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Abstract Much of the content of popular Internet
information sources is highly dynamic: urgent in naure and
sometimes relevant only for a short time. The typial approach
to querying such dynamic sources is polling for upates often’
This strains the traditional pull-based Internet ard wastes
network resources on transmitting redundant information. This
paper focuses on how to structure the Internet toamid much of
the unnecessary client-server interactions. To thatend, we
extend the API of popular existing Internet service through
push-based Web service wrappers. These wrappers ue API
of, for instance, Google, but provide functionalitythat is richer.
Initial experience shows that major performance gais can be
achieved through this approach.

Keywords Web services, push, pull, Internet architecture.

[. Introduction

The existing Internet has serious scaling limitadio The
main reason for this is related to the widely dgptbclient-
server model where users pull data down from remate
servers. Typically, a user issues a request to seamote
web server through a browser. Next, he waits fogsponse,
before he can parse and validate the received this.is a
simple, but adequate model for pulling down a faatic
HTML pages. Nevertheless, Internet data is now nmaohe
dynamic, and it might have relevance for just arskime
window upon publication. A user can not know in aee

We conjecture that a push-based interaction schisme
more appropriate in this situation. That is, ifale validated
close to its source, less data has to be moved theewire
due to less pulling. It is only when data chandbat it is
potentially transmitted. Thus, less data needstevaluated
by the end user.

In the WAIF [9] project, we build extensible mediator
structures [16] between existing Internet servied clients.
The idea is to extend existing services with pusbed
intermediaries. We provide new APIs to existingvemss, in
this case push-based interfaces validating datsecto its
source. This way, we transform existing Internevises into
publishers through an expressive interface. Sityilave turn
traditional browsing clients, into asynchronoussautbers.

The rest of the paper is organized as follows eltisn 2,
we discuss our architectural goals for push-baseeb W
service wrappers. Next, in section 3, we presentwsapper
implementation, the WAIF Proxy. Section 4 is a cately
of two proxy deployments. Experiments with theseo tw
deployments are described in section 5. Before anelade,
section 6 discusses the overall concept and settimesents
related work.

[l. Architectural Goals for Push-based Web
Service Wrappers

The component model presented by Web

when an important remote data item is changing. ORgchnologies offers an RPC API across widely abila

obvious example is, for instance, a stock valué ¢Reeeds a
certain threshold.

To alleviate this problem, a more frequent pullsaheme
can be applied. However, RSS feeds demonstrate thisw
poses a scaling problem due to more traffic. R$fersufrom
the inability to express individual user intereststen
referred to as subscriptions, close to the datacesu For
every pull, the entire feed is sent even if there @one or
few changes since the previous pull. Hence, a hogsunt of
RSS data is unnecessarily transmitted over the[drgl3].

Added pulling also comes with a high cost for the eser
because he has to validate the additional incotéattg. He is
in the client-server loop, while our goal is togaehim above
the loop.

1 We definepulling as an unconditional get operation. Similar, wergef
polling as a check for updated content, without actuatying the data.

protocols, such as HTTP. However, this might not be
appropriate for all structuring needs. Hence, wejaxiure

that a more push-based Web service interface shbeld
complementing the traditional pull-based Web servimdel.

This will potentially reduce the amount of unneeegs
pulling. Our conjecture is that we can build sysethat

minimize pulling by wrapping Internet services wéhpush-

based event naotification component.

2 wide Area Information Filtering, is a joint projewith Cornell
University and UC San Diego. http://waif.cs.uit.no.
This work is sponsored by the Norwegian Researam@ibIKT-
2010 Programme and Programme No. 162349.
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Figure 2. A push-based architecture where the wrapper

does all the pulling.

The fundamental problem is that remote data changes

Unless such updates are produced in regular orkmellvn
intervals, it is impossible to guarantee that d peduest is
made once and only once for every data update. iEhis
illustrated in Figurel, where a client must repts pull
request arbitrarily often.

Frequent pulling turns into a scaling problem winesny
concurrent users try to capture all updates whewg ttcur.
Consequently, popular Internet services such ash6&td,
punish users performing excessive polling by teraplyr
blocking the originating IP. Data filters sharedrbgny users
and placed close to remote sources can reducertbena of
unnecessary pulling drastically. Although
evaluation with shared data filters can be compmratly
intensive, its use can be justified if a signific@amount of
the data to be sent over the wire is blocked.

Our approach is through
interposed on the traditional client-server comroation
path. This is a design that Web services fit wed. specify

complex parameters as part of a Web service regaest
than conhten

efficient, and potentially more precise
adaptation in mediators. Semantic enhancements &b
services [14] can help wrappers use ontologicalsamantic
information to provide better service to their @semhe
ability to correlate events enables a Web servicgper to
further enhance precision. By correlation, we mean
combine data from a series of events into onet be track
remote data changing over time, or to collect aochkine
event data from different sources. Performing dati@n on
the mediator level and not on the client side malese in
combination with upstream evaluation, because tere
the need for event dissemination. However, perfogngivent
correlation across different remote services reguithe
ability to push events to a service other thanahe issuing
the subscription.

upstream

Internet service wrappers
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The push-based architecture in Figure 2 illustraias
approach. First, an initiasubscribe  request is issued.
This contains a query and a (client) owner addrElss.query
is equivalent to a pull request, but can contaishpspecific
preferences such as pull-frequency or delivery paciic
times or rates. Next, the wrapper is activated ciwlgushes
updates whenever they happen or exactly when tee us
wants them delivered. If a wrapper has many sutescs]
publish-subscribe substrates can be used between th
wrapper and its clients for efficient event deliver

We can now present the design goals we strive ror i
engineering push-based Web service wrappers. Téls gee
not limited to any current technology, like .Reti2EE,
WebLogi® or Python for Web servicés

Evaluate Persistent Requests Close to Data
To potentially reduce the amount of unnecessary sait
over the network, a wrapper should store and etalua
requests close to the data source. This is upstireamthe
client on the traditional client-server path.

