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Abstract. In recent years, the Wrld Wde Wb (WW) has energed as the nost
popul ar vehicle for disseminating information through conputer networks. Mre
and nore construction organisations are beginning to nake use of Intranets and
the Internet. Wile the anmazing growth of the WW is an indication of its
strength, it also nakes the task of finding the right information nore
difficult. Mst of the current solutions such as information gateways and
search engines are “single user node” and “domain independent” which [limt

their effectiveness. This paper describes a know edge-based Collaborative
Construction I nformati on Net wor k (AN whi ch supports col | abor ati ve
information searching and retrieval for construction related topics on
Intranets and the Internet. The system is developed based on software agent
technology. It consists of CON clients and CON servers configured in a three
layer architecture with the OON servers playing the internediary role between
the information users and information suppliers.

Keywor ds: I nt er net sear ch engi ne, col | aborative sear chi ng, i nformation
retrieval, intelligent agent, infornation network, user profile

I NTRCDUCTI ON

The construction industry is an information intensive economc sector.
Many activities involve the creation and consunption of massive anount of
information ranging from product data to technical publi cati ons, from
building regulations to best practice guides. Wth the increased use of
conputers, nuch of the information is generated in digital form There is a
grow ng denand for exchangi ng construction i nfornation over conput er
networks el ectronically. In recent years, the Wrld Wde Wb (WW has
enmerged as the nost popular vehicle for dissemnating information on the
Internet. It is estimated that the volune of information on the WW is
doubling every fifty days. The amazing growh of the WW is an indication
of its strength. However, as nore and nore information becomes avail able,
the task of finding the right infornation becomes more and nore difficult.

There are two comon types of solutions to the information discovery and
retrieval problem on the Internet. The first is a “yellow-pages-like
information gateway” in which the on-line information is organised in
logical categories. The wuser can locate the right information by browsing
through the listings. The second type of solutions is the use of Internet
search engines. A search engine is a special WW server that gathers
information about docunents located on other WW servers. The user can
locate the required information by supplying keywrds to the search engine
which in turn finds the docunments by matching these keywords. Both types of
solutions enjoy a certain degree of success. However, they both have
serious limtations.

By and large, the current WW network can be described as a two-layer
structure wth di rect i nterface bet ween the i nfornation users and
suppliers. Many people argue that it is no longer sufficient to nanage the
continuous growh of the WW A three layer structure (Daigle, 1996) is
required consisting of users, internediaries, and suppliers. The function
of the internediary layer is to match wusers’ demand and providers' supply
in the best possible way. To achieve this, the internediary layer needs to
know what is available on the Internet and also to have know edge of the
users’ infornation needs, domain specific knowedge and the ability to
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learn. Athough the existing search engines, e.g., Infoseek, Lycos, try to
provide some of the intermediary functions, they do not vyet offer any
val ue- added servi ces.

Gven the shear size of the WW it is inpractical to build a single

system that conbines all the information resources. A nore realistic
approach is to build specialised information retrieval systens that provide
access to infornmation resources of a particular domain, i.e., construction.
In t he | onger term t hese donai n speci fic i nfornation syst ens can

coll aborate by sending requests to each other to provide a wunified service
to the wusers. This paper describes a Collaborative Construction |Infornation

Net wor k (aanN proj ect whi ch addr esses the i ssue of col | aborati ve
information search and retrieval for construction related topics using the
Wrld Wde Wb (WYY on Intranets and the Internet. Its key features

include: (1) a one-stop-shop information search service for both Internet
and Intranet wusers; (2) support for user collaboration; (3) application of
construction domain and user profile knowedge to inprove the infornation
sear ch.

Before the introduction  of t he pr oposed CON system the current
solutions for Internet informati on searching are reviewed.

