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Abstract: In this paper, we present DIAMS, a system of distributed, collaborative agents

to help users access, manage, share and exchange information. A DIAMS personal agent

helps its owner find information most relevant to current needs. It provides tools and

utilities for users to manage their information repositories with dynamic organization and

virtual views. Flexible hierarchical display is integrated with indexed query searchto

support effective information access. Automatic indexing methods are employed to

support user queries and communication between agents. Contents of a repository are

kept in object-oriented storage to facilitate information shari,ag. Collaboration between

users is aided by easy sharing utilities as well as automated information exchange.

Matchmaker agents are designed to establish connections between users with similar

interests and expertise. DIAMS agents provide needed services for users to share and

learn information from one another on the World Wide Web.
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Introduction

The Internet revolution has made a wealth of information resources available for direct and easy

access on the user's desktop. However, finding appropriate information has become a significant

problem for many users. Organized information spaces are easier to search, but finding or

authoring these are difficult. Our research focuses on three areas which require significant

technological advances: (1) finding information relevant to users' needs; (2) organizing

information for facilitating access in various contexts; and (3) collaborative information

management and learning.

Current WWW search engines allow users to locate information of interest, but often return vast

amount of irrelevant information. On-line centralized catalogs (like Yahoo) provide more

relevant and well-organized information, but are not customizable to individual users needs.



More recentinformation discovery and filtering technologies attempt to provide relevant

information to users by learning from their previous queries or from other users' queries and

feedback (Balanovic, 97) (Moukas, 97). Yet users need an easy way to access information

relevant and adapted to their current task and interest at any time.

Once relevant information is found, pointers to it must be locally organized and stored in a

manner that allows rapid and effective access for both individuals and workgroups. Current

personal information organizing schemes on the WWW are mostly limited to bookmarks (also

called hotlists, or favorites). Bookmarks provide an easy way to organize URLs in a hierarchical

manner, and to attach personal comments to them. Although clearly superior to unstructured

lists, hierarchical folder organization forces users to think in terms of a neatly decomposable

structure consisting of disjoint clusters of related URLs. However, a single piece of information

is often relevant in multiple ways, and thus is not easily categorized within a single folder. We

conjecture that no single static structure will be appropriate in all contexts. With hierarchical

schemes, navigational access to information can be tedious and frustrating when information is

nested several layers deep. Therefore current bookmarking schemes are monolithic, can be

tedious to navigate, and cannot be easily shared with other users. Recent approaches to organize

information at the level of collections of documents rely on metadata standards (W3C Resource

Description Frame_,ork ), which require additional authoring effort from Web pages authors, and

only support contexts of use anticipated by the author.

There is also a critical need for tools supporting collaboration among distributed users with

similar interests, or who are part of the same workgroup. Individual users can author and publish

Web pages containing lists of related links. Some of them can be quite sophisticated, organized

under single categories, or in tables with multiple categories. However it takes time to author and

maintain these lists in a textual format. Sharing a common repository of information is a first

step, but doesn't scale up to large distributed and informal groups. Collaborative tools themselves

need to be distributed and dynamic, and support collaborative learning and discovery of

information.

In this paper, we present DIAMS, a prototype multi-agent service aimed to help users access and

organize online information, and to facilitate sharing and exchange of structured information

among users.

DIAMS

DIAMS is a system of distributed intelligent agents designed for collaborative information

management, sharing and exchange on the World Wide Web (WWW). The system is designed



to helpaWWW userfind neededinformationfrom his/herpersonalcollectionof URL links,as

well asfrom otherremoteresourcesand/orcollectionsof resources.Ideally,thesystemwill find
a minimal setof informationmostrelevantto theuser'scurrentneeds.In asense,thesetwo

desirablecapabilitiescorrespondto recallandprecision,thetwo standardmeasuresof
effectivenessin traditional informationretrieval.Recallis theproportionof relevantmaterials
retrieved,whereasprecisionis theproportionof retrievedmaterialsthatarerelevant (Salton,
88). With theabundanceof informationavailableon theWWW, it hasbecomeincreasingly

moreimportantto haveinformationaccesstools thatcanattaingoodresultsin bothmeasures.In
practice,unfortunately,it isvery difficult to achievebothhighrecallandhighprecisionat the
sametime in mostsituations.

To addressthisproblem,DIAMS focusesonaccessingandsharinginformationin adistributed
environmentof personalor groupinformationrepositories,controlledandmanageddirectly by
users.DIAMS doesnot intendto provideWWW userswith informationstoredin hugeand
complexpublic repositoriesor portals,asis donewith Yahooor searchengineslike Lycos.
Instead,DIAMS informationagentsaredesignedto provideefficient toolsfor their usersto
manageandsharehighquality, well-organizedlocal informationrepositoriescustomizedfor
individual needs.DIAMS agentsareto provideinformationservicescomplementaryto thatof
existingresourceson theWWW.

