Asynchronous NotificationsAmong Distributed Objects

YeturuAahladh Bruce E. Martin Mod Marathé Chung Le

SunSoft, Inc.
2550 Gacia Avenue
Mountain ew, California 94043 USA

Abstract The principal advantages of basing distributed object
communication on synchronous requests are that it is

I ; ; _easy paradigm for application programming and that it
Distributed object systems typically support synchro-, an eficient and well-understood basic paradigm to

nous requests from one distributed object to anothel® S .

Often, a more decoupled style of communication amongnplement in distributed object systems.
distributed objects is appropriai#&e describe an object
service callecevent channethat decouples distributed
object communicationWe describe SunSadt' imple-
mentation of the event channel and illustrate its use in
stock trading application.

For many distributed applications, however more
decoupled style of communication is appropriate.
glstead of a requestor identifying the get; the
requestor need not be aware of thgedarinstead of a
single taget object, there may be multiple dgats.
Instead of waiting for a response or failure report, the
requestor need not block while thegits process the
request.

Keywords: distributed object-oriented systems, com-
munication, events, OMG, CORBA, COREZervices

Consider the distributed stock trading application illus-
trated infigurel. As stock prices change, stock objects

- . ) simply supply the new prices to the distributed system.
Distributed object systerfij[4] are emeging to sup- Interested objects consume the d#¢aat the interested

port applications that access objects across distribute bjects actually do with the data is really of no interest

possibly heterogeneous, system boundaries. Such SYS the stock obiects. O biect le. chart
tems defie a distributed object model that is mapped e stock objects. One object miy example, char

. ) . . ; a graph of changes in the stock prié@other object
appropriately to native concepts in a wide variety of Sysfnay maintain a portfolio of stocks and make invest-
tems.

ments based on changes in stock prices. If the network

L . . partitions, the stock object does not want to be burdened
Communication in distributed object systems typlcaIIyWith delivering the data to the interested objects.
consists of synchronougquestsA request is made by

a requestor to a singIe@t objectA requgst results in A more decoupled communication paradigm between
the synchronous execution of an operation by tgetar distributed objects allows applications to easily be

Ic;bje(;]t.The reques:)or waits fo; ? rﬁply from thegeir extended without modifying existing object® extend
or the request to be successful, the requeiietaget the functionality of the application, new objects can be

and the network must be availaple. If a request fail"fsldded that consume the data supplied by the stock
because the tget or network is unavailable, the objects.The stock objects need not be maatifi
requestor receives an exception.

1.0 Introduction

The topic of this paper is decoupling object communica-
1. Yeturu Aahlads current address is Platinufechnology ~ tion in distributed object systemssing the basic syn-
Inc. Trinzic Lab. 555 Dolphin Drive, Redwood Citgalifor- chronous request paradigm of distributed object
nia 94065 systemsWe first proceed with an overview of the prin-
2. Mod Marathes current address is StrataCom Inc. 1400 ciples of distributed object systenv§e then describe an
ParkmooAvenue, San Jose, California 95126 event channeln object that decouples the communica-
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Figure 1. Decoupled object communication in a stock trading application

tion between objects in a distributed object system2.2 Interfaces defie objects

motivating our design based on the principles of distrib-

uted object systems. Finallwe describe our experience In a distributed object system, objects are rafi by

implementing event channels and using them in distribtheir interfaces An interface specifis a set of opera-

uted applications. tions that defies the behavior of the objethe imple-
mentation of an object is separate and invisible; clients
cannot depend on implementation properties, such as

2.0 Distributed Object Systems programming language, transient or persistent represen-
tation of the objectThere can be multiple implementa-

Distributed object systems embody the following princi-tions of an interfaceAn interface does not imply any

ples: particular implementation(s), and a new implementation
may be added at any time. (32 [8] for more discus-

. sion of separating interfaces from implementations.)
2.1 All entities are modeled as

communicating objects
g on) 2.3 Federated systems

In a distributed object system all entities are modeled as. . ] ]
objects.Although the systems being bridged by a dis-Distributed object systems diederatedsystems. Exist-

tributed object system may include entities that are nof'd: disconnected heterogeneous systems are connected
objects, they are not available across system boundari

g@gd made to interoperate. Gateways maslereifices
unless they can be presented as objects. between systems by implementing mappings between

concepts in each system, including interfaces, object

Objects are accessed by clients using object referencd80dels, object references and name spaces.

