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Abstract.  Event correlation is a service provided by middleware plat-
forms that allows components in a publish/subscrib e architecture to sub-
scribe to patterns of events rather than individual events. Event corre-
lation improvesthe scalability and performance of distributed systems,
increasestheir analyzability, while reducing their complexity by moving
functionalit y to the middleware. To ensurethat event correlation is pro-
vided as a standard and reliable service,it must possesswvell-de ned and
unambiguous sematrtics.

In this paper we presernt a language and formal model for event corre-
lation with operational semartics de ned in terms of transducers. The
language has been motivated by an avionics application and includes
constructs for modes in addition to the more common constructs such
as selection, accumulation and sequerial composition. Prototype event
processingenginesfor this languagehave beenimplemented in both C++

and Java and are now being integrated with third-part y event channels.

1 Intro duction

Publish-subscribe is an evernt-based model of distributed systemsthat decouples
publishers from consumers.Consumersregister their interests with the middle-
ware by means of a subscription policy. Events published to the middleware
are delivered only to those consumersthat expressedan interest. The publish-
subscribe paradigm is useful in practice for building large systemsin which not
all componerts are known at designtime, or componerts may be dynamically
added at runtime (such asin mobile systems). These systemsmay even extend
world wide. Crowcroft et al [5] predict a world in which pervasive computing
devicesgenerate 10,000,000,00Ceverts per second,with billions of subscribers
from all over the planet. Clearly, extensive ltering and correlation are required
at multiple levels and locations to managethesevolumes.

Seweral middleware platforms provide evert noti cation services.Examples
include Gryphon [1], Ace-T ao [19], Siena [3], Elvin [2]. An overview and
comparisonof such systemsis in [15]. In somemiddleware platforms, such asthe
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real-time event channel (RTEC) of ACE-TAO [19], consumerssubscribe with the
middleware with a list of event typesor sourcesthey wish to receive. Suppliers
publish their everts to the RTEC, which then distributes them to the subscribed
consumers.This serviceis called evert ltering.

Event correlation extends ltering with more complex subscriptions, includ-
ing combinations of events and temporal patterns. Providing event correlation
asa standard middleware servicefurther enhanceghe performanceof embedded
applications. However, more importantly, it enablesthe transfer of functionality
from application componerts to the middleware, which

{ reducessoftware developmert and maintenancecost by decreasingthe num-
ber of special-purposecomponerts to be deweloped, ascomplexity is factored
out of the componert into the middleware;

{ increasegreliabilit y, asthis servicecanbe veri ed and tested onceaspart of
the platform and reusedmany times;

{ increasesthe analyzability of the system, and accuracy of schedulability.
Where event dependenciesverebeforelargely hidden inside application com-
ponerts, with evert correlation provided, these dependenciesare available
explicitly to analysistools in the form of event correlation expressionswith
well-de ned semartics;

{ increases exibilit y in con guration: evernt correlation expressionscan be
changedon a shorter notice than componerts.

To enable event correlation to be provided as a standard, reliable middleware
service, it must comewith a well-de ned, unambiguous semartics. In addition,
it is desirablethat the evernt-processingcode be generated automatically from
the (declarative) event correlation expressions.This ensuresadherenceto the
semairtics by construction.

In this paper, we presen a languageand a computational model for evert
correlation that provides an unambiguous semartics for event correlation ex-
pressions.The model is basedon automata/transducers, a well-studied domain
with a large body of analysis methods and tools. Another attractiv e property of
transducersis that it is an operational model: they can be useddirectly in the
RTEC to processeverts interpretativ ely, or usedto automatically generatethe
code to processthe events.

The dewvelopmen of this languagewas initiated to enable the use of evert
correlation in the Boeing Open Experimental Platform for the DARPA Informa-
tion Exploitation O ce Program Composition for Embedded Systems(PCES)
program, basedon Boeing's Bold Stroke avionics architecture [20]. Someof the
constructs included in the languagewere directly motivated by Boeing product
scenarioswhich illustrate important componert level interactions in assciated
avionics applications.