REVI EW CF CURRENT SCLUTI ONS

Wien a collection of information reaches a certain size, there is a need
to find ways to organise the infornation and retrieve it when required. In
the paper-based information age, card catalogues and «classification systens
like the Dewey Decinal System (Fow er, 1997), are effective information
retrieval tool s. Today, the anount of digital information is growng
exponentially and wmch of it is available through the Internet. The Wrld
Wde Wb has becone an expanding hypermedia database where information in
various formats can be found on nany related and wunrelated topics. The
traditional methods alone are no longer able to mnmanage this infornation
growmth. A large nunber of new tools have enmerged aimed at helping users to
locate information on the WW These tools can be broadly divided into two
types:

Yel | ow Pages type of infornation gateways.
Robot based Internet search engines.

I nformati on Gateways

The Yellow Pages is a well-established business directory publication.
Wing the Yellow Pages, the wuser can locate correspondence details of a
firm by looking through the classification hierarchy. A the initial stage
of the WW devel opnent, surfing and browsing were the nmain navigation
nethods. Yellow Pages type of information gateways were popular, ranging

from personal hotlists to conprehensive lists of i nternational servi ces
covering mul tiple publ i cation-types and subj ect s ( Br ummer, 1997). Good
examples of this type of information gateways include the WW Virtual

Library (Manning, 1999) and Yahoo (1999). There were also subject specific
gat eways, for exanple, the Construction Industry Gateway in the WK an
initiative to provi de a gat eway service for construction specific
informati on on the WWV (Lockl ey 1998).

There is no doubt about the wusefulness of these systens. However they
also have some najor weaknesses. Each of these services often only covers a
very snall fraction of the WW resources, only a couple of hundreds or
thousands of WWV sites wth Yahoo as an exception. There are no wdely
accepted standards for classification. Wually each information  supplier
decides the structure and <content of its naterials governed by chance,
occasi onal decisions and staff responsible for the inplementation. The
consequence is a Jlack of consistency and reliability and a lack of
i ndependence from the individuals performing the task. Another weakness of
information gateway solutions is the difficulty of keeping information



updated. Due to the rapid changing nature of the WW nany resources are
qui ckly becom ng non-usabl e. Because there are no effective automatic
updating nechanisms it is very difficut for the gateways to follow the
swift changes of their contents, addresses, appearing and disappearing of
docunents on the sites they cover.

Internet Search Engines

The search engine solution is based on the principle of keyword matching.

A user describes his/her information needs wusing a nunber of words. If
these words are found in a document then there is a higher probability that
this docunent is relevant to this particular user's information needs.

Athough in reality the keyword matching nethods are nuch nmnore conplicated
and sophisticated the principle remains the sane. An Information Retrieval
System (IRS) iterates through a docunent <collection and builds an index of
the nmost inportant words found in the collection. It associates each word

with the locations of all the docunents containing it. Wien a user
specifies a query with a set of keywords, the system returns the docunents
containing all or sone of the words in the query. Internet search engines
are prograns that roam the Internet (with flashy nanes |ike spider, worm or
sear chbot) to build wup an index of nmeta-information  about everyt hi ng
avail abl e on the net (Glster, 1996) . The gat hered i nformation,
characteri sed by a nunber of keywor ds (references) and perhaps some
suppl enentary information, is then put into a large database. The database
is increasing all the time as nore information becones available on the

net. Anyone who is searching for sone kind of information on the Internet
can then try to localise relevant docunents by giving one or nore query
terns (keywords) to such a search engine. Since their first appearance in
1994, the nunber and diversity of Internet search engines have increased
rapidly and continue to do so. The nost popular existing Internet search
engines include Infoseek, Excite, HotBot, Lycos, Ata Vista, etc. Each of
these engines covers a percentage of the Internet. There are sone overlaps
between their coverage. There are now neta-search engines available, which
pass the user’s queries to multiple search engines in order to perform
searching in a w der scope.