Object references can be passed from one object to. . ] ]
anotherAn object holding an object reference for a tar Distributed object systems have the potential of con-
get object can make a request for its servites. dis- N€cting lage numbers of objects across system and
tributed object system provides location transparency t§dministrative boundarieShere should be no limit to
clients.The request may be local or it may cross heterothis; that is, the system should scale.

geneous system and administrative boundaries. It is the ] - o
distributed object systesijob to mask the ddrences Federation and scalability lead to truly distributed sys-
from the client object. tem objects. Services that depend on a single, centrally

administered repository of information are not accept-
able. In particularthere is no authorifyeven a distrib-
uted one, that has information about all objects or even
part of the information about all objects of one type.
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Figure2Aneventchannelisanobjectservicethatdecouplescommunicationamongdistributedobjects.

Instead, federated services are connected to otheemote, who implements the object, or how it is imple-
instances of the same service to widen their scope ohented.

discourse.

The CORBAalso defiiles an interface repositoryhe
interface repository contains descriptions of IDter

faces and data types. Such descriptions can be accessed
) at run time to implement type-safe interobject commu-
Heterogeneous systems consist of components that tyRii-ation. Federating CORBAcompliant systems

cally come from a variety of suppliers. In order for the ey ires correlating the interfaces infefient interface
components to interoperate, the interfaces between ﬂ?@positories.

components need to be standard. Implementations of the

components, howeveneed not be standard. feifent

suppliers can each provide implementations of a servic€ ORBA Services
supporting a standard interface.

2.4 Distributed object systems a open

The CORBA Services Specifations (COSS)|[6]
defines a set of services for distributed object systems.
The services are speeifi in OMG IDLand are intended

) ) . to operate in CORBAnvironments. CurrenthCOSS
The Object Management Group (OMG) is promotinggefines a name service for mapping human readable

standards for distributed object systems among systeffbnes to object references, a persistence service for per
software vendorsThe OMG has currently defed tWo  gjgiently representing object state, an object life cycle
sets of standards, known as CORB#d COSS. genjice for creating, copying, moving and removing

CORBA s t_he core c_ommumcaﬂon mechgmsm Wh'Chobjects, a relationship serv[g to support graphs of

all OMG objects use: it enables objects to issue requesffsyinyted objects, transaction and concurrency control

of each otherCOSS provides standard services that SUpgeryjces to implement atomic access to objects, an exter

port the integration of distributed objects. nalization service to externalize and internalize objects
and an event service to decouple object communication.

CORBA The COSS event service is based on the event service
described in this paper

The Object Management Goup

The Common Object Request Brokdérchitecture

(CORBA) [5] defnes an interface deftion language

(IDL) for distributed objects.The language allows 3:0 Event channels

designers to specify interfaces as a set of operations and

attributes. The language supports subtyping of inter An event channel is an object that decouples object

facesA function can be passed an object that supports @mmunicationFigure2 illustrates the stock object and

subtype of the interface expected by the function. the chart object communicating using an event channel.
The stock is theupplierof the event and the chart is the

The CORBAdefnes object references. Object refer consumef the eventAn event channel ibotha con-

ences are typed by interfaces spedifin IDL. Object sumer and a supplier of events.figure2, the event

references unify access to objedtke client using the channel consumes the events supplied by the stock

object cannot tell if the object being accessed is local opbject and then supplies those events which are con-
sumed by the chart object.



i nterface PushConsuner { object carindependentlgonsume events from the event

voi d push(in any data): channel in either push or pull styles.

