Building a Net w ork Comm unit y Supp ort System on the Multi-Agen t Platform Shine Sen Y oshida, Ko ji Kamei, T ak eshi Ohguro, Kazuhiro Ku w abara, and Kaname F unak oshi NTT Comm unication Science Lab oratories f yoshida,kamei,ohguro,kuwabara,kf g @cslab.kecl.ntt.co.jp Abstract. An increasing n um b er of applications ha v e b een dev elop ed for supp orting net w ork comm unities. The authors ha v e dev elop ed Com- munity Or ganizer , whic h supp orts p eople in forming new net w ork com- m unities b y pro viding places where p eople sharing in terests and concerns can meet and comm unicate. The authors are also dev eloping a platform named Shine to reduce the tasks needed to implemen t a v ariet y of net- w ork comm unit y supp ort systems suc h as Comm unit y Organizer. Shine has a m ulti-agen t arc hitecture b ecause it is e�ectiv e for net w ork comm u- nit y supp ort systems that ha v e to adapt to dynamic c hanges in comm u- nit y organizations. This pap er explains b oth Comm unit y Organizer and Shine , and then giv es a description of building Comm unit y Organizer on top of Shine . 1 In tro duction With the adv ance of public comm unication net w orks suc h as the In ternet, a new t yp e of comm unit y , called a net w ork comm unit y or a virtual comm unit y [18], is b eginning to emerge on the net w orks. Mem b ers in a net w ork comm unit y activ ely and in timately comm unicate with eac h other b y using e-mail, electronic c hat ro oms, bulletin b oard systems, and so on. F urthermore, a m ultitude of pro jects are dev oted to dev eloping systems to supp ort comm unications esp ecially in net w ork comm unities [7]. These systems are called so cialwar e [5]. The authors ha v e dev elop ed Community Or ganizer to supp ort p eople in forming new net w ork comm unities b y pro viding places where p eople sharing in terests and concerns can meet and comm unicate. The authors are also dev eloping a platform named Shine [23] to reduce the tasks needed to implemen t a v ariet y of so cialw are application programs suc h as Comm unit y Organizer. Shine has a m ulti-agen t arc hitecture b ecause it is e�ectiv e for so cialw are that has to adapt to dynamic c hanges in comm unit y organizations. W e explain Comm unit y Organizer in Section 2 and Shine in Section 3. W e then giv e a description of building Comm unit y Organizer on top of Shine in Section 4. C. Zhang and V.-W. So o (Eds.): PRIMA 2000, LNAI 1881, pp. 88{100, 2000. c Springer-V erlag Berlin Heidelb erg 2000

Building a Net w ork Comm unit y Supp ort System 89 Fig. 1. Sample screenshot of Comm unit y Organizer (Japanese v ersion) 2 Comm unit y Organizer Unlik e traditional comm unities where geographical and institutional prop erties de�ne the b oundary of the comm unit y , most net w ork comm unities are c om- munities of inter est [6], whic h consist of p eople who share common in terests. Considering this c haracteristic of net w ork comm unities, Comm unit y Organizer regards p eople sharing in terests as mem b ers of a p oten tial comm unit y and pro- vides them with a place where they can meet and comm unicate. Figure 1 is a sample screenshot of Comm unit y Organizer. Comm unit y Orga- nizer displa ys represen tations of p oten tial comm unit y mem b ers and comm uni- cations among them. Comm unit y Organizer has as its main feature a view panel that visualizes the relationships among users in real-time [5, 22]. A user is represen ted as an icon in the view panel. Its placemen t in relation to others re ects the closeness of users’ in terests. A user’s in terest is represen ted as a k eyw ord v ector, whic h is a set of pairs of a k eyw ord (e.g., ‘tra v el’ or ‘fo o ds’) and a n umerical v alue (i.e., the degree of his/her in terest in the k eyw ord). The system calculates the degree of closeness for eac h pair of k eyw ord v ectors from the cosine measure