These search engines are still providing a useful service in the face of
information overload on the WW However, they have many weaknesses which
become nore and nore evident (Hermans, 1996). Al these search engines rely
on the user being able to fornulate queries effectively, an assunption that
is not always valid. There is no good ranking mechanism to rank the nany
hundreds or even tens of thousands of hits in response to each wuser’'s
query. In addition, nost search engines are donain independent and used in
a single user node.

LATEST DEVELCPMENT

In recent years, a nunber of techniques have emerged which are ainmed at
inproving information retrieval on the WW Amongst these techniques are
information filtering, collaborative browsing and infornation agents.

Information Filtering

The goal of an information filtering system is to sort through |arge
volume of dynamcally generated information and present to the wuser those
that are likely to satisfy his or her information requirenent (Newell,
1997). I nformation filtering was ori gi nat ed from the manual alerting
services that brought new information to the attention of wusers of special
interests. Wth the growth of the Internet and other networked information,
research in autonmatic information filtering has been on the increase in
recent years. UWing a filtering system a user does not need to search for
information using queries. Instead, the wuser specifies his or her interests



and the system nonitors the information sources to inform the user when
informati on of the required nature becones avail abl e.

Col | abor ati ve Browsing

Various studies show that when people search for information, the first
thing they wusually do is to ask other colleagues who have done sinilar

searching before  (Lockl ey, 1998). The existing browsing and searching
systens focus on technical infornmation discovery nmethods while neglecting
perhaps the single nost inportant nethod of discovery that people rely on -
ot her peopl e. Col | abor ati ve br owsi ng, sorret i nes al so know as soci al

resource  discovery, assumes the existence of ot her users  of sinmlar
interests who have |located and evaluated relevant resources. The goal of
collaborative browsing systens is to aggregate and share the fruits of the
i ndi vi dual activity and know edge of I nt er net i nfornation retrieval
(Twi dal e, 1998).

Intelligent Informati on Agents

Agent technology is originated from the branch of Artificial Intelligence
known as D stributed Atificial Intelligence. In recent vyears, it has grown
into a fast expanding research area. As any other new research field, there
are diverse definitions of the term agent. Here we want to quote a very

generic definition given by Janca (1995), “an agent is a software that
knows how to do things that you could probably do yourself iif you had
time”. There is a growing consensus in the Internet comunity that one of
the nost promsing solutions to the problem of I nt er net i nfornation

retrieval is the use of software agent technol ogy.

The main feature of an agent based WW is that information agents perform
the role of managi ng, mani pulating or collating information from many
distributed sources (Naana, 1996). Sone information agents have intelligent
features for exanple they can be nobile, can learn and can co-operate with
other agents. Mbile agents are able to roam the WWY interact wth WW
servers, gather information on behalf of their owler and return hone after
performng duties set by their wusers. The Ilearning ability of information
agents refers to the fact that they can react and interact wth external
environment and inprove their efficiency over time. Wile individual agent
is able to work on its own, a nunber of agents can co-operate wth each of
themperformng a role to achieve a coll aborative goal .

A though there is still scepticism considering software agent is just
another  buzzword, the initial developnent in this area offers pronising
potentials. The benefits of software agents approach incl ude:

More intelligent information search

More robust and flexible system
pportunity to incorporate domai n know edge
Per sonal i sati on

Better user collaboration.

CCOLLABCRATI VE CONSTRUCTI ON | NFCRVATI N NETWIRK

The (Collaborative Construction Information Network (CON is an on-going
project carried out at the University of Salford. The aim of the project is
to develop a valueadded gateway to the construction information network,
which facilitates collaboration between wusers for the benefit of inproved
information search and retrieval on the WW To achieve this aim the OJN
proj ect seeks:
to exanmine the infornmation needs of different types of wusers in the
construction industry;
to capture these information needs conceptually as user profiles and
i nformati on context nodel s;



to i ncorporate  construction donai n know edge into the i nfornation
net wor k;

to inprove the speed and accur acy of search for construction
information by developing an information network that facilitates the
sharing of search results and know edge;