Improve Service Expressiveness

Wrapper parameters should equal or supersede the
parameters of the underlying Web service. A wrapper
should not give its users less expressiveness than
underlying service. Adding a push-interface enabdes
wrapped service to offer new functionality, liken&d
delivery or personalized filtering.

Enable Event Correlation
To further increase clients ability to preciselyfide their
interests, a Web service wrapper should enablelation
between events. This enables new events to betaddy
previous events, where the produced event contams,
based on, data or state aggregated over time diffeyent
sources.

Upstream evaluation also potentially gives better
precision. Publishers can now perform individuahparison

of an event to subscriptions and possibly redueentimber

of messages sent. The alternative is a push-basapper
hat pushes every data update to its subscribehouwt
evaluating whether the data should actually be sent

lll. The WAIF Proxy

Guided by the goals stated in section Il, we hagsighed
and implemented a prototype Internet service wrgpihe
WAIF Proxy. Designed to run close to popular In&rn
services, it can be easily customized to wrap anlygased
resource. This includes Web services, but alsolaegeeb

Figure 3. Overall view of a WAIF Proxy pulling an
external data source.

Data consumers can now be given a rich, expressive

interface for data filtering.

3 http://slashdot.org

4 http:/Avww.microsoft.com/net/

5 http://java.sun.com/j2ee

5 http://mww.bea.com/content/products/weblogic/
7 http://pywebsvcs.sourceforge.net/
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pages, databases, and file systems. It is callgoroay
because it acts as a mediator between push- ahtbgsad
software protocols, and because it performs contipagon
behalf of individuals or groups of users. Our desig built
on a general structure for extensible servers vexipusly
presented in [1].

The basic functionality of a WAIF Proxy is to wrapme
pull-based resource, and offer subscriptions ta datnges
generated by regular pulling. Deploying the prorguires
adding application specific logic to load data fromm
external resource, to parse incoming events, andise®
loaded or incoming data to create new events.
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Adding a push-based interface to a pull-based resois
motivated by the assumption that both users andures
suppliers gain from it. On the publisher side, épdnds on
the cost of handling millions of users pulling wesghe cost
of matching events with millions of subscriptioraushing
does indeed pose a significant cost, and this 98 athy
hierarchical publish-subscribe networks [4, 15, VBgre
designed with focus on the matching and delivergwdnts
in wide-area environments. In this setting, a WRI©xy can
be used as a top-end publisher in hierarchical onisy
Filtering networks can also be created using WAIBXxE
instances without adding custom logic and theretly onsing
their subscription and filtering functionality. t&ts must

Hence, it meets our first design goal by storingl anhowever be placed directly at every proxy, and thayst

evaluating persistent requests close to the dataceo
Personalized event subscriptions can contain ppsbific
parameters on, for instance, delivery addressingng and
event rate. Our wrapper will
expressiveness of the underlying data source,fgatsour
second design goal.

Our implementation is a Pythbpackage. We chose Python

as our development platform because it allows emsy
flexible prototyping, with rich support for Interhe
applications. Our package contains a set of basiduhas
optimized for a range of situations. This enablemitoring
of items in RSS streams, objects on web servicdseamn
low-level file system events. Not only does thexyrsupply
a push-based resource interface, it allows userbuitd
personalized network services by combining proxieform
custom applications. Examples include personalaiedms
for people who want bus routes for work only indceleather
or when traffic is congested. The WAIF Proxy hasdieo
types of events: internal events triggered by datiates on a
monitored source and external events received fotiner
WAIF proxies. Event handling may change the stdte o
proxy, or it can trigger new events. Connecting \WAI
proxies to form a personal network service implies

event correlation, our third design goal for pusisdd Web
service wrappers.

Figure 4. The input handling component.

8 http://www.python.org

include target addresses since we do not applaiuieical
filter forwarding.

thereby supersede the

A. Generic Structure

The WAIF Proxy is completely event-driven and hasdl
all events asynchronously. Implemented as an clojéented
structure, it makes extending and adding customnteve
handlers easy. The WAIF Proxy is divided into twoetids
communicating through a shared, synchronized Python
Queue object. The division enables asynchronousiteve
handling, since one thread can receive, verify guelie new
events while the other is handling them. The Pyttioead
model does not offer true parallelism, so perforoeamill
not improve if we add more threads. The separatiih
however, decouple incoming event deliveries frortgoing
deliveries. Figure 3 shows the proxy with its two
subcomponents and an external, pull-based dataesaBioth
components are customizable and extendible tonfitpaull-
based data source. New customized proxies can bpibth
our Python module to cooperate with other WAIF Rrex
However the communication protocol is built on SQAB
implementations in other languages are possible.

The input component in Figure 4 handles incomingné
and subscriptions, both delivered via the same SOAP
interface, but via separate SOAP-RPC calls. Evenugh
subscription updates could be treated as specsal-eaents,
we chose to separate them to streamline common-case
performance. Using synchronous RPC to accept inogpmi
events and subscription updates gives WAIF proxes

ISSN 1738-6535 © Web Services Research Foundation, Seoul, Korea
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chance to communicate status and error messagest Exhe data cache and other state information is ewritto
validation and pre-processing, and subscriptionatgsl are persistent storage. Timer intervals are adjustabléit the
handled synchronously. This means incoming RPG calh application and the desired event rate. If the eabhs
be returned quickly. Valid events are then put orindernal changed, the update can trigger events to usemser$ican
event queue for asynchronous event handling. larEig this also be used to, for instance, batch events iy daiiveries.

gueue is shown as the bottom arrow. New or updated

subscriptions can also produce events, for insténaenew
user can instantly be delivered events from thepidata
cache. Such events are also put onto the inteveak gueue.