The paper is organized as follows. In section 2 we give an intuitiv e overview
of the features of a simple version of our evert correlation expressionlanguage.
In section 3 we presen the new model of correlation machines and its extension
correlation modules that are used to de ne the operational semartics of the
constructs in the correlation language.This translation is described in section4.



In section5 we brie y presert somerelated work. Finally, section6 cortains the
conclusionsand outlines somedirections for future researd.

2 Event Correlation Language

Syntax : An ECL expressionis constructed out of predicates over everts, to
which we apply the combination operators shonvn below.

A predicate formula is itself a correlation expression.If ; ,::: , arecor-
relation expressionsthen so are

accumulate f 1;:::; ngQ failf g
selectf 1;:::; ng push (x)f g
sequential f 1;:::; ng persistf g
dof igunlessf ,g rep eatf g
parallel f 1;:::; g loopf g

An informal description of ead of the constructs follows.

In general,an expressionis evaluated over an input stream of everts. On any
event the evaluation may complete successfully complete in failure, or may not
complete. processed.

Basic Constructs : The lowest-level construct is a simple event predicate on a
single evernt. This may range from being an enumeration on a nite alphabet to
rst-order predicates on the source, timestamp, type, and data content of the
evert. In the context of the languagedescribed here we are only concernedwith
whether or not an evert satis es the predicate. In generalwe assumewe have an
e ectiv e way of deciding this. To simplify this preseration we assumea nite

alphabet of input everts.

The evaluation of a predicate expressioncompletes successfullywhen the
event received satis es the predicate. It doesnot complete on any other evert.
In particular, the expressionnever fails: everts that do not satisfy the predicate
are simply ignored.

Simple predicate expressionsmay be combined using the standard boolean
operators with the usual semariics into compound predicate expressions.An
exampleof a compound predicate expressionis hsource = GPSi * htype = DATAI
which is satis ed by any event that meetsboth conditions.

The boolean constarts true and false are available astrivial predicate ex-
pressions.The predicate true completessuccessfullyupon the reception of any
evert; false is never satis ed, and hence never completes. Note that it does
not complete in failure either (it simply blocks waiting for an event satisfying
\false").

Simple correlator expressions: Predicate expressionscan be combined into cor-
relator expressionsthat may needto consumemultiple everts before they com-
plete.



The most commonly seenevert correlation constructs are the accumnulation
and selectionoperators, with various semartics. In our semartics the evaluation
of an accunulation expressionevaluates all subexpressionsin parallel. It com-
pletes successfullywhen all subexpressionshave completed successfully and it
completeswith failure when one of the subexpressionsresults in failure. The
selectionoperator is the dual of the accunulation operator. Here the subexpres-
sions are also evaluated in parallel, but the evaluation completesif one of the
subexpressionscompletessuccessfullyand fails if all subexpressionscompletein
failure. An alternative semartics of selection, denoted by select* is sometimes
useful, in which the ewvaluation completesin failure when one of the subexpres-
sionsendsin failure.

A sequettial operator is lesscommonly seenin the popular middle-ware plat-
forms. Howevwer it is useful in forming more complex patterns. The evaluation
of a sequenial expressionproceedssequetially, where the evaluation of 41 is
started after successfulcompletion of ;. The expressioncompletessuccessfully
upon successfulcompletion of . It endsin failure when any of the subexpres-
sionsendsin failure.

None of the constructs preseried so far can lead to completion in failure.
(Note that the accunulation and selection operator can propagate failure, but
not causeit.) The do-unlessoperator is the rst operator that can causean
expressionto end in failure. It was inspired by the, lessgeneral, sequetial un-
lessoperator in GEM [14]. The evaluation of the do-unlessexpressionevaluates
the two subexpressionsin parallel. It completessuccessfullywhen 3 completes
successfully it completeswith failure when either ;1 completesin failure or
completessuccessfully Note that completion of ; in failure doesnot a ect the
evaluation of ;. The do-unlessexpressionis usefulto preempt other expressions,
especially those that do not complete by themseles.

