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Abstract—Nowadays the World Wide Web (Web) is the
ultimate source of information. Everyone, regardlessof

their backgrounds or computer experience rely on ito get

the information they need. However, most of the
information needed may not be readily accessible ithe

huge row repository of data on the Web. This paper
introduces the concept of middleware for retrievingweb

information. MidWire (MIDdleware for Web Informatio n

REuse) is developed to facilitate the use of publigveb

information by other user applications. The Web preides

huge online and updated information related to diférent

aspects of businesses and environments such as ktpices,

currency exchange rates, interest rates, and weathe
information. All this information can be reused for other

applications through the proposed middleware. MidWie

deals with different types of Web information soures to
provide the user applications’ input. It also provies
different advanced services such as caching and ifatation.

This paper covers the challenges, the architecturethe

services, and evaluation of MidWire.

Index Terms—Middleware, WWW, Web Information
Integration, Web scraping, Information Reuse, Information
Retrieval

I.  INTRODUCTION
The Web carries a great wealth of information thes

services, and RSS feeds. A small portion of this
information is made available through XML documents
and web services. These can be easily integratied in
other applications due to their structured format a
available metadata. Various APIs are available to
integrate information from XML or web services witie
user applications. For example, a user interested i
currency exchange rates can integrate any of thitadne
web services like CurrencyConvertor [3] with his/he
own application to get the latest rates all theetim

Huge information is mainly available in dynamic
HTML documents. However, HTML documents are
geared for the human viewing and lack the struciung
the metadata that can help in automating theignatigon
with other applications. Some efforts were made to
facilitate using this type of information such aiNFO
[4], a Java class that can be used by Java appfisato
retrieve live information from HTML pages in rede.
However, this is a single user model that requinesuser
to have programming experience and cannot handle
multiple users or requests at the same time. litiaddit
does not provide advanced integration services ssch
caching, natification, and fault tolerance.

As more tools pop up to help retrieve Web inforowati
and help users integrate them into their own appbas,
many challenges also arise. These challenges ievbly

become important for almost everyone. Peoples f@ed eyrieval, organization and integration of the imfation
Web information vary; some need static 'nformat'oneﬁiciently and in real time. One of the contritsts of
which can be easily found and used. However, mely r s paper is to identify and discuss these chgéisrand
on the real-time availability of dynamically and e introduce the middleware framework we desigoed
frequently changing data. Getting this information,;jjitate Web information reuse. This middlewardl w
fllterlng/gnalyzmg it in _real—t|me is very hard dirtime _help enhance the development and operations for
consuming. The Web is full of such live and dynamicyjjizing the available public information for new
information mostly provided as text such as newsgppjications. As we will discuss in the design, the
multimedia such as Internet TV, or numbers such agsmework the features involved. focus mainly on
stock, currency and weather information. This makes creating tools and methods to extract the usefd an
viewer-friendly, yet it becomes hard to capture andequired data and inform the users of the specified
manipulate that data automatically. _ changes when the occur. However the overall arcthite
From the user perspective, the availability of ld&a  oyers different types of data sources including LXM

may be crucial for the success of their applic&lidfor  fjas and web services. This makes the frameworkemo
example, the need to retrieve instant values irtksto generic and useful for any type of input.

markets to decide on trade or investment optiofds [17 |, the rest of the paper, Section Il provides baokgd
Other examples also include web information mom®r jnformation and related work on Web information
[2], for various needs such as online currency @igR  (egrieval. Section IIl offers an overview of the We
information and web-based news updates. Thesgformation reused model and Section IV discusbes t
applications cannot deliver the correct resultsheuit challenges of Web information reuse. Section V
such information being made available in real-timegiscusses the MidWire services while Section VI