rai ses(D sconnect ed) ; o )
The two styles of event communication are veexifl

voi d di sconnect _push_consuner () ; ble. Push-style event communication is driven by the
. supplier of events, whereas pull-style event communica-
b tion is driven by the consumer of evemspush-style
Figure 3. The PushConsumerinterface. consumer of an event channel does not have to actively
solicit eventsA pull-style consumeion the other hand,
has control over when an event is delivered tdit.
push-style supplier to an event channel does not have to
buffer events; it simply pushes events to the event chan-

. ) ) ) nel as they happe#d pull-style supplieron the other
Event communication is achieved via standard mterobhand can control the Hefing policy

ject requestsThe event has data associated with it.
There are two styles of event communication,ghsh

3.1 Communicating events

style and thepull style. interface Pull Supplier {
any pull ()
!n the push_style_, consumers support.FPI_m.shConsumer rai ses(Di sconnect ed);
interface, given irfigure3. Suppliers initiate the com-
munication by invoking th@ushoperation on the con- any try_pul | (out bool ean has_event)
sumer The disconnect_push_consumeimoperation rai ses(D sconnect ed) ;

terminates the event communication. voi d di sconnect_pul | _supplier():
In figure2, if the event channel is consuming events in} ;

the push style, it supports tlReishConsumeinterface;

the stock invokes theush operation on the channel. Figure 4. The PullSupplier interface.
Similarly, if the chart object is consuming events in the

push style, it supports tHeushConsumeinterface; the

channel invokes theushoperation on the chart. Multi-way , anonymous communication

In the pull style, suppliers support thHeullSupplier An event channel can supply multiple consumass.
interface given iffigure4. Consumers initiate the com- illustrated infigure5, the event channel supplies events
munication by invoking @ull operation on the supplier to both the chart and the portfolio objecthe event
Suppliers support two kinds of pull operations forchannel independently communicates with the chart
returning eventsThe pull operation blocks until an object and with the portfolio object in either push or pull
event is availableThetry pull operation returns imme- styles.
diately, returning an event if one is availabl€he
disconnect_pull_suppliesperation terminates the event The event channel makes the communicatoony-
communication. mous The stock object is unaware of the consumers.
Structuring a distributed application around anonymous
In figure2, if the stock object is supplying events in the event communication makes it easily extensifliee
pull style, it supports théullSupplier interface; the portfolio functionality was added to the application in
event channel invokes tipeill operation on it. Similarly  figure5 without modifying the stock objecthe stock
if the event channel is supplying events in the pull styleobject continues to supply events, unaware of the con-
it supports thePullSupplierinterface; the chart object sumers.
invokes thepull operation on it.
An event channel can also consume events from multi-
In figure2, the stock object can supply events to theple suppliersAs illustrated infigure6, multiple stocks
event channel in either push or pull styles and the chacan independently supply events to the same event
channel; all consumers receive events from all suppliers.

1. The data is of the CORBIDL data typeany. See When there are multiple suppliers, the suppliers of an
section3.5for more discussion of data types. event are anonymous. If the consumers need to distin-
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Figure 5. An event channel with multiple consumers.

portfolio

guish the multiple suppliers, it can be done in eventn practice, we have found scoping events by supplier to
data. be an dective technique for ganizing event commu-
nication.
3.2 Scoping events Figure? illustrates scoping events by supplier in the
stock application. Each stock object supplies events to
So how many “e\./en_t channels are ther(?,? ‘Should thes own event channel; stock objects do not share event
cloud labelled “distributed object system” figurel  .hanne|sA chart object consumes events from a single
just be replaced with a single event channel? Clearl,ant channel since it charts a single stdtle portfo-

not; a single event channel for all events in the distriby; object, on the other hand, consumes events from
uted object system becomes a bottleneck, does not scajgtiple event channels, since it makes trading deci-
and does not federate. Furthermore, all consumer§,ns pased on multiple stocks.