The fail operator \in verts" its argument. That is, a fail expressioncompletes
successfullywhen completesin failure and vice-versa.

Repetition : The languageprovides seweral constructs for repetition, which may
be parameterized by the maximum of number of repetitions. The constructs
dier in their handling of failure of the subexpressions.The evaluation of a
repeat expressionrepeats , irrespective of its failure or successWith a persist
expression, is repeated until successwhile a loop expressionrepeats until
failure.

Generating output : The expressiongreseried sofar do not generateany output.

The purposeof the languageis to provide a meansto notify the consumerthat

certain patterns of events have occurred, and therefore speci c operators are
introducedto generateoutput. The simpli ed versionof the languagepreseried
in this paper does not support the forwarding of evernts. The only output that

can be generatedare tokensfrom an alphabet of constarts. The push expression
push (x)f goutputs character x upon the successfutompletion of , after which
it completessuccessfullylf completeswith failure no output is generatedand
the push expressionitself completeswith failure.



Parallel Expressions : Correlator expressionsmay be combined into parallel
expressions.In the previous subsection, seweral subexpressionswere said to be
evaluated in parallel. However, their evaluations were linked in the sensethat
completion of one of them a ected the completion or termination of the others.

On the other hand, in a parallel expression,the subexpressionsare evaluated
independertly of ead other. Thus, the completion of any subexpressiondoesnot
a ect the ewaluation of any other. A parallel expressionnever completes,but it
can be preempted by, for example, an unless expression. Typically, a parallel
expressionwould cortain multiple rep eat subexpressions.

Mode Expressions : Mode expressionswere directly motivated by the avionics
applications that initiated this work. Mode expressionsprovide a conveniert
way to support dierent modes of operation. They allow simultaneous mode
switching of multiple componerts in a system without any direct coordination
betweenthese componerts.

A mode expressionhas multiple modes, eat consisting of a predicate ex-
pression called the mode guard, and a correlator expression.The mode guards
are expectedto be mutually exclusive, such that at any time exactly one mode
is active.

in (p1) do f 19

in (pn)dof ng

A mode i is activated when its mode-guard p; completes successfully Upon
activation of a new mode, evaluation of the expressionin the current mode is
terminated, and the evaluation of the expressionassaiated with the new mode
is started. Like the parallel expression,the mode expressiondoes not complete
by itself, but it can be preempted by other expressions.

3 Correlation Machines

ECL expressionscan be viewed as temporal lters, that is, for a given input
sequenceof events they specify \what" must be transmitted to the consumer,
and \when".

De nition 1 (Input-Output  pair). Let i, bea nite alphaket of input events
and o, bea nite alphatet of output constants. Let :ej;ep;::: be a sgquene
of eventswith 2 j,, and :0;;0.;::: be a sqguene of output constants with
0 2 out. An input-output pair is a pair ( ;h; fi) withf :N* 7! N a weakly
increasing function that speci es the position of the outputs relative to the input
seguene. That is, for eachi > 0, o is produced while or after the evente (;y is
consumed, and strictly before e (j)+1 (if present)is consumel.

Example 1. The input-output pair ( ;h; fi) with

1 €1,€2,€3,€4,65

o fy=2 f@=4



speci es that output o; should be produced betweenthe consumption of events
e, and ez, and output o, should be produced after consumption of event e,.

Although it may be interesting to de ne the semartics of ECL expressions
directly in terms of input-output pairs, we have found it more practical to do
it operationally in terms of transducers. The main advantage of this approac
is that it immediately provides a standard implemenrtation for ead correlator
expression.

To facilitate a compositional de nition of the semartics of ECL expressions
we introduce the correlation machine a nite-state transducer extended with
facilities for concurrency and reset in a way similar to Petri Nets [18], that
supports a conciserepresenation of simultaneous evaluation and preemption.
Concurrencyis provided by having transitions that map setsof setsof statesinto
setsof states, such that multiple statesmay haveto be activefor the transition to
be enabled.Resetis provided by explicitly including a clear setin the transition,
which may be a superset of the enabling condition. A similar way of reset was
also proposedin [21].

