior, we spe ify
1

Do not onfuse with the registration notify method.
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a separate pro ess whi h represents the network situated between the sour e and
the destination. This pro ess stores the events in a fo list, and an always:

{ Re eive: The network pro ess re eives and event from the spa e by means
of the syn hronous a tion Notify.
{ Loose: It removes the rst obje t of the list.
{ Swap: It hanges the order of the rst two events that have the same destination.
{ Dupli ate: It repli ates the rst element of the list.
{ Deliver: The networks dispenses an event to a listener using the a tion
notify.

We parameterized the network pro ess with a eld ounting the number of
errors (looses, dupli ations and swaps). To keep nite the system we only allow a
maximum number of errors. A reliable network would have a maximum number
of errors equal to zero.
The omplete system is omposed of the parallel omposition of the appliation pro esses, listeners, the spa e and the network. Figure 2 illustrates the
model.
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We an also add leasing to the registration me hanism. We pro eed in the
same way as for the look up primitives. The appli ation pro ess passes the requested lease to the spa e, it in ludes this value in a data eld of the registration
obje t. The spa e manages a entralized lo k implemented as a dis rete ounter.
The javaspa e pro ess in rements this lo k arbitrarily. Using this ounter we
an manage the expiration of the leases. When the registration lease expires the
spa e automati ally removes the obje t from the data base. Listeners an re eive
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events even if the registration has been removed, be ause the messages may be
delayed on the network.
Notify an also be joined to a transa tion. The spa e will send events when
a mat hing entry is written under the same transa tion of the registration or
under the null transa tion. If a transa tion expires the joined registrations will
be removed. We have not implemented these two issues (transa tions and leasing)
for the notify primitive, but a ording to its spe i ation for the other primitives
we foresee no major diÆ ulties to do it. This on ludes the presentation of the
CRL model, now let's analyze a simple appli ation.

5 Example
In this se tion we are going to illustrate the use of the proposed spe i ation to
model he k JavaSpa es appli ations by analyzing a simple example. The system
onsists of a pro ess whi h registers a listener, expressing interest in any new
data of the type message. When the listener re eives the event, it just takes the
message and prints \Hello World" (see the example in Chapter 8 of \JavaSpa es
Prin iples, Patterns, and Pra ti e" [12℄). First we spe ify the sort Entry, whi h
only has two possible values the ompulsory null entry, and the message (we
don't are about its ontent). The CRL ode is as follows:
sort
fun
map
var
rew

Entry

!Entry
!Entry
eq: EntryEntry!Bool

entryNull:
message:
e:

Entry

eq(entryNull,entryNull) = T
eq(message, message) = T
eq(entryNull, message) = F
eq(message, entryNull) = F

We de ne two queries: any whi h mat hes any entry and isMessage whi h mat hes
the entries of type message. Let's see the ode:
sort
fun
map
var
rew

Query

!Query
!Query
test: QueryEntry!Bool
eq: QueryQuery!Bool

any:

isMessage:

e:

Entry

test(any, e) = T
test(isMessage, message) = T
eq(any,any) = T
eq(isMessage,isMessage) = T
eq(any,isMessage) = F
eq(isMessage,any) = F

Example

The user appli ation is omposed by two pro esses. Apps exe utes the a tion
notify registering the listener and the listener, that rst gets the event and then
tries to take the entry from the spa e. If the take is su essful it does the a tion HelloWorld. Note that we have simpli ed the primitives take and write by
removing the lease and the transa tion. The ode is:
pro

P

apps(id: Nat, listenerID: Nat) =
(notify(id, listenerID, isMessage, registrationID))
registrationI D :N at
.write(id, token).Æ

pro

P

listener(id:Nat) =
(
:
.take(id, isMessage)
registrationI D N at

P

:

seq N at

( Notify(id, registrationID, seq)))

P

.waiting
.

(Return(id,e))
e:Entry
.HelloWorld
.endNotify(id, registrationID, seq)
.listener(id)

Finally, the omplete system is omposed by the parallel omposition of the
spa e, the apps pro ess, the listener and the network, whi h is allowed to ommit
one error.
System = fwrite;W rite;notif y;N otif y;

g

(javaspa e(0; emN; emA; 0)jj N etwork(emE; 0; S (0)) jj
apps(0; S (0)) jj listener (S (0)))
notif y; N otif y;:::

To ea h CRL spe i ation belongs a labeled transition system (LTS) being a
dire ted graph, in whi h the nodes represent states and the edges are labeled with
a tions. If this transition system has a nite number of states the CRL tool set
an automati ally generate this graph. Subsequently, the Csar Aldebaran
Development Pa kage (CADP) an be used to visualise and to analyse this
transition system. Figure 3 shows the generated LTS of the simple HelloWorld
appli ation where the a tion N orresponds to the ommuni ation between the
notify a tion of the appli ation pro ess and the Notify a tion of the spa e, W
to the write a tions, N orresponds to send an event from the spa e to the
network, N to deliver it from the network to the listener, T orresponds to
a take request and Rt is the return of the take. Dupli ate, loose, HelloWorld,
waiting and endNotify are external a tions informing about the exe ution of the
system. Remark that the a tion endNotify is just a \printed" message, listeners
do not syn hronize with the spa e at the end of the notify invo ation.
We an see in the gure 3 a desirable exe ution following the path: 0-1-23-4-7-9-11-13-15) and two undesired behaviors. The rst is when the network
looses the data (path: 0-1-2-3-5), thus the listener doesn't re eive the message.
The other is when the network dupli ates the event(0-1-2-3-6-8-10-12-14-15-1617-18-19-20), then listener tries to take two times the message. In this ase the
listener gets blo ked waiting for a return that will never happen unless another
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LTS of HelloWorld in a non reliable network

pro ess writes a new message. We an avoid the se ond undesired behavior by
he king the event sequen e number before trying to perform the take primitive.
This is modeled with the following ode:
pro