would receive all of the events, most of which are not of

interest.
3.3 Filtering events

An event channel providessaopefor eventsThere is

no need for unrelated application domains to share aBven within the scope of a single event channel, not all

event channel. By defition, the consumers of one consumers want to consume all events. In the stock

event channel will not receive the events supplied byxample, the chart object wants to consume all changes

another in a stocks price, but suppose the portfolio object wants
to consume stock price changes only when the price of a
stock reaches a certain pridenis can achieved with a
special event channel callediléer. A filter is a special-

event

channel
@ portfolio

Figure 6. An event channel with multiple suppliers and multiple consumers.
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Figure 7. Scoping events by supplier

ized event channel that consumes events from anoth&.4 Chaining event channels

event channel but only supplies events that satisfy some

condition. Events that do not satisfy the condition alrgor a particu|ar event, there m|ght be numerous con-

simply discarded by theltér. sumers residing at a remote location. In this case, chain-
ing of two or more event channels can be used to

In Figure8, only stock prices that are above (or below) agptimize the delivery of events. For example, in

certain price are forwarded to the portfolio object; thoseigure9, there are several consumers of a stock event

that are not are discarded by theefi who are all in Hong Kong. Instead of delivering the
same stock event from Paris to each of these consumers

Filters are usually lightweight event channels that juskcross the continents, an event is sent once to the event

evaluate the event data.typical implementation of & channel in Hong Kong which then forwards the event to

push-style fter only supports a single consumer andthe local consumers.

makes no attempt to store and retry supplying the event

if it has dificulties communicating with its consumer Event channels support an administrative interface that

The fiter itself Slmply fails.The event channel that SUp- allows them to be chaine@he interface supports opera-

pIieS events to thelfier detects the failure and attempts tions to obtain consumer and Supp“er “proxy” objects_

to supply the event to thetér later Two event channels can be chained in either push or pull
styles.

Filters are best comfured to be near the event channels Y

they are ftering. This reduces communication costs |n figure9 chaining the event channelif® Paris as a

when the fter consumes but then discards an event.  pyll-style supplier and the event channel H in Hong
Kong as a pull-style consumer is achieved in three steps:

event : 4 _
channel 2 portfolio

Figure 8. An event channel that fiters events forits consumer
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Figure 9. Chaining event channels to minimize communication costs

* request a pull supplier proxgl, from event 3.5 Typing events

channel PThe pull supplier proxy is a pull-style

supplier which also supports an operation to con-The data associated with an event is of some program-

nect to a pull consumer mer defiied data typelhe PushConsumeandPullSup-
plier interfaces given ifigure3 andfigure4 support the
passing of the CORBMOL any data typeTheany data
type specits dynamically typed, self describing data.
Any IDL data type can be passed. Event channels usu-
* connect the proxies pl and p2 by calling their  ally do not interpret the event data; they just pass it on to

e request a pull consumer pro»2, from H. p2 is
a pull-style consumer which also supports an
operation to connect to a pull supplier

connect operations. consumersA consumer usually interprets the event data
passed to it.
Alternatively, Pand H can be chained in push style by
requesting and connecting push-style proxies. In order to federate multiple distributed object systems,

their type spaces must be federated. In CORBA-based
systems, this is accomplished by federating interface
repositoriesAn interface repository from one system is

meiged with the interface repository of another system.

event
channel

interface interface
repository repository

FigureF@deratingnterfaceepositoriessnablescommunicatiorbetweersuppliersancconsumerass
administrative boundaries.



Types can be correlated across multiple interface repost.1 Ourimplementation
tories using globally defed repository identiis.