Much of this information is publicly available thigh oyides more details of the middleware architestua
dynamic HTML documents, XML documents, web oiotype implementation is provided in Section .VII
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Section VIII provides some performance evaluatifors s trained to identify page-independent charadiesighat
the proposed middleware. Finally, Section IX codelsi help in the extractions. Also some work was done fo
the paper and highlights some possible future work. page summarization where important data is colecte
and a summary of the page is presented to the user.
Temporal summarization [14] is an advanced model
II.  BACKGROUND ONRETREIVING WEB INFORMATION where data changes in the pages of interest avekafst
The Web offers a multitude of public information in in the summaries. Another approach is based on Web
various document formats and there exist seve@bto data warehousing [15] where the proposed method
and methods to access it. We can get the informatioanalyses websites and creates Web tables thattieesp
from web services [5], XML files [6] or HTML of the important data and changes along with the UR
documents [7]. Web services provide web APIs tlaat ¢ links for user reference. Most retrieval approaches
be accessed over the Web, and executed on a remdt@wever, require highly complex models that may kvor
system hosting the requested services. These remdtw some web pages and not others. In addition tadap
systems provide different services that providesable different models will result in different monitogn
information about different aspects or productsr Fosystems and users will be more confused. Furthermor
example, some stock markets may provide web servicenany of the approaches we mentioned do not offer
to supply current stock prices. Banks may providsbw functionalities that could cater to multiple recisesnd/or
services to supply information about loans or aurye multiple simultaneous users. In addition, these
exchange rates. If a specific piece of informatisn approaches do not incorporate user notification
needed by an application, the user can easily €edin mechanisms that will help inform the users of eseoft
variable and link it with the corresponding webveee  interest when they occur. Thus users will still éao
which provides the required information using thecontinuously monitor the results produced by these
available API. The main problem with web services i services for what they need.
that their availability is still limited and notlalypes of In another approach researchers rely on collabayati
information are provided by them. Most of the usefuagents to monitor changes in web pages and notify
information on the Web is still available in HTMbrinat  interested users of these changes [16]. More wark o
which cannot be easily retrieved and integrateth wiher  multi-agent data Web information gathering was done
applications in real-time. When XML was introducéite  and several approaches were proposed such asréee th
use of self-defining structures promised an easy twa tier architecture [17] where the middleware brokeffer
deal with and retrieve content. However, XML cooperation capabilities among multi user agentd an
documents are not as common as, HTML documents andulti resource agents. Another example is the
thus most of the information is still inaccessitiless way. autonomous methodology to obtain domain-specific
Unlike XML documents, HTML documents do not haveinformation that can be integrated together to faam
any semantics for their content. Thus, obtainingcifir ~ useful data repository matching the users’ need. [1
data from a dynamic HTML document for reuse in othe The Do-I-Care agent [19] also provides a tool tnitoy
applications is a complex task. It is very diffcub page changes and classify them based on user
identify the required parts of the data, retrigvanid then information to be of interest or not. Some othesesrch
dynamically integrated into a user application. effort was focused on a different direction whetterapts
Some work was done at different levels to try toto transform HTML documents to another format are
benefit from the Web HTML documents. One example iglone to satisfy specific applications. One exangblthis
developing an approach to link the large amoundaifh  transformation is from HTML Product Catalogues seur
that are currently available in HTML documents h@ t code and images to RDF [20]. The multi-agent apghroa
Semantic Web ontology [8]. Another example isand the middleware approaches will help furtheragcle
developing an approach that automatically capttines such systems by allowing for more modular desigd an
semantic hierarchies of HTML tables [9]. In additio help accommodate more complex requirements. Yet
much of the work on information retrieval has beenagain many of these are still limited.
applied on Web information to capture certain aspec Further work also emerged in what is being known as
from HTML documents. The main goals of information scraping (data, screen and web scraping) [21]. fiiss
retrieval are efficiency, accuracy and ease of[l8and  on creating techniques that will treat the dataeesc or
there are many ways to retrieve specific inforrmafiom  web page as a source that is scanned then theniation
HTML documents based on word, sentence or semantiegistered is passed as input for other systerassroices.
matching. In [11] the authors produce a learningOne example of currently available is ScraperWa][
algorithm for retrieval based on previous expergsnc which uses programming models to help users whi t
Terrier [12] is another example that offers a platf to  own scraping models to get their required data.eOth
build and experiment with large-scale informationresearchers also offered different approaches irb We
retrieval methods. It offers a predesigned indexingscraping such as those in [23] and [24]. Most Soap
architecture to help in the search and retrievarations. techniques require the user to have programming
In addition, in [13] the authors offer a learningael to  experience to gain high level benefits, yet theresome
pair usable wrappers with web pages to extractflama  efforts to offer simpler GUI models to help such as
the HTML documents. In this case, the learning poy  Mozends [25], which offers point and click interéato
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select the web pages and data to extract, yetnihata
handle complex choices and high detailed requirésnen TABLE 1.
Once more, the Web scraping approaches offer anMETHODS TO RETRIEVE HTML-BASED INFORMATION.

i . . . "Method Description
_exce”en_t start for building services to ObFalnmfmeq get(header) To return the next field directly attee defined
information from Web pages, yet again the available header. The search starts from the beginning of
approaches handle the service on an individual hess. the page.
In general, there are various issues to handle whe rpet(n,header) To return the next field directlyeathe defined

: : ; header appearstimes. The search starts from the
trying to extract Web data and integrate them wwiter beginning of the page.

applications [26]. For example, the sources arestzonly get(n,header, i) To return the field after skippiriiglds after the
changing, No clear semantics are available, varying defined header appeangimes. The search starfs
naming conventions and difficulty in extracting HTM from the beginning of the page.

data. The approaches we discussed above try t@ soly9¢'Wl0 To return the next field from the currergad

. ] . pointer position.
some of these issues; however, none of them camdpro getwiI(i) To return the field after skippiridields from the

a full usable solution. In our approach, MidWireg Wy current read pointer position.

to offer a generic middleware framework that will | getwi(header) To return the field located directter the

support data extraction from multiple sources, specified header from the current read poirjter
. . position.

acco.mmOdate for dynamlc Ch‘.’mges and also work wit "getwI(n, To return the field after the occurrence of the

multiple users and requests efficiently. header) headenn times from the current pointer position

getWI(n, header, ) To return the field after skippingfields after the
defined header appeanstimes from the curren
I1l.  WEBINFORMATION REUSEEARLY MODEL pointer position.