DIAMS providesmorethanservicesfor stand-alonelocal informationrepositories;it is designed
to facilitatecollaborativeinformationmanagement,sharingandlearningamongdistributed

repositoriesof knowledgeableuserswith similar interests.Informationis constantlychanging,as
areuserneeds.No singleusercanalwaysmaintainthemostupdatedinformationlinks.Portals
on theotherhandcannotmaintainthebestinformationorganizationto fit all differentusersat
different time. In orderto supportcollaborativeinformationmanagementandsharing,DIAMS
providesutilities to helpuserslearnaboutandmakeuseof otherusers'collections.DIAMS also
providesfor activepushingof usefulinformationto otherusersto facilitateinformation
exchange.

DIAMS incorporatesa multi-agentarchitectureto helpusersaccess,organize,shareandlearn
informationon theWWW. Amongseveraldifferenttypesof informationagentsemployed,
personalagentsaretheonesthatwork mostdirectlywith usersto helpsupportthepresentation,
organizationandmanagementof userinformationcollections.A DIAMS personalagenthelpsits
ownermanagetheir informationrepositorywith dynamicorganizationadaptableto current
needs.Flexiblehierarchicaldisplayis integratedwith indexedquerysearchto ensureeffective
informationaccess.Contentsof a repositoryarekept in object-orientedstorageto facilitate
informationsharing.Collaborationbetweenusersis aidedwith matchmakers.Communication



betweenagentsissupportedwith automaticindexingmethodsin informationretrieval.

componentsandrelatedinterfacefeaturesarepresentedin thefollowing sections.

These

Access and Management of Information Repositories

Like most WWW browsers' bookmarking facilities, a DIAMS personal agent maintains a

collection of URLs for its owner. An agent supports object-oriented organization of its

information contents, and provides dynamic hierarchical display of any parts of the organization.

Information access and manipulation features are embedded in a friendly graphical interface.

This graphical interface is also combined with powerful query search functionalities to ensure

quick and effective access.

Dynamic Organization and Virtual Views

DIAMS supports dynamic hierarchical organization of a collection of information by

incorporating multiple indexing categories. A DIAMS category is both a folder for storage of

information contents, and an index for search and communication. A category can contain URLs

and/or other categories. It can also contain external categories from collections of other personal

agents. A category can be at any level of a collection hierarchy. It can be a member of several

parental categories, thereby appear in multiple positions within a hierarchy. A category can even

be nested within itseii" if needed. Users can create and edit their collections of categories and

URLs. They can change and manage the structure and order of collection contents with drag and

drop interaction and menu options. They can also optionally assign weights to categories or

URLs with respect to their parental categories, to enhance query performance.

A category does not have to be displayed in the collection hierarchy. The hierarchical display can

be narrowed or expanded. Large collections can be made more tractable by hiding portions

irrelevant to the current task. Hidden sections can be easily restored. Users can view the whole or

part of a collection, or combinations of sections of multiple collections. Users can name and save

a particular hierarchical display as a "virtual view". They can later display or modify particular

views for different usage. Actual changes to the collection folders and contents will be reflected

correspondingly in these saved views.
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Figure 1: DIAMS User Interface

Figure 1 shows DIAMS main user interface for organizing and browsing personal and other

users' collections of URLs. The left pane, Forest View, displays a current view of the contents of

the owner's personal collection, which may include selected parts of other users' collections. A

different color scheme can be assigned for each user's collection contents.

The upper right pane displays the Parentage View of folders or URLs selected from the left pane.

The display order of the parents-children relations in the Parentage View is the reverse of that of

the Forest View. Since an URL or a category may have multiple parents, its parentage view can

be used to further display forest views of different parent folders. The parentage view also

provides the user an easy way to create or follow links to folders owned by other users, yet

categorized within this user's own collection.

The lower right pane, the Categories, displays all categories in the owner's local collection. The

list can also be extended to display external categories associated with the external collections

displayed on the left. This list of categories can be sorted by name or size of contents, or



searched by string matching, it provides analternative way for users to find needed categories

for view or query.

Object-based Information Structure

Information structure of a DIAMS repository is object based. Although the information

collection of a personal agent is customized and maintained for its owner, it is likely that a good

portion of the collection is composed of links to external information objects of other DIAMS

agents. Users can easily select and make connections to any combination of information objects

or structures of objects from accessible parts of another repository. The capacity to incorporate

existing sub-collections from other repositories promotes rapid construction of useful

information collections. Sharing of information objects also helps make updating information

easier and minimizes storage. As we will present in later sections, a DIAMS personal agent

provides means for its user to locate and access external information repositories. It also provides

utilities for the user to make easy suggestions to the owners of external repositories for possible

updates if needed.