At SunSoft we have implemented the event channel as
Rather than defie its own type space, the event channepart of SunSofs NEO produd®]. NEO includes a
leverages the type system of the distributed object sy$SORBA-based, shared, persistent, multi-threfitled
tem. It leverages the distributed object type system byistributed object environment with location transpar
using standard interobject requests for communicatingncy and automatic activation and deactivation of
with its suppliers and its consumehs. such, event sup- objects. Our event channel implements the acquisition,
pliers can communicate with event consumers, via ongelivery discard and persistence policies in that envi-

or more channels, in a strongly typed fashion, eveRonment as follows:

across federated system boundaries.

acquisition policy

4.0 Implementing Event Channels

The IDL interfaces of the event channel defibasic
operations which provide support for asynchronous
event communicationThese interfaces are generic in
the sense that they allow for a wide range of implemen-
tations in a wide range of computing environments. For
example, one implementation of an event channel might
choose to provide reliable delivery of events while
another might provide less reliable, but faster delivery
of events. One implementation might be optimized for
execution in a local program, while another implemen-
tation might be designed for operation in a distributed
environment of shared persistent objects.

A particular event channel implementation de$i cer
tain policies:
acquisition policy

This policy defiies when an event channel obtains
an event from its suppliers.

delivery policy

This policy defies which events are delivered to
which consumers and whemhis policy is espe-
cially of interest in a distributed environment in
which consumers may be unavailable due to partial
failures of the system.

discard policy

This policy defines when an event is discarded by
an event channel.

persistence policy

This policy defines what part of an event chansel’
state is persistent and when an event channel saves
changes to its persistent state.

An event channel accepts all events pushed at it.
This eliminates the need for push-style suppliers to
buffer their events by letting them leverage the
event channel's bigh. Even if several events hap-
pen in the time it takes to push one event to the
event channel, a multi-threaded supplier can con-
currently push out all events as they occur

An event channel pulls events from a pull-style
supplier only in response to demand from consum-
ers.The event channel dedicates a thread to each
pull-style supplier The thread invokes theull
operation on the pull-style suppliéthe channel
stays at most one event ahead of demand with
respect to each pull-style supplier

Since the event channel operates in a distributed
environment, a pull-style supplier of an event may
not be available. In such a case, the event channel
retries with exponential backfoflf the event
channel determines that the pull-style supplier no
longer exists or has permanently failed, it discon-
nects the supplier from the channel.

Slow pull-style suppliers do notfatt the service

to other suppliers because the event channel iso-
lates suppliers from each other by serving each
supplier with a separate threakthread blocked

in a pull request on a supplier does not impede

event acquisition from other suppliers.

delivery policy

A consumer subscribes to events by connecting to
and disconnecting from an event chanwéhen an
event channel receives an event, it supplies it to all
consumers that are currently connected to it. For
pull-style consumers, the event is available via a
pull operation. For push-style consumers, the event
channel invokes th@ush operation on the con-
sumer and passes the event data asgamant.



discard policy

persistence policy

Since the event channel operates in a distributed
environment, a push-style consumer may not be
available. In such a case, the event channel retries
with exponential back-éf If the event channel
determines that the push-style consumer no longer
exists or has permanently failed, it disconnects the
consumer from the channel.

Slow push-style consumers do noteaf the ser

vice to other consumers because the event channel
isolates consumers from each other by serving
each consumer with a separate threadhread
blocked in apushrequest on a consumer does not
impede event delivery to other consumers.

All consumers of an event channel receive events
in the same orderFurthermore, the consumers
receive the events from a single supplier in the
order in which they were supplied to the channel.

Events are delivered to consumers at most once.
An event may not be delivered to a consumer due
to the channed persistence and discard policies.

In contrast, it is possible to justify a wider range of
policy towards event data. Communication speed
and reliability requirements of applications vary
widely. Therefore, in our implementation, the cre-
ator of an event channel can choose at creation
time whether the events are transient or persistent.

By defnition, transient events are not saved to the
event channed persistent statés such, transient
events will be lost when an event channel deacti-
vates. If persistent events are chosen, the creator
may choose from among a range of save policies,
determining the appropriate tradd-dfetween
communication speed and reliabilitfhe most
conservative policy saves the event data to the
event channed’ persistent state whenever a new
event is supplied to the channglternatively, the
time interval between saves and/or the number of
events delivered between saves can be spédifi

the creator of the event channel.