As we discussed in Section Il, Most useful inforiomat
is available in HTML documents and these do nogroff
enough metadata to find and use the requires irdtom
As a result many models appeared to monitor welepag

and extract certain information as requested byudes.

However, many cannot handle dynamic information and:reated_ to add new values for d|fferent. systems S
frequent changes. In addition, most provide theenterprise systems [27], cluster computing [28]eless

information in its raw form thus it cannot be dilgaised sensor networks [29], mobile ad hoc networks [2DK

as part of other applications. Dealing with livdadposes rcl)bcfmcs [31]. Tf:je mlaln reselarch gg]oal.fs in middle@war
more problems and issues. platforms are to develop simple mechanisms, appesc

We recently developed a simple and efficient apginoa and methodologies that add value to existing coemput

for retrieving live HTML-based Web information [4]. systems, networks, and distributed applicationsis Th
The main idea is based on finding fixed titles eatlers valu_e can be in _'_[he form Of. _s_calablhty, rel|aly_|l_|t
that appear in browsers for HTML documents direotly avallab_|l_|ty, usa_b_|||ty, e_xt_en5|b|||ty, ma”"f‘gea'%'“
semi-directly before the needed dynamic information_reusap'“ty’ stab|I|ty,_ efficiency, —autonomicity ~dn
These fixed titles or headers are used as refengoicgs Integrity. The mechanisms are usually based ondhse
to know the position of the required dynamic of existing methods, protocols, software, and systéo
information. The proposed approach is developed as add the needed values.

Java class, urlINFO [4]. Multiple objects can beated IV. WEBINFORMATION REUSECHALLENGES

from this class for different Web HTML documentsitth
contain some of the required information. A numbér
techniques were developed to find this informatioany

Here we rely on middleware to facilitate accesasee
and integration of available public information vit
application programs designed to meet the speeéeds
of users. Generally, different middleware platforwere

As the first model was designed we came across many
challenges that need to be addressed to implement a

HTML document. These techniques are implemented in complete middleware for Web information reuse.His t
set of methods listed in Table 1. section, we discuss these challenges that malardt to

All these techniques can be used to retrieve Welflieve live Web information and reuse it as pérther
information for use in new applications. As soontlas  2Pplications. Efficient solutions are required tmslify
fields are identified theget or getWl methods with the e Process of the integration and to smooth the
right arguments are used allowing the application tc0mmunication among the different applications &rel
retrieve the required information. Users can targey needed Web information. These challenges include:

HTML document on the Web to retrieve the informatio * Interoperability: ~ the Web mainly  provides
they need. information in the form of HTML documents, XML,

The different methods are designed to cover all documents, and web services. On the other hand, mos
possible access modes for the data. Using thedeodst applications still use CORBA, RMI, and DCOM to

we can identify the location of the data and re&ié as facilitate integration. It is very difficult for @mple to
one or more variables. These variables are thenemad &llow @ CORBA, RMI, or DCOM based application to
available for reuse in other applications. As aultest reuse the Web Information provided in HTML, XML,
will be possible to get the latest value availatole the or even some web services. Web information
applications. providers do not support CORBA, RMI, and DCOM

interfaces through the Internet since these useiape
port numbers that are typically disabled by firdsaal
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Applications that support web services can directly
integrate themselves with the Internet to get the
required information. Web services overcome the
disabled ports problem by using the HTTP protocol
for communication. HTTP usually uses port 80 which
is generally enabled by most firewalls. Unfortuhgte
not all Web information is provided by web services
Furthermore, not all applications can support web
services yet. In addition, XML provides some
structure to the data made available; however,gast
in web services, these are not very commonly used
over the Web. To date, most of the informationtilf s
provided in HTML documents, which imposes a
challenge on how to extract the required partseo b
used by another application.

HTML Format Changes: most information is still
available on the Web in HTML format. Unlike XML
documents, HTML documents are unstructured and
have no semantics for the fields present in the
document. As a result, integrating an HTML
document that contains dynamic information with a
local application can be a very difficult task.
Somewhat, it is possible to implement a solution fo
the integration by extracting the required inforimat
from the relevant HTML documents based on the
knowledge of the structure of the document and the
position of the required information in the documen
This allows an application to identify certain vadu
based on their relative position to some fixed gam
the document like labels or specific texts. Howevere
the structure and the positions may change at any
time, which makes the extraction method useless aft
the change. In addition, dealing with multiple HTML
documents with different structures can be a very
intricate task. Any changes in any used HTML
document will require some changes in the local
application that uses this document.

Distributed Information/Servers: a local application
may require some information that is distributecrov
multiple web servers located in different placelse3e
servers may support different mechanisms to provide
information such as through HTML documents, web
services, or XML documents. At the same time, the
response times for the requests from the clierafloc
application asking for certain information from $ee
servers may differ. Therefore, it becomes very
difficult for the local application to deal withlahe
heterogeneity in the delivery mechanisms, in the
response time, and in the number of the serveris. Th
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That price may change every two seconds. At the
same time, some application may require registering
all changes to that price to perform some calowtesti
analysis or make some decisions. Implementing the
methods in the local application to get all chaniges
some fields in time and keep track of these changes
continuously can be a very complicated task.