It is acknow edged that the WW based infornation network wll remain a
distributed resource wth information hosted on many servers. The gateway
of this project seeks to provide a recognised starting point for the user
to search for information and a repository for shared know edge base that
helps the infornation search. Fgure 1 illustrates the architecture of the
Col | aborative Construction Information  Network. It shows a typical three
layer architecture wth the OJN servers playing the intermediary role
between the users (clients) and information suppliers (WWVservers).
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Figure 1. Collaborative Construction Information Network

The described information network consists of OGON servers and client
agent s. The OON client agent is a plugin package to standard WW

br owsers, such as Mcrosoft I nt er net Explorer and Netscape, to provide
additional functions. Ohce it is installed on a wuser’s conputer, the agent
will facilitate the communication wth the OJN server and provi de
intelligent information search and retrieval services. To achieve this, the
agent needs to gather information  of user profile, infornmation query
cont ext and information search  history. Part of this information is

communi cated to the OON servers to inprove the information search task of
the user comunity as a whole. The GOJN server, a collection of GJN
servers, is in essence a construction oriented WW search engine. It does



not host the original information docunents. |Its nain function is to natch

information sources to users search queries. There is one central Internet
OON server as a natural f ocal point for the Construction Information
Network. Individual organisations can also install their own local Intranet

GO N servers. These servers are organised in a |logical hi erarchy and
function seamessly together to provide a transparent and one- st op- shop
information search for both Intranet users wthin a conpany and the
i ndi vi dual I nt er net users. The | ocal OO N server provides search for
i nt ernal information whose circulation is confined wthin that particular
conpany. The central OON server provides search for public accessible
i nformati on sources.

QA N SERVER

The OON server is a know edge-based search engine for construction
users. Its main function is to mtch information sources to wusers search
queries. The key feature of the server is the franmework that enables

construction donain know edge and user know edge to be accumulated and used
in intelligent information searching. The server consists of the followng
conponents (Figure 2).
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Figure 22 OO N server and its interaction with client agents



Layered | ndex Mdul e

At the centre of the OON gateway server is an index nodule that consists
of three hierarchical layers. The top layer stores information of docunments
that have been accessed by users and communicated to the server through the
CAON client agents. The data are stored in a netainformation fornat
simlar to Jasper’'s Intelligent Page Store (IPS) (Davies, 1997). For each
WW page, the index nodule stores at least the following information
gathered automatically by the client agents wth a degree of user manual
i nput :

the docurent title

a sumary of the content

a set of keywords

a set of user profiles who reconmended the page

information type (product data, technical publication, news, project
data, etc)

users’ annot ati ons

uni versal resource |locator (URL)and,

- date and tine of storage or update

The mddle layer <contains an index of docunents located on known WW
servers which are nore likely relevant to the construction wusers interests.
These servers become known to the gateway server through two ways. (1) The
i nformation provi ders regi ster their servers explicitly. (2) Wien the
client agent submts a document to the top layer of the index nodule, the
host server becomes known to the gateway inplicitly. The OJN server agent,
a nobile information agent, visits all the known servers periodically and
gathers infornati on about docurents hosted on these servers.

The bottom layer of the index nodule covers nost of the accessible web
hosts on the Internet. dven the «constant growth of the Internet, the
gateway server does not store any docunents. Instead, it wll rely on a
Meta search engine to call upon other web search engines, e.g., Ata vista,
I nf oseek, etc.

The hi er ar chi cal | ayering implies t hat t he anount of i nformation
accessible increases as one noves down from the top to the niddle and the
bottom layers, but the average potential relevance to the wusers’ interests

decreases. The advantage of the layering approach is that it allows a user
to specify the scope and manner of a query. ne can raise a query just for
the IPS layer where nore criteria can be applied apart from keywords.
Aternatively, the wuser can nake a general query wusing enhanced keywords
supported by the server’s knowedge base to a wder index in the mdde
| ayer or even the whol e Internet.