P

P

listener(id:Nat, last:Nat) =
(
:
.(take(id, isMessage)
registrationI D N at

P

:

seq N at

( Notify(id, registrationID, seq)

.waiting
(Return(id,e))
e:Entry
.HelloWorld
gt(seq, last)



 do nothing)

.endNotify(id, registrationID, seq)
.listener(id)))

The listener only tries to take the message if the sequen e number (seq) is
greater than the sequen e number of the last noti ation (last), otherwise it
assumes that the event has been dupli ated and nishes.
We an automati ally verify some properties of the system using the Evaluator tool from the CADP pa kage. These properties are expressed in temporal
logi . We used the regular alternation-free - al ulus formulas [15℄. For example,
the following formula means that every notify invo ation of a listener nishes, in
other words: after a N there is always an endNotify with the same arguments:
[true*.'__N(.*)'℄mu X.(<true>true and [not 'endNotify(\(.*\))'℄X)

Related Work

This formula does not hold for the rst example of listener. The evaluator
analyzes it and gives the ounter example orresponding to already pointed path.
However the se ond listener, whi h he ks the sequen e number of events satis es
the property.

6 Related Work
As we said, this work is an extension of the [18℄. Our information of JavaSpa es
is based upon the book [12℄, and the do umentation from Sun on JavaSpa es [16℄
and Jini [17℄. The latter do ument des ribes a.o. the on epts of leasing, transa tions and distributed events. The basi ideas of JavaSpa es go ba k to the
oordination language Linda [8℄.
Some work on the formalization of JavaSpa es (or other Linda-like languages)
exist, notably [4, 5, 6, 7℄. In these papers, an operational semanti s of JavaSpa es programs is given by means of derivation rules. In fa t, in this approa h
JavaSpa es programs be ome expressions in a spe ial purpose pro ess algebra.
Those authors aim at general results, i.e. omparison with other oordination
languages, expressiveness, and results on serializability of transa tions. Veri ation of individual JavaSpa es programs wasn't aimed at.
Although we also take an operational approa h, our te hnique is quite different. We model the Javaspa e system, and the JavaSpa es programs as expressions in the well-known, general-purpose pro ess algebra, CRL [13℄. This
allows us to use the existing CRL tool set [2℄ and the CADP tool set [10℄ for
the veri ation of individual JavaSpa es programs. In our model, the JavaSpa es
programs ommuni ate with the JavaSpa es system syn hronously.
Our te hni al approa h is similar to the resear h in [9, 14℄. In these papers,
programs written under the Spli e ar hite ture [3℄ are veri ed. Both papers
give an operational model of Spli e in CRL, and use the CRL and CADP
tool sets to analyse Spli e programs. One of the main purposes of the Spli e
ar hite ture is to have a fast data distribution of volatile data. To this end,
the data storage is distributed, as opposed to the entral storage in JavaSpa es.
In Spli e, data items are distributed by a publish/subs ribe me hanism. Newer
data items simply overwrite outdated items.

7 Con lusion
In this paper we studied the spe i ation of the notify me hanism of the JavaSpa es ar hite ture. We have found several diÆ ulties in interpretation that we
tried to solve. Some of these problems are solved in the implementation of JavaSpa es but not in its spe i ation.
First, the spe i ation says that an event an be dupli ated by the event
sour e. This issue is sour e of several questions: How and when does the spa e
de ide to send twi e the same message? Has the notify all a timeout? Can
listeners be noti ed during a noti ation? Other problem omes from the interpretation of \best e ort"; the spa e will \eventually" send a event after a
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write. But when does the spa e send a event? and when does it ompress several
mat hes in one noti ation?.
The notify all is \syn hronous", so the spa e blo ks until the end of the
remote method. Whi h a tions are listeners allowed to do in the notify method?
What will happen if a listener never returns? What will be the di eren e between
a single-threaded and a multi-threaded spa e?
We attempted to solve the un lear details by making assumptions about the
behavior of the system. Our informations are not only based on the JavaSpa es
spe i ation, sometimes ambiguous, but also in the ar hives of the dis ussion
group where some of these have been treated. See, for example:
http://ar hives.java.sun. om/ gi-bin/wa?A2=ind9904&L=javaspa es-users&P=R3468&D=0&H=0&O=T&T=1
http://ar hives.java.sun. om/ gi-bin/wa?A2=ind0106&L=javaspa es-users&P=R2562&D=0&H=0&O=T&T=1

The last part of the paper is dedi ated to the study of a very simple JavaSpa e
appli ations. Although we annot verify the orre tness of the proposed model,
we an see, in small examples, that the behavior orresponds to JavaSpa es
spe i ation. Together with the CRL simulator this provides some validation of
the model. We also present some ideas of how to verify properties of appli ations.
In the same way we an study more omplex problems.
The CRL model of the noti ation me hanism may be used not only to
model he k JavaSpa es appli ations but also to study the ar hite ture itself
and resolve all kinds of un lear or ambiguous points.
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