Fault Tolerance: me web servers may be
unavailable for some time due to different reasons
including overloaded servers, network problems, and
server maintenance. In addition, servers may have
varying response times. A local application may not
be able to function correctly due to the unavaligbi

of a web server that provides some of the required
information. However, the required information may
be duplicated over multiple web servers under
different contexts and possibly different formats a
well. For example the current price of a specifck

can be available on multiple websites related to
different organizations. If the local applicatioses
one website to get the information and that siils,fa

will not be possible to switch to a different siteget
that same piece of information. However, it will be
desirable to make the application capable of
performing that switch when necessary. Yet, itasyv
difficult to utilize multiple web servers and imphent

a fault tolerance mechanism among them to provide
the required information in real-time bases eveth wi
some faults.

Efficiency: some Web information (especially those
available on a single web page) may be required by
multiple local applications at the same time. For
example, all stock information in a single stock
market is displayed in real-time on a single wegea
Several applications may be requesting differemtkst
prices from that same list at the same time. If the
extraction is done within the application, each one
will download and process the same page, while it
may be much more efficient to download the page
once, process it to extract multiple pieces of
information then provide each application with its
own required information. However, it is a
challenging task to determine the duplication in
requests among several independent applications and
efficiently reduce the amount of processing require
to extract the needed information for each onehef t
applications.

There are several possible solutions for the chgée

imposes a great challenge on the applicatioomentioned abovelhese solutions can be implemented as
developer to account for all these differences angbart of the local applications that need to use Web

ensure efficient operation of the
integration.
Highly Dynamic Information: the required

information information. However, this approach is inefficieand
needs huge development and testing efforts and af lo
time. This effort may be duplicated for different

information provided by HTML documents, XML applications that need to reuse Web informatiorwilk
documents, or web services can be very dynamide more efficient to have some well developed and
This causes the required information to rapidlyappropriately tested independent services that loan
change. For some applications, it is required tcefficiently used to obtain the required informatioy any
capture all changes that occur over time. One eleampapplication. Thus middleware offers a suitable fplat

is a stock price displayed in a dynamic HTML pagefor this type of services. This way, it will be @asto
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reuse and integrate the required services witherdifft
applications.

V. MIDWIRE SERVICES

In this section we discuss our middleware solution
solve most of the challenges mentioned in Sect\n |

The middleware connects the Web as an information

source with the local applications that need to e
information (see Figure 1). This middleware predd
some services that can be used by users to coaeftger
required information needed by their local applmads.

The configuration defines the location of the reedi
information. As it supports information reuse wél da

MidWire (Middleware for Web Information Reuse).

Web Server Web Server 2 Web Server Web Server 4

Ri=

N |

Internet

=

MidWire

Local
Appl. 3

Local
Appl. 2

Local
Appl. 1

Figure 1. Three local applications reuse Web infiifam available

in four web servers through a middleware locatedllg.
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servers, download and process the web page and
deliver the requested information with each request
Caching: in this techniqgue the middleware
frequently downloads and extract the required
information and keeps them in a local cache. The
information cached will be based on the history of
requests made by local applications. The cache will
contain the latest downloaded information that may
be soon needed by the local applications. Local
applications can directly read the required
information from the cache using the available APIs
This type of read will not take much time from the
local applications to get recent information.
Notification: in this technique, the local
applications can ask the middleware to send
notifications to them when a certain value over the
Web has changed. The middleware will monitor that
value and will only send the notification when the
value has changed from the time the request was
made. For example, an application is interestdaketo
notified as soon as the current Google Stock price
changed. In this case, the middleware will monitor
the Google stock current price from one of the web
pages or one of the web services providing this
information and will only notify the application
when the price changes. This type of communication
request is useful for applications that do not naed
frequent access to the Web information. It trarssfer
the overhead of frequent Web accesses from the
application to the middleware.

The suitability of the above communication techmisju
depends on the application scenarios. Table 2 ditise

of the common application scenarios and their most

functions:
Establish connections with web servers and welin Section IV. Interoperability is addressed byviding

1.

The design of MidWire provides the following suitable communication techniques.
MidWire addresses several of the challenges discuss

a middleware framework that may be implemented in

Download and extract the required information fromseveral ways such as using Java modules which can

operate across different platforms. In additior, design

Present all the required Web information in aof MidWire is flexible enough to allow for the
uniform way such that it can be easily reused by omcorporation of different components. It is caalof

handling highly dynamic and changing HTML content.
Web MidWire also allows for incorporating multiple saes
and servers to be used.

TABLE 2.
DELIVERY SCENARIOS

services.

2.

HTML and XML documents.

3.
integrated with the local applications.