90 S. Y oshida et al. [19] and places icons on the view panel using a ph ysically-based mo del adopted from Ref. [1]. As a result, icons with similar k eyw ord v ectors are placed closer to eac h other. By observing ho w icons are distributed, a user can en vision p oten tial comm unities of in terest. The cen ter p oin t of the view can b e set b y the user. The cen ter p oin t has its k eyw ord v ector to o, and the user can determine its v alues b y adjusting the slide bars next to the view panel. The placemen t of the icons will c hange according to the p ositions of the slide bars. This function enables users to lo ok around the displa y to �nd p oten tial comm unities. In addition, a user can easily express his/her in terest to other users b y placing a new icon represen ting the user in the cen ter of the view panel. The newly placed icon has the same k eyw ord v ector as that of the cen ter p oin t. Consequen tly , it will app ear on the displa y of other users whose slide bars’ p ositions are similar to those of the placing user. A user can place m ultiple icons on di�eren t p ositions, whic h allo ws him/her to participate in m ultiple comm unities. Comm unit y Organizer in tegrates a comm unication function with this visu- alization function. This is done b y pro viding an in terface that allo ws a user to attac h his/her message to an icon. Other users can read the message b y clic king the icon, and reply to it b y placing a new icon on a closer p osition and attac h- ing a reply message to it. This in tegration of the visualization function and the comm unication function pro duces a utilit y that is quite suitable for mem b ers of a comm unit y of in terest. W e ha v e conducted a psyc hological exp erimen t to explore the e�ect of Com- m unit y Organizer’s spatial represen tation [8]. The results indicate that this t w o- dimensional represen tation enhances comm unit y feelings of the users more than one-dimensional represen tation that simply displa ys a list of users in decreasing order of the closeness. 3 Shine : A Multi-Agen t Platform for Net w ork Comm unit y Supp ort Systems In this section, w e explain Shine , a m ulti-agen t platform for net w ork comm unit y supp ort systems that the authors are dev eloping [23]. It is easy to think of man y applications for supp orting net w ork comm uni- ties. There are applications that supp ort exploitation of the merits of forming comm unities. Suc h applications include: { Circulation of information via w ord-of-mouth h uman net w orks, suc h as rec- ommendations and collab orativ e �ltering [20]; { Arrangemen t of informal, suggestiv e or creativ e con v ersations, suc h as brain- storming sessions [4, 11]; { Establishmen t of e�cien t collab orations for dev eloping resources suc h as op en source soft w are or databases; and { Arrangemen t of lo calized and informal economic activities lik e auctions [10] and ea mark ets.

Building a Net w ork Comm unit y Supp ort System 91 There are also applications that supp ort comm unit y formation, main tenance, and ev olution. F or example: { Arrangemen t of e�ectiv e encoun ters and supp ort for b ecoming a w are of p o- ten tial comm unities [15, 22]; { Main tenance of in timacy and comm unit y feelings [17]; { Co ordination of con v ersations [12, 13] and collab orations; and { Planning for the establishmen t of individual iden tities in comm unities. While w e can think of a v ariet y of net w ork comm unit y applications, certain functions are commonly required b y these applications. These functions include: { Dynamic adaptation to acquain tance relations or group formation; { Analysis of eac h p erson’s features, role, and situation within a comm unit y; { Analysis of a comm unit y’s comprehensiv e features; { An in terface that links a user’s comm unit y feeling to a system’s logical in- formation; and { Flexible comm unication utilities. A t presen t, ho w ev er, there is no platform that can pro vide these common functions. Consequen tly , most net w ork comm unit y supp ort systems are dev el- op ed as indep enden t systems. Therefore, there is no co op eration among applica- tion programs or sharing and reuse of program comp onen ts. F or this motiv ation, w e are dev eloping a platform named Shine as a common base for v arious net w ork comm unit y applications. In the follo wing subsections, w e examine the design of the platform’s arc hi- tecture. 3.1 Multi-agen ts for Net w ork Comm unit y Applications A net w ork comm unit y has the adv an tage of pro viding comm unication capabili- ties to an actual comm unit y that are op en and free from geographical or temp oral constrain ts. Ho w ev er, this op enness brings the di�cult y of gate k eeping. Because p eople are unable to deal with to o m uc h information or to o man y other h umans, they tend to lose the prop er p ersp ectiv e for acting or hesitate to act and end up isolated in a h uge mass of strangers. Unfortunately , most of the net w ork comm unit y supp ort systems a v ailable to da y do not attempt to tac kle this gate k eeping problem. They w ere designed as clien t-serv er (CS) systems, whic h assume that a single host mac hine serv es thousands or millions of clien ts accessing from an ywhere on the In ternet. In this arc hitecture, the serv er program holds a h uge database, in whic h the p ersonal information of all users is stored and from whic h it is retriev ed. The quan tit y of suc h a system’s users group is b ey ond the h uman capabilit y to dev elop com- m unit y feeling. Or otherwise, in case there w ere a lot of sites that serv es small n um b er of p eople, eac h user’s c hance to enlarge his/her acquain tance relation is restricted. In real so ciet y , p eople meet unkno wn others b y mediating or in tro ducing themselv es. Consequen tly , they exibly c hange their acquain tance relations and