A docunent’s position in the index nmodule is not fixed. There are
nmgration paths through which a docurent can be noved from one layer to
another as a result of wusers’ search and retrieval actions. For exanple,
when a docunent in the mddle layer is retrieved by a wuser, the client
agent wll communicate that fact to the server. The server wll wupgrade the
document to the top layer in the index nodule. On the other hand, if a
docurent in the top layer has not been used by any user for a period of
time (pre-defined threshold), the server wll degrade it to the niddle or
even bottom layer. The purpose is to ensure the efficiency of the index
system

Query Handl er

The task of the query handler is to handle nore conplex queries other
than rmerely keyword search. The existing web searching relies only on
keyword matching which often results in a large volume of documents wth a
hi gh proportion not rel ated to t he user’s interests. Thi s pr oj ect
investigates nore intelligent conversational query techni ques. It ains at
acquiring more know edge about the user and the wuser’s information needs so



that nore accurate queries can be fornulated. The system provides several
searching nethods of different levels of conplexity catering for wusers with

di fferent levels of conputer  conpet ence. It enables the end users to
perform information search in a variety of ways such as wusing information
concept, information types, user profiles, as well as the conventional
keyword nmethods. To achieve this, the OJN server needs to possess and
accumul ate  know edge  about its users and construction domain specific
i nformation.

Know edge Base

If the server knows nore about a wuser’'s information needs, it can provide
nmore accurate results for the wuser’'s search queries. The know edge base of
the OON server keeps information of three aspects that are construction
domai n specific.

Keywor ds: Keywor d based sear chi ng remai ns an i npor t ant et hod of
information retrieval on the WW Instead of considering it as a sinple
syntax conparison, the GON server identifies a set of keywords and
associates them with conceptual neani ngs. Rel ati onships between these
keywords are also analysed. As a result the server is able to support
concept based searching. For exanple, when a wuser elect to search for

information about “enclosing building elenent”, he/she can choose to
have extended the search to include sub-types “wall”, “w ndow, “door”,
“roof”, or associ ation-types “building material”, “ conponent product”,

etc. These keywords are identified based on recent data and processing
model ling works of other research projects and the common classification
standards used in the industry.
User profil es: A user profile articulates the features and the
information needs of a distinctive type of wusers. The OJN server has
general profiles for the common types of construction information users,
such as architects, engi neers, project nanagers, resear chers, academ cs,
etc. The OON users can choose one or a conbination of these profiles
for their searching query. They can also derive personalised profiles
based on these general ones.
Context: Context is a description of the purpose behind a wuser’s search
for information. It may be about stages of the construction process,
design tasks or a research topic area. The OG scoping study identified
the information requirenents of construction professionals during each
stage of the construction project Ilife cycle (PE GConsulting, 1996). It
can be wused as a framework to organise the construction infornation
query and retrieval.

The know edge base is populated at the server set up stage. The server

also has the ability to learn from its interactions with the client agents.

The know edge base is updated constantly.

Docunent | nterpreter

Wien a wuser retrieves a docunent of interest, the client agent installed
on the wuser’'s conputer extracts sone information about the docunent, such
as the title and a set of keywords. This infornmation is stored locally in
an Intelligent Page Store (IPS) format. A the same tine the client agent
sends it to the COON server together with the wuser profile infornmation and
its context. The Docunent Interpreter on the server is responsible for
processing this information and storing the docunent sunmary in the index
nmodul e and updati ng the know edge base if necessary.

I ndex Agent

This is a nobile information agent. |Its function is to traverse the list
of known WW servers and build up an index for all the docunents on these
Servers. It has t he ability to handl e di fferent data fornats, HTML



docunent s, postscript files, conpressed files, databases, etc. In the case

of interaction wth databases on a third party server, m ni num  hunan
involvenent may be required for the interpretation of the data structures
until industry w de data standards are universally adopted.