4. Capture changes in highly dynamic
information.

5. Provide a fault tolerance mechanism by utilizing th
duplications of the required information over the
Web.

6. Provide APIs to allow the local applications

MidWire provides the required Web information for
local applications in three delivery techniques:
1.

Communicatio
Method

Application Scenario

developers to easily use the middleware services.

Single application accesses different Web inforamti Polling
from time to time.

Single or multiple applications need a continugu€aching
stream of information from one or a few web sourcgs

Polling: in this technique, the required information

Multiple applications need the same informatiomfrg Caching
the Web.

will only be downloaded and provided when a locall Single or multiple applications need to capt{rélotification

application requests it. The local applications are changes in some Web information.

provided with APIs to make the requests. Responses
for these types of requests usually take few sexond
since the middleware will need to connect to Web
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VI.  MIDWIRE ARCHITECTURE ANDIMPLEMENTATION

MidWire is designed and implemented in three layers
The layers are: The Web Information Retrieval Layer

The Cache Layer, and the Delivery Layer (see Fi@yre
In this section, the functions of each layer aseds$sed.

Local
Applicatior 3

/
—

RMI

Local Local

Applicatior 1 Applicatior 2

—| CORBA |—|

Delivery Laye

Cache Layer

Web Information Retrieval Layer

g Interne

Figure 2. The Middleware Architectul

A.  Web Information Retrieval Layer

One of the main layers of this middleware is thebWe
Information Retrieval Layer. This layer directly alg
with the web servers. The main function of thisgiaig to
retrieve the required Web information. The requivédb

information can be obtained from the Web using Wet}e

services or using any library that provides mecérasito
obtain the required information from dynamic HTML
pages as discussed in Section lll. The informai®n
obtained from the Web in a series of individualuests
to be used for serving the polling type delivendsich
we discussed in the previous section or as stre@ms
update the cache layer. This layer uses multipleatis
parallelize the retrieval of highly dynamic infortiman
from the Web. This layer retrieves the required We
information based on user configurations.

One of the advanced functions that can be provided
this layer is to discover changes in the structfréhe

defined dynamic HTML documents. This layer can

implement an automatic validation mechanism tovallo

the middleware to make sure that the formats of th
defined HTML documents were not changed befoqui

attempting to extract the required Web informatiome
possible solution for this problem is to automdtjca
capture and store the format patterns of the HTM

documents. These patterns can be used by the system

discover any future changes in the downloade
documents. In case there are changes, the systifiesno
the middleware administrator to configure
parameters for the middleware.

Another function that can be provided by this laiger
to enhance the performance and reliability of th
retrieving process. If a piece of the requireainfation
is provided by multiple sites or web services, tlaiger
can discover which site or web service can profacter
access. This can be discovered automatically byatyer
using some experimental testing. MidWire can test a
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record response times of available sources peatdito
select the best one to provide the required inftiona
In addition, this layer can switch from a faultyusce or
unreliable source to a working source without &ffer
the user applications. This function requires ttze
middleware administrator defines all websites orbwe
services that provide the same information.

B. CacheLayer

The main function of this layer is to provide memor
for updated information obtained from the Web. This
layer will be accessed by the Web Information Retl
Layer to update the cache with new information agd
the Delivery Layer to obtain updates on requiredbWe
information.

One of the advanced functions that can be
implemented by this layer is to capture the access
patterns of the information in the cache by the
applications. Capturing the access patterns carséeé to
adjust the required speed of retrieving the reguire
information from the Web by the Web Information
Retrieval Layer. For example, the applications asca
certain value in the cache once every 20 secofrdhis
case there is no sense in retrieving that valueyebe
seconds. Therefore, the retrieval layer can berriméol
about that fact to adjust its download accordantly.

C. Dedlivery Layer
This layer will be accessed by the application to
ceive Web information either from the cache amnfr
the Web directly using the Web Information Retrieva
Layer. This layer will also wrap the required Web
information to a format that can be accessed by the
applications. For example, this layer can proviiifednt
access methods such as RMI, CORBA, web services, an
DCOM. These access methods can be either implechente
by the users or using tools to help them in autaraby
enerating servers that use both the cache laykithen

eb Information Retrieval Layer to get the required
information for the applications. The implementatiof
code generation techniques can be similar to [32].

This layer can combine information collected from
different web pages and web services to be delivasea
reply for an application request. The advantagehisf

function is that instead of making the applicatiateal

th multiple web services and web pages to coleset
of needed information, this layer can provide atjuired
information in one record and reply. This layeroatan
implement the notification services mentioned ire th
revious section. This layer notifies the interdste
pplications about any changes in required values.