4.2 Performance of ourimplementation

The two primary performance metrics for the event

channel are throughput and laten@he factors that

An event channel has affie bufer whose size is
determined when it is createdhen the buer
overflows, the oldest event in the Berf is dis-

impact these metrics are:

1. persistence of events

carded to make room for the newest. 2. the size of data carried in the event

Another seemingly reasonable approach is to dis:-3

. the number of consumers and suppliers

card the newest event when there is an awerfl 4. the location of the supplier(s), the event channel and

However this policy suflers a serious problem.

the consumer(s)

Consider an event channel with several consumers,. push versus. pull style

one of whom is very slowVhen the buer fills

with events not yet delivered to this consumer For the sake of brevityve do not consider thefetts of
subsequent events will be discarded, causing fush versus pull style, nor multiple suppliers.

degradation of service to all other consum@fish
our chosen policyonly the slow consumer will

lose events. It is a good design principle to ensuré-2.1 Measuement Methodology

where possible that service to well-behaved clients
will not degrade because of ill-behaved clients.

We measure throughput by pushing events as fast as we

can into an event channel which has afdsubf 100

Most objects in CORBA-based environments are
persistent; the object request broker transparentl
activates objects upon client demand and deacti-
vates objects to free up computational resources.
As such, an event channel persistently remembers
the object references of its suppliers and of its con-
sumers.Thus a suppliera consumeror the event
channel itself, can deactivate and the connection
between suppliers and consumers remains valid.

events, without the event channel losing eveffssthen
report the number of events delivered to the event chan-
nel per unit time in the steady state as the throughput.
The latency is measured by recording the machine’
high resolution time, pushing an evkntecording the

1.The time required to place the event data
into an “Any” datatype is not included in the
measured latenciHowever the time for mar
shalling and unmarshalling this data is
included.



TABLE 1. Push events thoughput

Transient events Persistent events
events/sec events/sec
Metric 128 byte 4 byte 128 byte 4 byte
samemachinepushthroughput. Suppliercon- | 66 71 58 65

sumer and event channel are separate processes on
the same machine.

sameL ANpushthroughput.Supplierconsumer| 100 144 90 125
and event channel are on separate machines on the

same LAN.

samd. ANmulticastpushthroughput.Supplies | 29 51 21 46

consumers and event channel are on separate
machines on the same LAN.

high resolution time when the event is received by thé®ne interesting observation is that the throughput is
consumer and then repeating this entire measuremehigher when using a LAN than when all three partici-
after a short delayrhe difference in the two times is the pants (supplierevent channel and the consumer) are on
latency This procedure has the obvious problem that thehe same machin&his is not hard to explain - on a sin-
clocks on diferent machines are not synchronizedgle machine, the three participants contend for the single
enough to allow accurate measurements at the milliseprocessor and memory whereas when using a LAN,
ond level.We employ two methods to work around this there are 3 diérent machines providing three times the
problem. First, we have a test in which the supplier andomputing resources.

consumer processes are located on one machine and the

event channel is on another machine. Since the times afaother interesting comparison is between having a sin-
recorded in the supplier and consupaerd since both of gle consumer versus having 5 consumers. In a simple-
these are running on the same machine and thus usingnded event channel implementation, multicast
the same low-level timetthe latency measurement is throughput would be expected to be offirfior 5 con-
accurateWhen the supplier and consumer are on sepasumers. Howeversince our event channel is imple-
rate machines, we use an application level echo protocahented using a separate thread for each consuweer

to calibrate the time skew between the supplier and eaafet the advantage of concurrent operation even on a sin-
consumer to adjust the measured latency value. gle processor running the event channel.