The event processing component, shown in Figutes,
an internal event scheduler. The thread waits rioprining
events on the shared event queue, and the scheldldgates
control to a suitable handler for the event. Hargllare
registered under aliases in a hash-table on iiigbn, and
events should contain a reference to one of théasea.
Otherwise, they will be fed to the built-in defablindler. If
the default alias is not taken by other handlerth& hash-
table, the built-in default handler will log an @rrmessage
and return. The output of an event handler is eitlo¢hing, a
new internal event, or a new event to be pusheal nremote
WAIF Proxy.

Figure 5. The event processing component and its
data source.

To produce events based on pulling some web resparc
programmer can implement a custom data loader iamct
that adds customized objects to the internal dathe If a
function calledloader
from the WAIF Proxy class, it is automatically disered.
Data returned from a loader is checked for validéynd
marked with a timestamp. Cache loading is schedliked
regular events using built-in timers that sleefntervals and
only wake up to queue new loading events. Likewiss-in
handlers are invoked by timers to make sure théeoorof

is present in a class descending

B. Extensibility and Configuration

To support the full range of pull-based web resesydhe
features of our generalized proxy service are ¢asydapt
and customize. Since the WAIF Proxy contains orthatwe
regard as minimal functionality, we allow extenkiliin
both the input component and the event processing
component. However, extensions are not allowednduri
runtime. Making runtime extensions safe without itling
functionality and performance is a difficult task.

The WAIF Proxy is distributed in Python source coaled
is designed to be easy to extend and customize for
programmers with knowledge of object oriented ameng
driven programming methodologies. A customized \weap
should extract key data from the wrapped servicdifm-
grained pulling.

Our generalized proxy framework is open for any
arbitrarily rich query and configuration languagkhis is
possible because the proxy framework only defines t
parameters it actually needs, and all others aceptied and
passed on to the internal event handlers. Asseeiatirays,
such as Python dictionaries, suit this purpose .wAll
subscription is initiated with a SOAP call to thebscribe
function with the mandatory parameters shown inldab

Parameter Description

waiflD User ID of subscription owner.
taddr Target URI for event notifications.
params Optional parameters. See Table 2.

Table 1.Mandatory Subscription Parameters.

The taddr URI should point to another WAIF Proxy.
Subscriptions issued with an empggddr parameter will
not fail, only yield a warning. A target address rist
necessary for proxies set up to deliver data viaW or
alternative protocols, like email or SMS. In thatse, an
alternative address must be given. Tdaams dictionary
can carry optional parameters that will be usedheyproxy,
as shown in Table 2.

Parameter Description

locallD ID of existing subscription.
DataType ID or alias of event handler.

interval Repeated timer eveigterval  secs.
countdown  Timer countingcountdown — secs
email Alternative delivery address.

Table 2.Optional Subscription Parameters

The interval and countdown  parameters will
initiate timers that, after the specified amounttiafe, will
trigger an internal event for this subscription.

ISSN 1738-6535 © Web Services Research Foundation, Seoul, Korea
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If the subscription parameters do not contain the handle
parameter, the call will return a new subscription Payload
, sublD ) tuple is considered a

locallD
identifier. The aiflD
unique key, and is later used to validate extemaints
delivered directly to individual users. Thus, a stription
creates a permanent proxy that keeps state for @sah A
user can have multiple subscriptions, to, for insta use
multiple different filters on the same data.

Communication between proxies or between a proxysan

user is established by subscriptions, and evemtgashed
accordingly. External events from other proxiesaekvered
via thenotify(waiflD, sublD, event) call, which
triggers an internal event for the specified supsion. If no
such subscription is found, the proxy will return arror
message to the caller. However, a proxy can begumed to
accept all events, and events carrying data canedehether
they are available for all subscribers or just apecific
subscription. Incoming data can be correlated déta from
the receiving proxy, given that the receiver untiemds the
data format and content. Our message format
communication between WAIF proxies
applications define their own data formats. Foriddyased
filtering, this implies we do not specify a certaapic space,
and there is no Web service-style hame-space smimh
scheme. Hence, collaborating proxies will need @mroon
data format.

A subscription active until an
unsubscribe(waiflD, sublD) call is received. This
will not delete the user profile by default, onlgadttivate it.

is

C. Event Format

We distinguish between internal and external eydnisthey
have similar formats. The format of an external révibat
gets delivered to the WAIF proxy via timetify  function
is shown in Table 3.

Parameter Description

waiflD User ID of subscription owner.
subID Subscription ID.

message An associative array for event data.

Table 3.External Event Format.

Both external events delivered via thetify  function
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Name of chosen event handler.
Dictionary for event data.
Table 4.Internal Event Format.

IV. Case Studies and Applicability

Our WAIF Proxy has been tested in numerous apjmicat
areas, ranging from news recommendations, finargdafile
system eventing, persistent Web search wrappir@oafgle,
weather alerts, commuter information, stock qugbteates
and RSS feed alerts. We will describe the latter tere.

A. The WAIF Proxy

Web syndicatiohusing RSS, Atom or similar protocols has
become a popular, although resource straining, Web
application. The idea behind syndication feeds Vdeb
resources is that frequent users can efficiently agdorief
faverview of the latest updates without explicitigiting the

lets filteringfeed source with a Web browser. The user regiseds in a

feed reader application on his computer, oftenedadl news
aggregator, and lets this reader pull selectedsfeebitrarily
often. Although relieving the user from unnecessagnual
pulling, there is little or no evaluation on theeesource of
whether a user should be notified of a feed updites, the
user relies on frequent pulling and client-sideleation to
stay updated. This puts a high strain on the feedce and
the network, having to serve many users checking fo
updates. These characteristics of RSS feeds araht cli
behavior are investigated in [10]. Their conclusisrthat a
better update notification scheme is needed, becaush of
the bandwidth is consumed by re-fetching feedpublishers
notify subscribers about when they should pull dpdates,
less bandwidth would be consumed. rssCloud is a€ RP
upcall system where subscribers ask for a lightiateROAP
notification when new feed updates are availablewéler,
this feature has rarely been implemented by feddighers
since its introduction with RSS 0.92 in 2681