Met a- Sear ch Engi ne

If a user wants to expand the scope of search to the whole Internet, the
meta-search engine routes the query to other general purpose WW search
engines, such as Ata Vista, Infoseek, etc. In this event, the OJN server

still uses the local knowedge base in processing the search results so
that the returned docunents can be appropriately ranked according to their
si gni fi cance. In the [last few years, sever al neta-search engines have

energed, one of themis the MetaQraw er (1999).

QO N QLI ENT

The CGON client agent is inplemented as a plug-in package to standard WW
br owsers, such as Mcrosoft I nt er net Explorer and Netscape, to provide
additional functions. It is available for free to the wusers. |Its min

purpose is to nmonitor the user’'s information retrieval activities and
comuni cate with the GO N servers with the explicit permssion of the user.

User Profiler

Wien a user is connected to the CON server, he or she is presented wth
a collection of  built-in wuser profiles characterising the min type of
users related to the construction industry. Each profile is associated wth
a set of keywords and infornmation context, and can be used as independent
key for formulating queries. The wuser can select one or nore standard
profiles according to his/her interests. The user’'s profile is further
personalised during the process of querying. The local conputer stores the
personal profile.

Cont ext

There is always a reason behind a wuser’s search for information. The
reason could be performing a design task, witing building specifications,
doing research on a particular topic, and so on. The context seeks to use a
structured framework to capture know edge of this aspect. It is another
channel for col laborative information search. For exanpl e, a user can
request for docunents associated wth a stage or related stages of the
context. Simlarly, the OJN server has an initial built-in context nodel
that will be nodified with constant input fromthe client agents.

Intelligent Page Store (IPS)

This is a local repository facility for the end wuser providing enhanced
storage which is nore conprehensive than the existing WW browser’s
bookmarks  function. I't helps the user to organise downloaded |nternet
docurments for quick recall in the future. It adopts the same structure as
the IPS | ayer of the GO N server |ndex Mdul e.

GONCLUSI ONS AND FUTURE WORK

The emergence of the WW as a global information network brings with it a
nunber of chal | enges for hel pi ng non-t echni cal users to retrieve
information effectively. A nunber of characteristics of the WW nmakes the
information retrieval task difficult. The WW is a very fragnmented network
with nillions of information providers and even nore wusers. It is very
difficult to enforce any wunified classification schemes over the WW The



contents of the WW are constantly changing, new materials are being added
and existing nmaterials are being renoved or nodified. This paper reviewed
the two current types of WW infornation search and retrieval solutions,
information gateways and search engines. As the WW continues to expand and
more and nore conputer naive users begin to rely on it for information,
nore effective information retrieval tools are required.

OON discussed in this paper is an ongoing project. It takes advantage
of the ener gi ng t echnol ogi es in i nformation filtering, col | aborative
browsing and information agents. The mnain contribution of the project is
the user collaboration aspect and the inclusion of construction donain
know edge and wuser profiles. For exanple, when a wuser supplies a keyword
“window to the GOON server, the server has the knowedge to qualify the
query as “window in the building context not in the conputing context as

“Wndows 95”. The QON system does not seek to replace the existing
information gateways and search engines. Instead it conplenents the current
sol utions and works together with them

The system is still in its developnent stage. Wser testing will be
conducted when it is fully inplemented. Several nontechnical issues wll
need to be addressed such as the wuser privacy, information ownership and
generation of critical mass of users. Like other collaborative systens,
GO N relies on the co-operation of its wusers. It needs to nonitor and
gather information about the wuser’'s WW query activities. Ways need to be
found to overcone the comon fear of intrusion on wuser privacy. In the
construction  donain, a large anount of information is owed by the
traditional information providers, many of them offer commercial on-1line

information services. Wile OJN does not need to dispute the information
ownership with these providers, it needs to get access or to nmake interface
arrangenments with their indexing services. To achieve the benefits of the
OO N system a sizeable nunber of wusers is required. It is a challenge at
the initial phase to generate sufficient interests anongst the targeted
users.
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