The information repository of a DIAMS personal agent is customized for its owner. This

customization process is made easy by utilizing not only the user's own collection of URLs, but

also a distributed collection ,of information objects from the existing repositories of other

knowledgeable users. When used within a company or an institution, a user's DIAMS repository

is typically initialized with subsets of standard collections maintained by group agents

specialized in some particular information areas on an intranet. A DIAMS user is also

encouraged to incorporate information objects of DIAMS repositories on the WWW from remote

experts with similar knowledge and interests.

Query and Indexed Access

Instead of browsing or searching through views of collections, users can also retrieve needed

information directly through queries. Queries are composed of categories and/or index keywords.

Index keywords are text stems extracted from URL pages in a collection. Periodically a DIAMS

personal agent runs a background batch process to visit URL pages in the collection, and runs an

automatic indexing routine to extract index keywords from these pages. The indexing routine is

composed of standard information retrieval procedure.'Stopwords are filtered from the text and

the remaining words are stemmed. The conventional information retrieval measure of term

importance, TF*IDF (term frequency and inverse document frequency) is used to weigh

keywords extracted from documents. The personal agent then maintains a fixed number of

keywords of highest weights associated with each category, for indexed query and between-

agent communication.



To calculatethemeasureof term importance,adocumentunit needsto be defined at different

levels of a D[AMS collection hierarchy. For a URL, the page contents and the contents of pages

linked from that page are considered a document. For a category, the combination of its first

level contents is considered a document. To calculate the inverse document frequency, the set of

documents is by default defined as the entire collection of pages maintained by a personal agent.

The current implementation also supports a second algorithmic option, in which the importance

measures of keywords within a category are taken with respect to its parent category, i.e., the

parent category is taken as the set of documents in the measure calculation. The employment of

this algorithmic option renders a nested hierarchy of index keywords corresponding to the

hierarchy of categories. Since a personal agent can only maintain a limited number of index

keywords for each category, a nested hierarchy of indices accommodates less redundant

information and gives better retrieval accuracy. However, the algorithm requires larger

categories with more contents to generate more accurate statistics, hence is more suitable for

large and complex group agent collections.

Some URL pages contain binary code or graphical objects instead of word sequences, from

which index information cannot be extracted. Although these pages are not legible to DIAMS

agents, they can still be categorized by users. A category containing both text and binary pages

can be associated with keywords extracted from the text pages. Users can also enter keywords or

paragraphs in DIAMS profiles associated with categories and/or URL pages.

A query composed of categories is translated into a set of weighted index keywords. These

keywords are then used to retrieve relevant categories and/or URLs within a collection. A query

can be sent to different remote agents to retrieve relevant information. A query can also be issued

upon the user's own collection, in which case the personal agent will return not only the

categories specified within the query, but also other related categories and URLs within the

collection.

Collaborative Information Sharing with Multi-Agents

DIAMS employs a multi-agent architecture to help users access, organize, share and learn

information collaboratively on the World Wide Web. Several types of information agents are

involved. Among them, personal agents are the ones that work most directly with users for the

presentation and management of user information collections. Personal agents work closely with

one another for collaborative information sharing and exchange. They also work with other types

of information agents in DIAMS, which provide different kinds of services. The functionalities

of these different agents and the relations among them are introduced in this section. A typical

scheme of collaboration between agents is shown in figure 2.



I I
/ _ _ ./" / update own into

/ Send _ _ Send query to B w/A's/_,_ Return B's infi, rmalion

/ query _ own rela_/ related to query

/ \ _ ./'/" Process query & update

/ _ow_ k0owl_go \ \ // _,,_k.owl_ge abou,

'_Retura info abou, agentswith re, evant knowledge about qu¢_I A,0., ]

Fimire 2: Collaboration In DIAMS

A DIAMS user can visit other users' repositories through his/her personal agent. One can also

include structured information objects from external repositories in one's own collection. Access

to other users' repositories is done through "behind the scene" categories search and translation

between agents. External information objects can be displayed in different colors specified by

owner of local agent. Read or write protection from self, group or web can be set at the level of

categories within a repository.

Information Exchange between Agents

Collaborative information sharing and learning among users is further supported by automated

information exchange. Personal agents exchange information with one another. When a user

query is directed to an external agent, the user's agent sends not only the query information, but

also sends with the query its own query matches, i.e., its information contents related to that

query. The receiver agent, in addition to responding to a query, has several options to handle

extra information that comes with the query. The agent can just ignore the incoming information;

it can automatically process the new information and place them into appropriate categories

within its own collection; it can also keep the information in a temporary space and leave the

handling decision to its owner. The user dictates which method will be used in a setup procedure.