Our feed proxy is designed to alleviate problemth bor
the user and the feed source. By reducing the nurobe
messages sent over the wire, we reduce both netstaias
for RSS publishers and the need to evaluate datheoclient
side. Our goal is keeping bandwidth consumptionato
minimum, while optimizing timely delivery of feegdates.

and internal events are added to the same eventeque A \yell-known technique to help scale high-traffiergers

External events are preprocessed, type conversiaiae by
the SOAP infrastructure are reverted back to Pytlamd a
handle is added to identify the event handler fig event.
At this point, the two event types are not distisgad, and
they have the same format, as shown in Table 4.tyjhe

is to insert mediators on the client-server patth eeplicate
data or functionality across nodes. A WAIF Proxtiragas a
mediator on the client-server path allows us tgevel strain
from busy news servers. However, simply moving
computation from the server to a mediator will oggrve to

conversion from SOAP associative arrays to Pythopgye the scaling problem to another node in théesys

dictionaries and lists is the reason thessage parameter in
Table 3 changes namepayload in Table 4.

Parameter Description
waiflD User ID of subscription owner.
sublD Subscription ID.

Thus, a mediator structure must have added furadttgrso
the entire system will scale. Our mediator is a WAIroxy
that can pull feeds updates on behalf of its usezan pull
as often as necessary to catch updates in a tmaatyer, and
will push only the differences to its subscribersew new

® http://en.wikipedia.org/wiki/Web_syndication
10 http://www.thetwowayweb.com/soapmeetrss
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data becomes available. This is similar to the tionality of
the FeedTree[13] peer-to-peer
network.

The implementation uses the Python feedp&rsand
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regular Web browsing.

micronews distriloutio To detect duplicates, a feed is broken down taestand

for every new feed pull, each entry is comparecevery
other entry we have cached for that feed. Curremiéy only

feedfindef? libraries to find, fetch and parse feeds. Theskok at the link to the full article, however weeaturrently
libraries support all known feed protocols and fatsn like experimenting with a fuzzy duplicate detection sobeto
RSS and Atom, enabling the feed proxy to extraad arapply on the summary text. It is a hard task tcedwine

forward feed entries on a simple, common formaerdgan
subscribe by specifying a feed by base URL, ditéRt or
feed title, and optionally indicating how often yhevant
notifications. The default behavior is to pull eydeed not
more than every thirty minutes, to avoid gettingdidked from
busy sites like Slashdot.org, who will block IPsuskrs that
pull too often. Subscriptions giving only a titlé afeed will
fail unless that feed has already been added tte#ttecache
by another subscriber. To save bandwidth, the feedy
does not fetch data from feeds without subscribéfisen a
feed has been updated, every subscriber to thid fee
notified. If a feed no longer has subscribers tahie feed
proxy will stop updating it, but it will stay in éhcache.

Feeds with subscribers will by default be pulledcen
every 30 minutes. This seems to be a reasonaldevaht
since some sites block users pulling more oftem ttheat.
Setting individual update intervals for each feexd niot
implemented, even though [10] suggests it
appropriate.

An example subscription to the BBC News Service is

given in Table 5. It contains a delivery URI and emalil
address in case a notification is undeliverablethea SOAP
interface.

Parameter Description

waiflD Larswaif

Taddr http://waif.cs.uit.no/feedcl
ient:7878

params {feed:bbc, email:larsb@cs.uit.no}

Table 5. Feed Subscription

is more

whether a story has been updated with breaking ,news
simply edited. A problem with using the link aseyloccurs
when feed servers udd¢TTP/302 forwarding schemes for
load balancing. We have seen servers change lamkavery
pull operation, and in combination with lack of EjBaor
modified headers this makes it nearly impossiblpddorm
duplicate detection without fuzzy content analysis.

An example feed entry being pushed to a user sibsgr
to the BBC UK News service is given in Table 6.

Parameter
Title

Description
Secrets of largest fish revealed

Summary  Researchers use satellite tags to gain
unprecedented insight into the life of the
whale shark, the world’s largest fish.

URI http://news.bbc.co.uk/go/rss

/-I1/hi/world/asia-
pacific/4273844.stm

Table 6.Feed Entry Format.

Updated or new feed entries with new links are atec
true positives and written to the feed cache whitésting
entries are declared false positives and thrownyavae
feed cache will only keep as many entries as thed fe
contains at any given time, and does not support
chronological queries for outdated feed entriesteAfa
successful update pull, the proxy will push eveswrentry to
subscribers of this feed. Typically, when signirg a user
receives the complete content of the feed cachthédrfeed,
and after that only receives new or updated entries

To receive feeds from the WAIF Feed Proxy, you naed

A feed is identified by a URI where an XML file is SPecial client application. It is also built on téAIF Proxy

published and republished when it changes, and \easion
of this file has several entry items with titleapsnaries, and
links. An updated feed may not mean that everyasatnew,
experiments show that merely changing some ofuhasary
text or even the ordering of entries will triggefead update.
Some sites usdTTP/modified
the main feed file and each entry. These can bd fme

framework, and features a GUI to display the nentsies.
At present, a Trillial? plugin is being developed.