The addition of concurrency makesthe transducer potentially nondetermin-
istic, which is undesirable for an operational model. In the compositional con-
struction of the correlators we have found it conveniert to eliminate this non-
determinism by meansof a partial order on transitions that speci es a priorit y
ordering among enabled transitions.

Correlation machines may have internal transitions, that is, transitions that
do not consumeany input events. To enableuniform treatment of all transitions
we de ne expandedinput and output sequenceghat are padded with empty
input events and empty output constarts in such a way that the constraints on
the relativ e positions of input and output are presened.

Wewill use i, for i [ f g, and oy for ou [ f 0.

De nition 2 (Expanded input-output pair). The pair ( % 9 is an exmn-
sion of ( ;h; fi)if °(resp. 9 is equalto (resp. ) interleaved with nite
sequenes of the empty input (resp. output) event . Let g;h be the (weakly in-
creasing) functions that map the indices of the elementsin ; into the indices
of the correspnding elementsin = % ° We say that the expansion respects f  if
the outputs in the expansion are produced \at the right time", that is, if for all
i>0
g(f (1)) h(@i) <g(f(i)+ 1)

Example 2. For the sequences; in examplel the expansion

e & €3 €4 65
0. 01 %y

respectsf, asg(f (1)) = 9(2) = 4, g(f (1) + 1) = g(3) = 7, and h(1) = 5 for the
rst output, and g(f (2)) = g(4) = 8, g(f (2) + 1) = g(5) = 9, and h(2) = 8 for
the secondoutput.



De nition 3 (Correlation Mac hine). A correlation machine :hQ;I;T; i
has the following components

{ Q: a nite set of states,

{ I Q: the setof initial states,

{ T:a nite setof transitons = (En;a;Clr;Tgt;0) 2 T, with En 29, the
enabling states, ClIr ~ Q, the clear states, Tgt  Q, the target states, and
a2 i, theinput event,and o2 ., the output character, and

{ T T: apartial order on transitions.
De nition 4 (Behavior). An input-output pair ( ;h; fi) is a behavior of a
correlation machine :hQ;1;T; i if there existsan exmansion ( % 9),
O:yo y1 Y2 y3 i

0 wo Wg Wy Wg &3t

that respects f, and if there exists a sequene of sets of statesand sets of tran-
sitions Sg; To; S1; T1;::: suchthat

Initiation  (I): Sp =1
Consecution : for eachj 0
(CO) all transitions in T; are enabla, that is, for all = (En ;:::) 2 Tj, for
all setss2 En at least one state q is in the current set of states:

8s2En 992s:02§S

(C1) all transitions 2 T; are taken:

[ [
Si+1 = (5§ Clr ) [ Tot
2T 2T,

(C2) all transitions 2 T; are minimal in the partial order with resgect to all
transitions that are enable on S, that is, for all °2 T, ©

9s2 Eno 8g2s : 625

and T; is maximal, that is, it contains all transitions that are enablel
and minimal with respect to the partial order.

(C3) for all transitions = (:::;a;:::;0) 2 T;, the input eventa agrees with
the input eventin the input seguen@ in % and the output o agrees with
the output constantin ¢ thatis, a=y; ando= w;.

Se\eral transitions canberun in parallel. Condition CO saysthat all of them have
to be enabled, while condition C3 establishesthat they have to be consistert
with the input and output. Conditions C1 and C2 establish that the set of
red transitions is the greatestset of enabledtransitions that are minimal with
respect to the partial order.

Note, in particular, that if in state S; no transition is enabled,or no enabling
transition is interestedin input evert y; then T; = ; and Sj+1 = §;.



Fig. 1. Correlation automaton

Example 3. Considerthe correlation machine A = hQ;I;T; i with componerts

{ Q= fou ;s thiGe; B9 With | = faug,
{ T=11; 2; 35 4; sgwith

1= (ff ugg; ; fong; fap; s G605 )
2 = (ff ®og a;fopg;fwug; )

3 = (ff oy b;fosg;fasg; )

4= (ff g fasgg; ; Q;faug;x)

5 = (ff 6590, ¢;Q; fang; )

Remark: In the rest of the paper, when the enabling condition of a transition
consistsof a single set we write just the set rather than the set of that set, to
avoid clutter in notation.