VIl.  PROTOTYPEIMPLEMENTATION
We have implemented a prototype of MidWire. In this

éorototype we did not cover all the features thatlWire

can provide; however, we covered some essential
features. We used Java to implement the prototyet,
MidWire can be implemented using any other language
The middleware admin can build a configuration file
using a set of Java classes, which define the tipasaof
MidWire. We use Java classes for configuration esiiic
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provides flexibility in dealing with different medkls for  Layer with new updated WIOs. In this layer, a tlhrés
retrieving Web information. This method is used forstarted for each WIO to download updated Web
defining some configurations in other middlewareinformation at each defined interval. With eaclched
systems such as JOR [33], which is a middleware foobject, a timestamp is recorded for the thread sitae.
Java object content-base routing among distributach  Updated WIOs will be sent to the cache layer foregge.
applications. The Web Information Retrieval Layer provides aistat
In the admin configuration file, each Java classmethod to retrieve an update for any WIO. This rodth
represents a data structure that will be retricfvech the  can be used by the Delivery Layer to retrieve updiat
Web. Each class can be defined for a set of rejgissges WIO directly from the Web. The Web Information

of information from a single page or from a singleb
service. For example, a class can be defined fostd&k
guote pages from Yahoo. The class will have a nurabe
fields that define the required structure of a lstmcone

of the US markets. It can have for exam@BmckCode,
LastTrade, Bid, Ask, and Volume. One example of this
class isUS Sock class shown in Figure 3. The class alsa
has a constructor to define the initial setup pssder the
download. Objects from these classes will be use
internally within the MidWire components. These edif
represent updated related Web information calledb We|
Information Object (WIO). Each class must have
method calledipdate(). This update method is to retrieve
the updated information for the WIO. Thapdate()
method should contain some code to update the atkfin
fields in the class. Within this class the user cee
urlINFO or any web service to retrieve related weh
information. The parameter in the constructor isduto
pass information about the retrieve request. It lwarior
example “WMT". This is to retrieve quote for Wal-KMa
Stores. WIOs are then transferred from the Wel
Information Retrieval Layer to the cache layer @rthe
Delivery Layer.

The configuration file also has a class calketlp,
which extends the clasMidWireConfiguration. This
class is to define which of the WIOs should be edch
and which of the cached WIOs should be monitored fo
notification services. The definition is done instatic
method called MidWireSetup. MidWireConfiguration
contains some methods that implement and provid
support for both the cache and notification semideor
each cached information, WIO and download intearal
defined ascache(W O, interval). Theinterval defines the
frequency of updates in seconds. If thierval is 2, then
MidWire will download a new update every 2 seconds
Examples of these cached WIOs for Wal-Mart Storets a
Intel Cooperation stock information are shown igufe
3.

In addition, in the configuration file the usernca
define which of the cached WIOs is to be monitdied
providing notification services. The middleware adm
can use the methaubtify(W O, field) whereW O is the
cached web information object whilield is the attribute
to be monitored for change. If it changes, thers thi
method will notify the interested applications abdtie
changes.

Before we go to the Delivery Layer, let us discthes
implementation of the Web Information Retrieval eay

[e

and the Cache Layer. The Web Information Retrieval

Layer was implemented as a set of Java classesofOne
the main functions of this layer is to update theci
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Retrieval Layer uses the Java virtual machine dizessder
and the reflection API [34] to deal with and invottee
defined methods in the user configuration file.

import java.io.*;
class setup extends MidWireConfiguration

public static void MidWireSetup()

{ Il Cache Wal-Mart Stock Information
US Sock wmt = new US_Sock("WMT");
cache(wimt,2);
/I Cache Intel Stock Information
US Stockintc = new US Sock("INTC");
cache(intc,2);
/I Notify when Wal-Mart LastTrade changed
notify(wnt," LastTrade");

}

}

classUS Sock

{
public Sring SockCode;
public Sring LastTrade;
public Sring Bid;
public Sring Ask;
public Sring Volume;
private urlINFO stock;
public US_Stock(String dPar)
{ SockCode = dPar;

Sock=new

url INFO("HTTP:/ffinance.yahoo.com/g?s="+dPar+"&ql=1");

}

public void update()

{ stock.download();
LastTrade = stock.get("Last Trade:");
Bid = stock.get("Bid:");
Ask = stock.get("Ask:");
Volume = stock.get("Volume:");

}

}

d

|

D

e

Figure 3. MidWire Configuration.

The fault tolerance in retrieving Web informatios i
handled by the Web Information Retrieval Layer by
allowing the middleware admin to define two update
methods, updatel() and update2() in the Web
information class. Both update methods will reteighe
same required information but from different websior
web services. Invoking any of the two update roésh
can retrieve the recent Web information and update
attribute of the WIO. The Web Information Retrieval
Layer can rely on one of the update methods for
obtaining updated information and switch to theeott
the first one fails.