B. The WAIF Stock Quote Proxy

headers or ETags on both Stock trading is another application where frequeeriling is

used to track updates to remote data. Buyers dietssef

conditional GET operations. Servers responding withy pjiciy traded stocks usually want to be kept olate on
HTTP/304 messages make it easier to check for modifiegle movements in stock prices. Price movements; bt
feeds, but it is not always possible to know eyaethat data  gjrection and the amount, are hard to predict ag tepend
has been modified and how. Therefore, headers tayo complex factors and we usually do not know inaate
fully trusted to tell whether a feed should be mesHo \hen they will occur. Hence, stock quote alerts areery
subscribers. common application for push-based systems.
Consequently, RSS users must pull frequently toemak The WAIF Stock Quote Proxy is designed to pull ktoc
sure they get all updates, and also need to dither a smart quotes from a public Web service, and generatesalgron
client able to detect duplicate updates or perfenanual ,rice movements. Users subscribe by giving a fistacks to
evaluation, i.e. keep reading RSS news all the.tif&Is, \yatch, and how much a certain stock should moverbedn
RSS users may not experience saving much time aq@@pa o1t s pushed. The reason why we expect significa
bandwidth savings using a push-based approachatstie

Y http://www.feedparser.org/

12 http://diveintomark.org/projects/feed_finder 13 http://www.ceruleanstudios.com
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most actively traded stocks, measured both in dallad positives. Since our experiments are implementéagubhe
share volume, rarely make radical movements. Duang WAIF Proxy, this is easily measured by issuing supsions
trading day, such stocks are not expected to mawe than and recording the amount of output the subscritesrsive.

a little bit, as for large trading volumes, a chamd only 1% Note that the cost related to matching data updates
is worth a lot of money. Hence, if stocks such a®@e or subscriptions and pushing events to subscribethpuaih
Microsoft move more than 0.5%, it may be considerethteresting, is outside the scope of this article.

unusual and thus a subscriber to these stocks raay to We ran experiments from two different locations,
know about it. Smaller movements should not disttimb  University of Tromsg, Norway, and Cornell UniveysiNY,
user. A sample subscription is shown in Table 7. USA. The computer running the experiments from the

Here, the subscriber sets a threshold level, degilow University of Tromsg is a Dell Dimension 360 (WiP)Sp2)
much a stock has to move before he should be edtiftach with a 3.2GHz P4 CPU and a 100Mbps network conoecti
new price update is compared to the last notificatthe The computer we used at Cornell University is alDel
subscriber received. Dimension 8100 (Red Hat Linux) with a 1.4GHz P4 CPU

and a 100Mbps network connection.

Parameter _Description A. RSS News Feeds

\-ll-v:g:j? htl{T)r'?),\\/lvaaHf cs.uit.no/stocke Our first experiment is based on measuring theerfily
lient:8787 performance of the WAIF Feed Proxy described intiSec

params {tickers:[orcl,goog,msft,sunw], threshold: 4.1. The application is a WAIF Proxy capable oflipgl any
0.5} RSS feed at a given interval and generating alésts

subscribers when new items appear in a feed. In our
experiment, we consider realistic subscriptionsptpular
news feeds, but do not actually push updates td rea
If a stock quote subscriber has a 0.5% threshatthgehe subscribers. When a feed contains new entries, eutack

will receive two notifications if in the course ofie day his them true positives. A pull returning old entries, only

stocks moved up 0.5% and then 0.5% down againndpiea  Slightly changed entries, is declared a false updEtte latter
stock quote alert is shown in Table 8. result is declared when a feed changes the ordis ééed

entries or changes a summary text without actudnging
the target link.

Table 7. Stock Quotes Subscription

Parameter Description

ticker goog By regularly pulling, we investigate how often a sf
price $315.68 selected feeds are updated with new content. Onjecture
previous $314.10 is that with a moderate pull interval, rarely upgthfeeds will

Table 8.Stock Quote Notification. mostly generate false positives. Others with a drigipdate

frequency will give a higher share of true posiivéhe ratio
between true and false feed updates depends ceotitent
V. Experiments and_ the_ publishgr of the fe_ed,_ since different rimf@ation
topics will have different publication rates.
To demonstrate the potential advantages of usish-pased Table 9 contains the ten news feeds used for our
WAIF proxies as wrappers for pull-based Web sesjioge  experiment. They were selected to capture feed$ wit
have experimented with the two applications we dlesd in  gjfferent characteristics of their content and rthepdate
Section IV. frequencies.

A requirement for optimal pulling is that every brdquest  Extensive measurements [10] has been performed at
should return new, changed data. The unpredictatlere of cornell University on the quantitative charactécsof RSS
dynamic and volatile systems like stock tradingmaws gg 5 publish/subscribe system for the Web. Thidysshows
feeds, implies that data is not updated on a pkusobedule. hat we can expect a representative selectioneafsféo show
In a pull-based system, the only practical solutioravoid very different update frequencies. According toirtiséudy,
missing updates is to increase the pull frequentythe  approximately 55% are updated hourly, while 25% ehav
clients. However, this means that some pull requesi ypgates within days or weeks. While this extensiely of
return new, changed data (true positives), andrsthéll  approximately 100,000 feeds discussed collectizperties,
return unchanged data (false positives). Hence, réti® \ve can reproduce their results in concrete examplesce,
between true and false positives is a measuremdiating \ye can use their analysis to suggest how some femuals
the amount of unnecessary network traffic and s$erv@enefit from pushing their updates to subscribersle other

resources being used. . _ _ ~ feeds should rather be frequently pulled
The motivation for both experiments is to investiga

applications typically implemented using frequentlipg,
and to check the amount of pull requests returriaige
Feed Tile | Base URL | Content Type
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AP http://hosted.ap.org/lineups/TOPHEADS.rss AP Top Headlines

AP Sports http://hosted.ap.org/lineups/SPORTSHEADS.rss AP Sports Headlines
Reuters http://today.reuters.com/rss/topNews Reuters Top News
Aftenposten | http://www.aftenposten.no/eksport/rss-1_0/ Norwegian News

BBC News http://newsrss.bbc.co.uk/rss/newsonline_uk_editorit/rss.xml World News

Slashdot http://rss.slashdot.org/Slashdot/slashdot News for nerds
CNN.com http://rss.cnn.com/rss/cnn_topstories.rss CNN Top Stories
Google News | http://news.google.com/news?q=web+services&outsgt=r Search “Web Services”
Google News | http://news.google.com/news?q=whale+shark&outpst=rs Search “Whale Shark”
ACM Queue | http://acmqueue.com/rss.rdf IT Trends

Table 9. Selected News Feeds.