All the measurements were conducted using Sparc 1®@ince the persistent events require more processing in
51 single processor workstations running Solaris 2.4the event channel and also require peribsiaves of the
When multiple workstations were used, they were interpersistent database, their throughput is lower than that
connected with a lightly loaded 10 Mbit/sec Ethernet.of transient event#lso, the size of the event data also
The measurements used a sample size of 500 events. affects the throughput substantially

4.2.2 Event Channellhroughput 4.2.3 Event Channel Latency

Tablel shows the throughput for push eveiitse mul-  Table2 shows the latency measurements for the same
ticast measurements use 5 push consumers on separttetors as irtablel. The latency does not vary much
machinesWithin each category of transient or persis-between the same-machine and same-LAN cdges.

tent events, we show measurements for events contaiis because for the latency measurements, we issue
ing 128 bytes of data and 4 bytes of data.

1. Persistent events were cgufied to save event data every
100 events or 60 seconds whichever is earlier



TABLE 2. Push events latency

Transient events | Persistent events| Interobjecequests
millisec millisec millisec
Metric 128 byte 4 byte | 128 byte 4 byte | 128 byte 4 byte

samemachinepushlatency. Sup- | 11 9 13 9 6.2 6.1
plier, consumer and event channel
are separate processes on the sarre
machine.

samel ANpush-pushlatency.Sup- | 11.4 10 12.1 10 6.0 5.7
plier and consumer are on separate
machines and the event channel is pn
a separate machine on the same
LAN.

same LAN multicast push-push | 17 16 194 16 31 28
latency. Supplier and 5 consumers
are on separate machines and the
event channel is on a separate
machine on the same LAN.

events one at a time so the three participants are nased to exemplify the event channBfpically, we run

active simultaneoushAgain, persistent events require this application with a few hundred stocks, a few hun-

slightly more time as do events containing more datared portfolios and dozens of concurrent presentations.

bytes.The benefs of a multi-threaded event channel areBecause of the scoping and scalability properties of the

obvious since the latency for delivering an event to Sevent service and the distributed object system, the

consumers is only slightly lger than the latency for a application has operated on tens of thousands of stock

single consumer objects simply by providing more computational and
storage resources to the objects.

It is interesting to compare the latency through the event

channel with the time required to make direct interob-

ject requests. (The latter time is shown in the column§.0 Conclusions

labeled “Interobject requests itable2.) The event

channel implementation takes about twice the timepe have described how interobject communication in a
needed to make a direct interobject request which igjstributed object system is decoupled usingesent
quite reasonable since it does take two interobjecthannel Communication with an event channel is
requests (supplier to event channel and event channel #hieved via standard interobject requests.

consumer) to deliver the evefithen sending an event

to 5 consumers, the event channel has a lower latencyhe event channel implements the decoupling. In par
compared to the supplier making 5 interobject requestgcular, it implements:

one after another to the 5 consume@rss clearly shows o

the performance gains obtained due to the multithreaded 2Synchronous communication

implementation of the event chanBeperience using

An event channel does not block a supplier while
event channels

delivering an event to a consumkstead, it buff

ers the data, returns control to the supplier and
asynchronously delivers the event to the consum-
ers.

To date, several distributed applications have been built
at SunSoft that use the event channel we have described
here, including the stock trading application we have



failure handling

(3]

Because event communication is asynchronous,
the event channel handles communication failures
by retrying to deliver (or acquire) the event at a
later point in timeThis relieves the supplier from [4]
having to include complicated error handling
logic.

many-to-many communication
5]
Many suppliers of events can share the same event
channel. Similarlymany consumers of events can

share the same event channel. (6]

anonymous communication

A supplier does not direct request to a particular
consumerbut rather it supplies events to an event[7]
channelAnonymous communication makes a dis-
tributed application more extensiblédditional
consumer objects that extend the functionality of
the application can be added without disturbing the[8]
supplier objects.

We have also described how event channels provide a
scope for events in a distributed objects system, how
event channels can be chained to optimize communica-
tion costs, how events can blefied and how strongly

typed events are supported.

9]

We have described SunSsftimplementation of the
event channel, its performance and our use of it in a sim-
ple stock trading application.
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