A graphical represenation of the machine is shown in gure 1. In the gure
transitions are shown by rectangles.The automaton producesan output x after
every a and b in any order, without an intervening c. For example, the event
sequenceabbcbaroducesthe run and output sequenceshown in gure 2. Notice
the resete ect of transitions 4 and s. Both clearall currently active statesand
start afresh.

Correlation Module Correlation machines for correlation expressionsare con-
structed in a bottom-up fashion from the subexpressions.The building block,
called a correlation module is a correlation machine extended with two nal
states: s to indicate successfulcompletion and f to indicate failure of a subex-
pression. Final states only have signi cance in the modular construction; they
becomeregular statesin the nal machine. In the following sectionwe intro duce
the correlation module for someof the constructs de ned in section 2.



a a b b c b a
o7} G| | % o'} o7} o7 o7} o7 o’ o7}
| 1|Q| 2|B|;|B| 30| 40| 1|B| 30|50 1|B|3{0| 20| 4[0| 1|86
O6 G| | % O6 % O6 % O6 % O6
X X

Fig. 2. Run of A on event sequenceaabbcba

Fig. 3. Correlation module for a single event e

4 Translation

Single input event : The correlation module for a singleinput evert e2 , is
shown in gure 3. It hasthree states, fq;; &p; g, of which ¢ is initial, and one
transition, hfqug; e;f1g; fpg; )i, that takesthe given event asinput and moves
to the successstate without producing any output. The successstate is ¢ and
the failure state is gz. Notice that ¢ is not reachable, re ecting the fact that a
predicate expressioncannot complete in failure.

Compound Expressions: The description of the construction of correlation mod-
ulesfor compound expressionsassumeshe correlation modulesM 1;:::M , for
the subexpressionshave already been constructed. We describe the construc-
tion for the accumulation expressionin somedetail to illustrate the construction
method and mostly rely on the gures for the other constructs.

The correlation module M = hQ;1;T; ;s;fi for an accunulation expres-
sionaccumulate f 1; ,g with correlation modulesM ; and M , for 1 and »
respectively is shown in gure 4(a). It consistsof the following componerts:

{ The set of states is the union of the set of states for the subexpressions
extended with two new states (not appearing in Q1 or Qz) to be the new
successand failure states. The set of initial statesis setto re ect that both
subexpressionsshould be evaluated in parallel:

Q= Qi Q[ fop; 09 with 1 = 11 I2

{ The setof transitions is the union of the setsof transitions of the subexpres-
sions, extended with two new internal transitions that complete the evalua-
tion of the accunulation expression:

T =T T2 f1; 20
with

1= (ff 810,200, ; Q1[ Q2;fuy; )
2= (ff f1;f200 ; Q1 [ Qz2;faeg; )
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(c) sequerial

Fig. 4. Correlation modules for accumulation, selection and sequerial. The shaded
circles denote the successand failure nodes of the modules M ¢ 1.,4, and the unshaded
circles denote the successand failure nodes of the resulting module. Transitions with
conjunctiv e enabling condition are shown shaded and disjunctiv e transitions are un-
shaded.

Notice that the enabling condition of ; is conjunctive: both states must be
preser, while the enabling condition of ; is disjunctive: the transition is
enabledif one of the statesis presen.

{ The partial orders of the two subexpressionsare combined and the new
transitions are given lower priorit y

= [ 2l (Tal Tosf 15 25 39) [ f( 15 2)9

to re ect that internal transitions of the subexpressionsmust always be
taken beforethe internal transitions of this module, to make sure the subex-
pressionshave nished their \cleaning up". The pair ( 1; ») is added to
eliminate the potential nondeterminism if thesetransitions becomeenabled
simultaneously: it givespriority to success.