Feed Title Updates | Entry Updates | Feed Length
AP Headlines 49( 4816 10
AP Sports 490 4814 10
Reuters 497 892 10
Aftenposten 499 513 10
BBC News 426 448 24
Slashdot 496 364 10
CNN.com 499 184 6
Google WebSrv 499 117 10
Google Wh. Sh 499 40 10
ACM Queue 11 2 10

Table 10. Feed Test Results For 500 Pulls.

. does not really return new, valid updates (trueitpes), a

The results from pulling the ten feeds in Tableverg 30 push-based scheme where only the updates are pcahdx
minutes over 10 days is shown in Table 10. Eacl fess suggested. In this case, subscribers to our feexypould
been pulled 500 times, and the proxy tries to wslitional have received up to 92% fewer messages (in the afabe
GET where ETags or modified headers are available. THehale shark” feed). We also see that feeds froma th
first pulls returned between 6 and 24 entries pedf and the federated news agencies Associated Press (AP) anteiR
data in the table is based on the 499 followindspdlhe first mostly get forwarded right away because they haemym
column,Updates show us that nine out of ten feeds are eithampdates. As such, the extra processing to confiieset
not responding wittHTTP/304 Not Modified or are updates is less valuable.
actually updated within every 30 minutes. ACM Quéurms Our results tell us that the update characterisifceed
out to have a very well-behaving feed, since ityarlhimed data are important for the success of pushing tpethtes. It
to be updated 11 times after the initial pull. Hoee the seems that rarely updated feeds are better suite@ush,
next column,Entry Updates shows how many feed entriesbecause of their low update ratio.
were actually updated, according to our duplicagtection B. Stock Quotes

algorithm. We see that the two feeds from Assodid&eess . )
Our stock quote application is a WAIF Proxy budt pull

(AP) seem to update all 10 entries for every ply, within ) ; ;
stock quotes from a publicly available Web servite.

every thirty minutes. However, this result may hetcorrect, ) i _
as the AP server seems to use randomig@ap/302  9enerates alerts upon certain price movementsioBe4t2
gives a case study of this application.

redirection between different servers. If the URIshe feed X .
For our experiment, we chose to monitor ten of rtieest

change for every pull, our scheme will fail to detduplicate ) K he NASDA d NY Stock Exch
entries with different links. Further, we see Resitare acu_ve stocks on the Q an tock Exchange
during June 2005 (measured in both the number of

frequently updated, with 1.8 updated feeds per dtutas. ; L
Our two personalized feeds from Google News on selsansactions and dollar volum_e). The stocks artedisvith
services” and “whale sharks” did not return manyren symbols and company names in Table 11.

updates. The latter only 40 had new entry upddiaswe Ol_Jr a!arm SEIVIce wraps on’e .Of XMeth_b‘Hdemo _Web.
had to pull and evaluate every time because thegBoo services;Delayed Stock Quatdt’'s interface is very simple;

server does not respond to conditior@ET operations. the functiongetQuote(symbol) returns the price for that

Quantitative measures on the updates of Web dathR&S stock as a float, with a 20 minute delay compaoeal-time

: trading.
feeds especially [10], have suggested that eaah $heuld . )
be pulled on an individual schedule, which our it The machine and bandwidth resources of the XMethods

clearly support. However, since most of the pulem@pions
14 http:/iww.xmethods.net/
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service are limited, and we do not know anythingualthe update ratio well below 1.0%. The middle thresheédue
efficiency of its implementation. However, thisastypical gave ratios at approximately 2.5%, and the lowastshold
scenario for developers of applications that retypablicly gave many more true positives, with both ratiosmund
available Web services. We only know its IP addresd1%.
indicating a location in San Jose, €A In message count, this means that a subscriberuto o
For an update to be declared a true positive,tek price  service could receive 99% less messages, if he canlgs
had to move beyond a certain threshold. Hence, whstock about movements larger than 1.0%. Still, the stoaks
price had increased or decreased a certain pegeestace monitored every minute so the user receives thelimed
the last true positive was recorded, it would bestered a information quickly. When the threshold level dexses,
new true positive. In this way, we avoided stoningre than more updates will qualify as true positives andsles
one value per stock, and only triggered alarms wten bandwidth is saved. Lowering the threshold for upda
threshold had been reached. pushes, means moving closer from push to pull, Sfith the
A stock traded in very high volumes is expectechawe lowest threshold we tested, 90% of the updates \iase
many small and insignificant changes, but we warted positives.
record only significant changes. Although subseshke our The latency measurements are omitted since theyatid
stock alert service would probably want to set thieshold pose a significant cost, and did not suggest mohm
themselves, we tested our service with three totddbvels; evaluation closer to the source.
1.0%, 0.5% and 0.25%. On average, we do not expatt
the most traded stocks move more than that durimg o
trading day, and for large trading volumes, a ckaofgonly V|. Discussion
1% can be significant in a trading context. If gubscriber is

not actively trading at the moment, pulling for apes once Urgency matters. The ability to capture one or @eseof

remote events as early as possible is a key diffieter in a
modern society. An obvious example is a stock hroke

?ﬁl/_rpcbol Igtc:e Tgirgo':ggi ggtting public information about a traded compaﬁghﬂy

MSFET Microsoft Corporation prior to_ another §tock broker. _We have st_udled raart_l_et

SUNW Sun Microsystems, Inc. structuring technique we conjecture as importantthis

GOOG Google Inc. cont_ext, and we will discuss some of our experieincthis

CSCO Cisco Systems, Inc. section.

YHOO Yahoo!, Inc. .