The Cache Layer is also implemented as a set &f Jav
classes. It has a data structure to store updatkds\W
Only recent WIOs sent by the Web Information Retile
Layer are considered. WIOs timestamps are used to
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implement that mechanism. The cache layer provales implements some code to directly retrieve the negli
static method that allows retrieving any cached WIOinformation. This was done using machine M2 throagh
This method can be used by the Delivery Layer tawireless connection for the prototype client apadiien.
retrieve updated WIO from the cache. The second method is uses MidWire to retrieve the
The Delivery Layer is responsible for delivering required information. In this method MidWire is
updated Web information to different applicatiofifis  connected to the Web and the prototype client apfiin
layer can be implemented as an RMI server, CORBAs connected to MidWire. This was done using maehin
server, or any other type of servers. This layesufe M5 for MidWire and machine M2 for the prototypeecit
static methods provided by both the Web Informatiorapplications. Machine M5 was connected to the haer
Retrieval Layer and the Cache Layer to obtain wlat through wireless connection while both machinesavid
WIOs. The layer maps WIOs to different formats andM5 where connected through the wired switched
communication types used by the applications. Wiedo network. The wireless connection of the client niaeh
this layer manually. However, it is possible tocamate M2 was disabled. In each case, the retrievegaois
the coding by developing tools to map WIOs to RMirepeated 100 times and the average response time is
server or CORBA server as examples. This tool cataken. The response time is measured from the fyp=o
implement RMI server by considering both RMI serverclient application. The experiment was conducted fo
interface class and one or more WIOs. If commold fie some information obtained from four different wedgps
names are used, then the RMI server code can land the results are shown in Figure 4. On averemend
automatically generated. 22 milliseconds is added as overhead by using MidWi
The notification service is provided by the notifion  This is a very small overhead and represents asmeafl
manager which is one of the components of the Bgliv percentage of the average time needed to download a
Layer. Any application interested in monitoring som webpage. In addition, using MidWire relieved theiot
Web Information should subscribe by sending arom the burden of implementing the method to et t
subscription message to the notification managée T information and it also allows the client to reutbe
notification manager maintains a table for thetinfation  method through MidWire in any other application.
about all subscriptions. Whenever, the Cache Layer
receives a WIO that is monitored for notificationdait
has some changes, it will notify the notificatiommager
about that change. The notification manger chetks i| Machine | Specification:

TABLE 3. MACHINE SPECIFICATIONS

subscription table to find subscribers with matghin | M1 | Desktop, Microsoft Windows XP Professional, Int |
change definitions and send the notifications tb al Et?\frﬁe(t:ﬁ)\lﬁjcmoo @?2.13GHz, 3.00 GB of Ram, Gigabit
applications registered to receive these notifceti N2 Laptop, Microsoft Windows XP Professional, Ints
Core 2 Duo T7300 @ 2.00GHz, 0.99 GB of RAM,
VIIl.  THE PERFORMANCEMEASUREMENTS Gigabit Ethemet NI

A number of experiments were conducted on the M3 | Laptop, Microsoft Windows 7, Intel® Core iS Cl
implemented prototype of MidWire to measure the I\N/|I4CSO@2.SYGH2,4.OOGBofRAM, Fast Ethemet

performance gain and overhead. In the followin N2 Laptop, Microsoft Windows 7, Intel® Core 15 Ci
subsections we provide details of these experiments M450 @ 2.4 GHz, 4.00 GB of RAM, Fast Ethemet
First, we measure the overhead introduced by using NIC

Midwire when a single value is requested using the MS Laptop, Microsoft Windows 7, Intel® Core i7CPU Q!
polling method. Then we evaluate the performanda ga @ 1.73GHz, 6.00 GB of RAM, Fast Ethemet I

of using MidWire when multiple client applicatiorsse
requesting a stream of related dynamic values fiioen
Web. In this experiment, we use the caching optive. 700
also evaluate the performance gain of a clientiegibn 600 119 Ot
using MidWire compared to using direct Web retrleva 8 Mdwire
methods implemented and embedded in the clien 500
applications themselves. In this experiment, we tihge 400
notification option. To evaluate MidWire, four nidbre
machines were used with the specifications ligtedable 3.
These machines were connected by a dedicated LA us
Dell 2324 Fast/Gigabit Ethernet switch. In additidhe 100
machines have wireless network interface cards. o

300

Milliseconds

200 -

Valuel Value2 Value3 Value4

A. Measuring the Overhead

An experiment was conducted to measure the overhead Figure 4. Overhead of MidWire.
of using MidWire to retrieve some web informatioging
the _pollln_g option. T_he retrieve process was repatl g performance Gain Using the Caching Option
multiple times to retrieve some information thoug¥o h hi L ful wh h altiol
methods. The first method uses a direct connection |Ne caching option is useful when there are maitip

between the Web and a prototype client applicatia client applications that need the same or related
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information or information located on the same wadg the result. The parallel application was implemdnte
To evaluate this option, we used two experimenth wi using JOPI and distributed agents supporting rumtim
multiple applications that directly retrieve reldte environment [28]. The second application replicated
information and then retrieve them through MidWiAdl.  all computers is a prototype of an application thetds
application computers are connected through a dinit to retrieve some value changes from the Web. Two
bandwidth ISDN Internet connection, 1 Mbps through configuration cases were attempted. The first was b
wireless switch/router device. The experiments werémplementing the retrieve process as part of tieéopype
conducted using 2, 4, 6, and 8 client applicationsoth  application. In this case the retrieve part will
configurations: direct retrieval and using MidWire. continuously monitor the required web values. le th
MidWire was installed on M5 while clients where second configuration, MidWire was used to notife th
installed on machines M1, M2, M3, and M4. Theprototype client application about any value change
machines were used for a maximum of two clientMidWire was installed on machine M5 with a wireless
applications. Only the wired network was used toraxt connection to the Internet. This experiment wasghesl
the five machines together. In addition, machinew#s  to evaluate the impact of consuming the systemurses
also connected to the Internet via the wireless/okt. available on the four computers. As both applicetio