{ The nal statesare the two newly added statess= q; and f = .
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(a) unless (b) push

Fig. 5. Correlation modules for unlessand push.

The correlation module for the selection expressionselectf ;; g is illus-
trated in gure 4(b). As mentioned before, the selection expressionis the dual
of the accurrulation expression,which is re ected in the dualization of the tran-
sitions 1 and »:

1= (ff s1;5200; ; Q1[ Q2;faug; )
2= (ff f19;7f200 ; Q1[ Q2;fpg; ):

The correlation module for sequettial composition sequential f 1; g is
shown in gure 4(c). It addstwo new states, the successstate ¢, and the failure
state op, and four internal transitions

1= (ff s199 5 Quil2; )

2= (ff f109 ; Qu;fqg; )

3= (ff 200, ; Q2;faug; )

4= (ff 200 ; Q2 fag; )
where 1 links the successstate of the rst module to the initial states of the
secondmodule.

The correlation module for an unlessexpressiondof j;gunlessf ,gisshawvn

in gure 5(a). The two new transitions have transition relation

1= (ff 199 ; Q1 [ Q2;faug; )
2= (ff 155200 ; Q1[ Q2;faeg; )
where transition 1 is the succesdransition, while , leadsto failure. As men-

tioned in section 2, the unless expressioncan cause an expressionto fail, as
witnessedby », which leadsfrom s, (a successstate) to ¢ (a failure state).

Output Expressions: The correlation module for the push expressionpush (x) f g,
shown in gure 5(b), addstwo transitions

1= (ff 51909, ; Q1;fhg; X)
2= (ff 100 ; Q1;fxg; )
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Fig. 6. Correlation module for mode expression

the rst of which outputs constart x upon successfulcompletion of the module
for , while , simply propagatesthe failure.

Mode Expressions: The correlation module M for a mode expressionwith cor-

relation modulesM ; for ,i = 1;:::n, and M ¢ for p;, i = 1:::n consistsof
the following componerts:

{ The setof states, Q, is the union of the states of the guardsand the expres-
sions and two additional states for the new successand failure state. The
initial states are those of the rst expression, 1, combined with the initial
states of the guards of the other expressions.

{ The set of transitions includes the transitions of the expressionsand the
guards, and is extendedwith one mode entry transition ; for each mode i,
i = 1:::n with transition relation ; = (ff sgigg; ; Q;li [ Gi; ) whereG; is
the union of the set of initial states of the guards other than p;. Both the
successand failure state of this module are unreachable.

{ The partial ordersof all modulesare combined, and the transitions belonging
to the guard expressionsare given higher priorit y than those belonging to
the expressionsto re ect that the preemption of a mode by another mode
has higher priorit y than the consumption of the sameevent within a mode.

Example 4. Figure 7 shows an example of a small avionics scenarioinspired by
a real-life system. It consists of seven componerts which are triggered either
periodically by time-out, manually by the pilot, or by noti cation of a correla-
tion expression.The purposeof the systemis to control the data displayed on
the navigation display. The displayed data can be navigational steering data or
tactical steeringdata, as selectedby the pilot. Only componerts that contribute
to the selecteddata should be activated. Figures 8 and 9 show the result of
the bottom-up construction of the correlation module, and the pruned corre-
lation machine, respectively, for the navigation display componert. These were
generatedautomatically from the correlation expression.



componert trigger output

global positioning  |time-out aps
navigator time-out nav
pilot control manual tm,nm
airframe rep eatf notify fgpsgg af

mo desf
tactical steering inftmgdofrep eatf notify fafggg tacst

inf nmgdof falsegg
mo desf

inftmgdof falseg
infnmgdofrep eat f
notify fselect f nav,afggggg

navigational steering navst

mo desf
inftmgdofrep eatf
navigation display notify f accum ulate f af,tacstgggg
infnmgdofrep eat f
notify f accum ulate f af,navstgggag

Fig. 7. Scenario for controlling a navigation display

5 Related Work

Se\eral proposalsfor speci cation languagesfor evernt correlation appear in the
literature. In [4], a languagebasedon typed -calculusis used,where composite
everts are represened by curried functional expressionswith a formal semartics
de ned in terms of reduction rules.