LU Lucent Technologies, Inc. A. An Expressive Push Structure

XOM Exxon Mobil Corporation The widely adopted client-server model is not alsvéye best

TWX Time Warner Inc. structuring solution for modern Internet applicatoFirst, to
PFE Pfizer, Inc. capture remote events as early as possible, a cle=us to

) pull data over the wire very frequently. This stes the

Table 11.Monitored Stock Quotes. remote server, as experienced by popular RSS pebiis

. _ 10]. Also, far too much data is sent over the mekithan is
per minute should be more than enough. Since thé Wéec]essary

service we based our Wrapper on seems to be Ioc_ratédn Second, the session based client-server schemé&e®qu
Jose, CA, we decided to test both from.the -Unlweref that a user (or client program) is constantly ine th
_Troms_ra, NOFW"?‘V' and from C_:ornell University, NY, tocomputational loop. This creates unnecessary iniesrat the
investigate the |mpgct of long distance latencytaided test client side, in particular if the frequency of falpositives is
results are shown in Table 12. The test data wiscted high. The best would then be to offload this vatiita

between September 26 and October 11, 2005. process to the opposite edge-point of the Inteamet only

send high precision data over the wire.

Site Threshold Pulls | TP Ratio Push technology alone does not solve these problems
Tromsg | 0.25 133101475 0.1108 roperly. The reag)(;n is that it is hard to speeifgctl vShat
Tromsg | 0.50 7640| 177 0.0231  POPETY: . Peersictly

to push over the wire due to a lack of expressisgne the
Tromsg | 1.00 6980| 55 0.0079 . . . .

T server APl. High expressiveness comes with an iaddit
gorne” ggg ;238 igg géggg burden, since more fine-grained computations make t
Corne” '00 9130 0'00 9 place on the server side. Hence, typical push redmerver

ome L 1 45 004 APIs like, for instance, RSS feeds, have a coaramed,

topic-based push interface. Similarly, publish-suite
systems like, for instance, Gryphon [15], Siena fid
SCRIBE [5] provide topic based, or limited contbased,
subscriptions to published information.

In the WAIF [9] approach, we strive for extreme
expressiveness of subscriptions. Our approach risugin
deployment of very personalized filtering code be path
between an Internet publisher and the client. Wee lgoown

Table 12. Test Results.
Each stock quote was pulled in approximately 300@4
per trading day. The tests run with the highest enoent
threshold clearly yielded fewer true positives,batith an

Bhttp://mww.geobytes.com/IpLocator.htm?GetLocatiop&idress=64.1
24.140.30

ISSN 1738-6535 © Web Services Research Foundation, Seoul, Korea



International Journal of Web Services Practices, Vol.1, No.1-2 (2005), pp. 89-100 98

the potential in doing such expressive upstreantuatian
close to the data source; one anecdotic exampieaited that C. Personal Overlay Network Systems
over 99% of communication can be avoided.

We deploy these filters at mediator structures [t&jt
turn existing Internet services into publishersillastrated in
Figure 2. Similarly, we change traditional browsidlgents,
into asynchronous subscribers. Our goal is to cempht the
pull-based Internet, with a push-based one detigehigh-
precision information in a timely manner. We do aovision
that we can change the API of, for instance, Goagle
Amazon, but we can build external proxy structuresing
such services into expressive, push-based ones.

Our results indicate that we must balance whenrefay
expressive push and when to deploy client-servectires.
The obvious solution for a client-server approador
instance, would be a server containing only histdeta. The
other extreme is a server with rapidly changingteon At

We are past the point when multiple users sharsthgle
computer. Now, a single user typically uses a nekwaf
computers, some of them servers shared with others.
Technology as peer-to-peer file sharing networks, lifor
instance BitTorrent [6], blurs the picture even eobut
where the picture is that a single user can have r&any
computers serving his needs.

We envision this trend to be further developed tolwa
what we call personal overlay network systems (PYONBis
is a dedicated network serving the needs of assinggr. In a
PONS, a user can distribute and install highly peatized
modules which should be doing as much as possflbéten
repetitive and tedious personalized tasks. Inpsi @omes
through feedback from other users by collaborative

f iah . hat f h recommendation techniques. Only when certain events
Irst, one might conjecture that frequent changea 8erver ., ypinations of events occur, should a user beealel his

Woulld .be the ideal candldateh forhpuhsh ;{;‘d ,UpsltreagQ/erlay structure is transparent for the user, ngivihe

evaluation. We a_re not so sure, thougn, t "_"tt qesmpe impression of a personal overlay network systemhiogs
answer to this, since frequent updates typicallglynheavy .- towards him

computayons_ "?“ the server. Hence, from the SerVerExpressiveness in a PONS is far better than intiegis
perspective, it is probgbly better that datgl ISdb@h off systems since we can deploy any type of prograniiet

remotely. At the same “'_””e’ many t“_Je positives aiE_;pIy service in this system. However, functionality idden from

network transfers and client interruptions. A ceagsained . \\0vice user so. for example, the user doek that

RSS push might then be a good candidate here. _ . code is configured on his or her behalf, where tlude is
The approach we have taken, by an extra 'ntermd'aéctually running, and the like

structure pulling the server for data, and doirgdldditional

parsing of the data before potentially pushingitlients, is

an a_pproach that can scale we_II. The server doedmthe VIl. Related Work

parsing, and the client evaluation and most of rtevork

traversal is avoided. Hence, extra functionalitynes at the We have basically patched the initial client-server

cost of this incremental proxy structure. architecture to accommodate the exponential growfth
When data are updated less frequently, push isoager dynamic content on the Web. This includes, forénse,

candidate than client-server techniques. This way/eb proxies, DNS name resolution techniques, skalab

unnecessary polling for new updates is avoided. server farms, search engines, directory serviceslti-m
threaded browsers. However, we argue that thisak n
B. Push vs. Pull sufficient, in particular if we want to provide qugt for a

Both news feeds and stock alert services are tlypic%ew class of applications automating more of thdiotes

o : tasks of all the millions of users on the web. Henwe
applications where we know nothing about when aad h . .
. conjecture that the structure of the Internetpe fior change.
large data changes will appear. Although the neeed f : . ) .
. . . We will now discuss different technologies that éall
experiment showed us that push is not necess&eybest : : : ”

. affected our design choices while developing WABXReSs
option, our results suggested that stock quotdsatee very .