The temporary space is categorized under both a top level temporary category, and other local

categories rendered most appropriate for the information contents. Thus the owner of that agent

can handle incoming information of all or any particular categories of interests at any time.

Incoming information that has been stored in temporary space over certain time or space limits

will be removed automatically.



Sincemanycategoriesof apersonalagentarecreatedby its owner,theyareoftennotknown to
otheragents.As describedin aprevioussectiononqueryandindexedaccess,indexkeywords
areusedto facilitatecommunicationbetweenagents.Eachpersonalagentmaintainsa setof most
useful indexkeywordsextractedfrom its collectionof documents.An agentalsokeepstrackof

therelationsbetweenthekeywordsandits categories.Thekeywordsprovidelanguage
commonalityfor communicationbetweenagents.

Matchmaker Agents

An important issue regarding collaborative information exchange between users is the possibility

to attain knowledge about other users and the ability to find and access the most appropriate

ones. A DIAMS matchmaker agent is designed to facilitate collaboration. A matchmaker

maintains information about personal agents. Its internal configuration and interface

functionalities are very similar to that of a personal agent. However, instead of maintaining a

structured information repository about URLs, a matchmaker keeps an indexed collection of

personal agents. When responding to a query, a matchmaker provides the inquirer withlinks

pointing to other agents, which may carry information most relevant to the query.

Similar to the information exchange protocol between personal agents, communication between

a matchmaker and a personal agent is also bi-directional. When communicating with a

matchmaker, the inquiring personal agent brings along with the query a set of categories and

keywords representing its current information collection and main interests. A matchmaker agent

thereby both learns and provides information about the repositories of visiting personal agents.

A user can inquire a matchmaker with a query to look for relevant repositories. The user can then

select the repositories of interests from the result list and issue the query to the remote agents.

Users can also query through a matchmaker for direct return of categories and URLs. Users can

include useful external categories in their own collections. They can also keep track of personal

agents of most interests for future access. A DIAMS interface example with a query pane and

direct query results through a matchmaker is shown in figure 3.
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Figure 3: The DIAMS Query Interface

Other Current and Future Agents

DIAMS provides several other kinds of agents to facilitate communication and collaboration.

Among them, a group agent is the most generally useful. A group agent is very similar to a

personal agent, but maintains a common information repository shared and managed jointly by a

group of users. A group repository often requires more customization and needs to handle

concurrent multi-user access and updates. D[AMS also supports various utility agents to import

and export WWW browser bookmarks, to access dictionaries and thesauri, and to translate

between DIAMS categories and URL files.

The knowledge agent is an important part of DIAMS currently under development. A personal

agent can maintain its own miniature knowledge base to help organize and manage its collection.

A larger knowledge base with more complex semantic relations can be stored in a knowledge

agent in DIAMS. Knowledge agents can carry expertise in various special domains. They are

usually customized by domain experts, but can also learn new information from their visitors.

Personal agents can import knowledge structures and/or commonly used categories from these



knowledge agents. Knowledge agents are also used to expand queries to include more elaborate

descriptions for better communication between agents. _

Collaborative Learning

DIAMS is designed to encourage collaboration among users. A personal agent helps its owner

customize the personal information repository for his/her own needs to ensure the most effective

access and management. Personal agents also facilitate collaboration between users through easy

browsing, sharing and learning of structured information objects, which carry essential

knowledge from their creators and editors. Users Can learn from other users with similar interests

or expertise. Users are also supported with active information pushing from personal agents to

promote collaborative learning of new information and exchange of knowledge. DIAMS agents

provide needed functionalities for their users to share and learn information from one another.

Summary

We have presented DIAMS, a system of distributed agents that provides services for users to

access, manage, share and learn information collaboratively on the World Wide Web. The

system is designed to help web users find most needed information from local and/or remote

repositories. It incorporates a multi-agent architecture to facilitate information sharing and

collaboration. A DIAMS personal agent provides tools and utilities for users to manage their

information repository with dynamic organization and virtual views. Object-based structure is

used in information repositories to promote easy information sharing and exchange. Flexible

hierarchical display is integrated with indexed query search to help ensure effective information

access. Automatic indexing methods are employed to support translation between user queries

and communication between agents. Collaboration between users is both aided by easy sharing

of information between users, and facilitated by automated information exchange. Connections

between users with similar interests and expertise can be established with the help of

matchmaker agents. The system also incorporates other utility agents providing needed services.

DIAMS is designed to encourage collaboration among users. DIAMS agents provide needed

services for users to share and learn information from one another on the World Wide Web.
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