The results for both configurations are shown irexecute on the machines, we notice that the phralle
Figure 5. The time measured for MidWire includes th matrix multiplication execution time is 22 seconasen
one-time page download time to MidWire which thenusing the direct retrieval and it only reaches Is&8&onds
uses that page for all applications. The respoirse t when MidWire is used. The main reason for this
significantly increases with the increase of thenbar of  difference is that the direct retrieval consumesreno
requesting applications in the direct retrievalceirthe resources on the machines thus affecting the other
page will be downloaded several times. While theapplication using these resources. MidWire, ondtier
response time only slightly increases with theaasing hand, does not require that much resources sinel it
number of client applications using MidWire. Thalhi separately retrieve and sort out the required te$ot all
increase in the direct retrieval is mainly due t®t instances of the application. As a result the loadthe
contention on the limited Internet bandwidth aslveasl machines is less.
the web server. This is due to multiple and frequen : :

. D. Discussion
downloads for the same web pages. However, using . ) )
MidWire, a more efficient download process for the Based on the results provided by this sectionoalh
required pages is used. In this case, the sameetated MidWire adds some overhead for some scenarios for
information is retrieved once and used by mu|tm|ent retrieVing Web information, |t pl‘OVideS efﬁciemlﬂtions
applications. for retrieving multiple and stream Web informatitor
multiple client applications. The overhead is rigklly

low and is compensated for in the savings gainedgus
450 - — the caching and notification methods. These satstizan
;‘22 | = Mawire be provided using the caching and notification
9 300 = communication options allow for more efficient
S 250 downloading of Web pages and better handling of the
8 200 1 required data. Furthermore, MidWire reduces thealve
S 150 1| load on the client applications resources and gtevark
100 +— infrastructure in use. In addition to the perforan
50 +— advantages, MidWire saves significant efforts anmtin
0 designing, developing and testing, information iesl
2 4 6 8 modules as part of different client applications.
Number of Client Applications Using MidWire, new client applications can be easil
Figure 5. Performance of Caching in MidWire. linked to utilize the available web information. ©n
) ) o ) example of these applications is the PersonalizedkS
C. Performance Gain Using the Notification Option Investors Alert System [1]. This system provides

The natification option in MidWire relives client personalized monitoring for stock information ovbe
applications from intensive information downloaddan Web. The user defines a set of conditions to get
retrieval processing. MidWire can be configurechttify — notifications about specific stock information. $tielps
interested client applications about any change vialue  stock investors to define their business rules starck
whenever it happens. An experiment was conducteduying and selling to get notifications about the
using four multi-core computers to demonstrate that occurrence of the defined events. Currently, this
notification option can provide a good solution forapplication is implemented using direct connectimitthe
monitoring Web information with efficiently. The do  Web. However, MidWire can be used to relive theclsto
machines M1, M2, M3, and M4 were used toalert application from retrieving and processing th
concurrently execute two applications. The firstrequired web information.
application was parallel matrix multiplication, whi
fully utilizes the computation powers of the four
computers as well the network among them to produce
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IX. CONCLUSION (5]

In this paper we discussed the design issues of
middleware services to help retrieve, integrate muse [g]
dynamic web-based information from the Web withaloc
applications. To do that, we went through the défe
methods used to access Web information and hoW]
middleware solutions may be useful to enable and
optimize these methods. We discussed the differer8l
challenges to be addressed when considering the
middleware design. Some of these challenges are
interoperability, HTML format changes, distributed [9]
information, highly dynamic information, fault tobnce,
efficiency and software engineering issues. Then we
discussed the design of the proposed middlewarehwhi
provides three delivery techniques: polling, caghand
notification. Finally we described the architectufethe
proposed middleware which comprise of three laythes:
Web Information Retrieval Layer, the Cache Layed an [11]
the Delivery Layer. This paper provided the design
aspects of the middleware with a prototype
implementation. Some experiments were conducted t2]
demonstrate the advantages of using MidWire.

One drawback of the current design of MidWire igtth
it works on a single machine. This makes MidWire a
single-point-of-failure. In addition, it is not dahle for [13]
very high load. As future work, we plan to investig the
use of multiple machines for MidWire. This will mak
MidWire more reliable and scalable. In addition, plan
to investigate models and algorithms for validatithg  [14]
formats of the defined HTML documents and detecting
changes in them before attempting to extract thaired
Web information. Furthermore, we plan to develomso
techniques to enhance the retrieval process. We tpla
investigate adding some advanced features to MigWir
such as the dynamic discovery of existing sourtiesy
ranking, as well as using web information modeling
capture the dynamic changes and validate the vatrie [16]
formally.

(10]
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