: as push-based wrappers for Web services.
suitable for push.

In a very realistic usage scenario, we showed tipato
99% of pulled stock quote data were false posifives
wasted traffic. These results suggest that a mosh-pased _ _ _ _
architecture is very suitable for this type of apmtion. In WAIF, we investigate expressive push structuring

However, one may argue that our clear resultsénlatter techniques. That is, we study how to extend exgstiediator
experiment are caused by selectively picking stdbles fit ~Structures using Web service technology. Extensibés a
our requirements. It is reasonable to presumectmadsing a concept has been applied to computer systems fory ma
representative selection of all publicly tradectktomay give Years. Extensible operating system services andveact
us results similar to the RSS feed experimenthat tase, networks, for instance, contain much related w&RIN [2]
our results support the discussion put forth in, [8here and Exokernel [7] demonstrate how to dynamicallyeee
algorithms for optimal combinations of push and | puloperating systems at run-time. A system like STE] [ises
strategies are discussed. Still, we conjecture theftrusted mobile code to upgrade communicating reveds
complementing traditional pull-based Web servicéthva ~ at the transport level. _
push-based interface can significantly reduce theumt of A key difference with WAIF, though, is that we exte
unnecessary traffic on the Internet. user space web servers at run time, not in-kempratocol

A. Extensibility
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functionality. This is similar to how Web services for security or performance issues often associateld mvitbile
instance, Microsoft .NET can be used, where Internagents.
services can be composed from other Web services.

E. Semantic Web

B. Publish/subscribe Systems The recent developments in Semantic Wekrvices display

Existing publish/subscribe systems like, Siena {3lyphon a trend where remote services and data are given ve
[15], and Scribe [5] demonstrate that push-basgulogzhes expressive interfaces. Attaching structured metadat a
solve some of the scaling issues of the current WWeb service interface using the Resource Descriptiommibd
accommodate scaleable event dissemination, upstre@RDF)° allows client programs a better semantic
evaluation techniques are combined with downstreaonderstanding of that service, and better expressss to
distribution in these systems. Similar push-bagggt@aches help extract more specific and relevant data. Thesefaces
are also emerging with alert and subscription ses/added are ideal for push-based applications, and mayym®dery
to popular web sites. For instance, both Google sNand interesting events. Better structuring of inforroatialso
NY Times, provide a subscription-based service tialgr improves event matching, often the bottleneck athpbiased
users when interesting data appear at the servessbscription systems.
Nevertheless, two problems with this type of
publish/subscribe systems are that they are ptapyieend F. Adaptive Push-pull
have coarse granularity. The latter might resultfan too
much data being sent over the wire, adding to tairg
problem.

Recently proposed publish/subscribe systems t
specifically targets efficient distribution of R$&d updates
using collaborative polling are described in [13].1

Distribution strategies for dynamic Web data haeerbthe
subject of extensive research. Bhide et.al. [3Juasgthat
since the popularity of Web objects vary over tiihés hard
a priori determine whether to use push or pahl &
specific data item or stream. To aid this probleimy
present and discuss adaptive algorithms able tomafly
C. WS-Eventing combine push and pull at a particular instant.
WS-Eventing is a protoctl that allows Web services to
subscribe to or accept subscription for event iwation VIIl. Concluding Remarks
messages. As such, it is very similar to the way IWVA
Proxies extend the existing API of pull-based reses! like,
for instance, Web services. The suggested standdltd
enable better interoperability between event preduand
different routing substrates, a problem associatgth
current proprietary publish/subscribe systems. Gnlgarly
proposal for a protocol specification existed wienstarted
our project in late 2003, so we developed our oersion.
WAIF Proxies are generalized wrappers, and mayagont
functionality equal to current implementations dfist
protocol. Filters in WS-Eventing are optional, likeWAIF
Proxies, and implementations are suggested, toX@sah’
predicate expressions as filters.

In WAIF, we are investigating how to structure next
generation large-scale pervasive systems. The lesjgml
principle we advocate is proactive computing where
information providers initiate dissemination of anfnation.
We conjecture that Internet applications filteridgta close
to remote sources scale better than pure cliemeser
solutions. The potential net effect is that redumdar
obsolete data is not pulled down over the wire. 8em
filtering, however, suffers from the lack of expreness.
That is, it is hard to take into account individaald diverse
user needs through standard, fixed server APIsypical
Internet server is not extensible, especially motthis type
of transformation to an Internet publisher.

We are interested in transforming traditional Inetr
services normally accessed through a client-sefrinto
Running specialized code on remote data sourceanis publishers. Fortunately, it is possible to add rermediate
application area well known within mobile agente@h. proxy structure to a communication path betweeleatcand
The advantages of this approach are outweighedhby ta server. This proxy resides close to the Intesetwer
disadvantages, so mobile agent technology has fiewed a \wrapping it with a new API. In this case, it tramshs a
broad use [8]. Still, we believe that upstream eatbn of standard client-server API into a push-based orighli
data close to the source is a viable techniquenfany personalized filters running as Internet servicenfrends
systems like, including push-based Web serviceke Li now determine when and what type of data to push have
mobile agents, we are able to evaluate data diffigrdor  experienced that the inherent structure of Webisesvends
each subscriber. The key to achieving the samgelf naturally to this type of problem, and expeents
expressiveness as with mobile executable code,eggort a indicate that a push-based Web Service wrappefiltemout

highly configurable interface for subscribers. Waira that  redundant data without reducing service value.
WAIF Proxies export this kind of interface, and shtan do

many of the same tasks as mobile agent systenmwithe

D. Mobile Agents

Bhttp://msdn.microsoft.com/library/default.asp?uibrary/en-
us/dnglobspec/html/ws-eventing.asp 18 http://www.w3.0rg/2001/sw/
7 http:/Mww.w3.0rg/ TR/xpath 19 http://www.w3.0rg/RDF/
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