Zhu and Sethi [22] propose a languagethat includes a negation operator.
Expressionsare ewvaluated relative to some xed or sliding time window; the
negation operator precludesthe occurrenceof its argumert during that window.

COBEA [13]is an evert-basedarchitecture that includesan evaluation engine
for composite everts speci ed in the Cambridge Composite Event Language[10,
9]. The sematrics is de ned in terms of push-dovn machines.

The use of composite temporal everts has received much attention in the
active database community. Gehani et al. [7] propose a language for specify-
ing composite events with semarics in terms of event history maps, which is
expressiely equivalert to regular expressionsand can be translated into NFA.
Coordination of subexpressionsis done through correlation variables to allow
parameterization. The method is implemented in COMPOSE [6]. In [16,17] Mo-
takis and Zaniolo proposea speci cation languagebasedon Datalog. Their pat-
tern languageallows parameterization, with parameterinstantiations propagated
through the expression.



navigation_display

ol
(=
| D
B <>

Fig. 8. Correlation module for the navigation display

6 Conclusion and future directions for research

We have preserted a declarative languageto expressevert correlation expressions
for publish-subscribe systems. The semartics of this language was de ned in

terms of correlation machines, an operational model that can be directly used
asan evert processingenginein an event channel.

Applications and Implementation : The languagepreserted herehasbeenapplied
in Boeing's Open Experimental Platform (OEP). It was found that the use of
event correlation expressionsreducedthe need for special-purpose componerts
by moving functionality to the event channel. A prototype evernt processorbased
on correlation machineshasbeenimplemerted in C++ andis beingintegrated in
the OEP. A separateevert processothasbeenimplemerted in Java and hasbeen
integrated with FACET [12], a real-time event channel developed at Washington
University at St Louis.

Analysis : Publish-subscribe systemsare usedin mission-critical avionic appli-
cations [19] and may potentially be usedin other safety-critical systems.The
availabilit y of analysistools for evert correlation expressionswill contribute to
the acceptanceof this technology as a reliable addition to simple event Itering.
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Fig. 9. Correlation machine for the navigation display

Since these machines are essetially nite state, we believe that many of the
analysis problems are tractable. Someof theseinclude:

{ cheding expressionsfor triviality , (i.e. whether the expression Iters in ev-
erything), or vacuity (where the expressionrejects everything),

{ cheding liveness that is, at any point it is possiblefor someevent-sequence
to lead the machine to acceptance,

{ cheding containment among correlators,

{ cheding correlation expressionsagainst event-lo ops for equivalence,

{ cheding event dependencies.

Optimization : The correlation machines that are generated by the construc-
tion method described are obviously rather ine cien t; they corntain unreac-
able states and redundart internal transitions. Other transformations may be
ervisaged for time/space trade-o's. Our current model favors a conciserepre-
sertation. However this comesat the price of increasedevent processingtime.
In time-critical applications, for example, one may want to eliminate the con-
currency and fully determinize the transducer.

Evaluation Strategies : A large system may have many subscriptions. Hence,
the middleware is facedwith the task of evaluating ead of these expressionsfor
ead incoming evert. This can causea sewere overheadand lead to performance
degradation. There are two complemeriary approadesto alleviate this problem.

The rst tactic is to compose correlation machines. Consider a number of
consumerswith dierent subscriptions. A naive implementation would run all
the correlators in parallel. A more e cien t versionshould try to reusethe work
of the ewaluation of di erent machines. In [1] a rst approadc to this problem
hasbeenconsidered.This problem resenblesthat of performing multiple parallel
seardesin a string [8].

The secondtactic is to decompose a machine into many machines and dis-
tribute thesealongthe network. Thus, if while routing an evert, a determination
canbe madethat it is not of interest, it can be discarded. This can save network
bandwidth and yield more processingtime. This has been called the quenching
problemin [11].
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