92 S. Y oshida et al. Fig. 2. P ersonal agen ts reorganize their comm unities. Humans do these tasks of gate k eeping in a quite decen tralized and co op erativ e w a y . This decen tralized gate k eeping mec hanism used in real so ciet y can also w ork e�cien tly in net w ork comm unities. Therefore, in Shine , w e adopt a m ulti-agen t arc hitecture. In our approac h, the con trol mec hanisms and data for h uman relations are distributed to eac h p erson. Namely , the Shine system pro vides eac h user an agen t that is dedicated to the p erson’s so cial in teractions as sho wn in Fig 2. A Shine agen t exc hanges p ersonal information with other agen ts, and they all collab o- rativ ely p erform the necessary actions suc h as mediation or self-in tro duction to dynamically c hange comm unit y formation. When w e in tro duce mediation mec hanism to Shine , w e m ust consider priv acy con trol mec hanism. F or example, when agen t a tells a priv ate issue to agen t b , and a w an ts b not to tell the issue to an y one else, it m ust b e forbidden for b to tell it to an y one. Shine will pro vide this kind of priv acy con trol mec hanism in future. 3.2 In ternal Structure of a Shine Agen t Figure 3 sho ws an o v erview of a Shine agen t’s in ternal structure. In a Shine agen t, there are sev eral mo dules, i.e., P erson Database, Planner, P ost, and the user in terfaces of application programs. P erson Database The P erson Database holds data on others and the user whom the agen t is asso ciated with. These data are appropriately circulated via comm unication among agen ts. T o analyze a p erson’s features, role, or situation in a comm unit y systemati- cally , a net w ork comm unit y application has to adopt a kind of user mo del. By follo wing a sp eci�c user mo del, the application can store data on the attributes and status of a p erson in to a database and then use the data for analysis. One of a n um b er of user mo dels can b e used dep ending on ho w it regards a h uman. F or example, when a user mo del considers a h uman to b e a kno wledge source, it can describ e the p erson in a kno wledge represen tation language [16].

Building a Net w ork Comm unit y Supp ort System 93 Fig. 3. In ternal structure of Shine agen t T o roughly represen t a p erson’s in terests, k eyw ord v ectors of the v ector space mo del are suitable [22]. In addition, there is a metho d that describ es comm uni- cation en tities as state transition systems to mo del eac h p erson’s situation and con v ersation o w [21]. Eac h curren t net w ork comm unit y supp ort system uses a suitable user mo del. F or Shine to ac hiev e co op eration among application programs and the sharing of soft w are comp onen ts in application dev elopmen t, it has a generic arc hitecture that can pro cess v arious user mo dels in a uni�ed w a y . Moreo v er, it can handle m ultiple user mo dels sim ultaneously . An application programmer mak es his/her o wn user mo del in a st yle that Shine accepts and installs it in the Shine system. Shine also pro vides a library of p opular user mo dels suc h as the v ector space mo del. Practically sp eaking, P erson Database is an ob ject-orien ted relational database (Fig. 4). P ersons are stored in a table, whic h has a n um b er of attributes concern- ing the user mo dels used. F or example, ‘agen t id,’ ‘name,’ ‘birth date,’ ‘in terest,’ etc. are though t of. Eac h line of the table represen ts a p erson and the agen t that the p erson is asso ciated with. Some attributes of the table are key attributes used for iden tifying a p erson from a v alue. F or instance, ‘agen t id’ is a k ey attribute, and its v alues are used as the addresses for in ter-agen t comm unication. W e adopt an ob ject-orien ted database so that w e can store not only simple strings or n umeric v alues but also structured ob jects in to a table. F or example, w e can mak e an ‘in terest’ attribute whose data are k eyw ord v ectors, i.e., sets of pairs of a k eyw ord string and a n umeric v alue. W e can also mak e a ‘mailb o x’ attribute, whose data are collections of mails receiv ed from corresp onding p ersons.

94 S. Y oshida et al. Fig. 4. P erson Database P erson Database has an ev en t generation function. When an attribute v alue of a p erson is added, c hanged, or remo v ed, an ev en t o ccurs. Other mo dules suc h as Planner observ e o ccurrences of these ev en ts, and do appropriate actions in resp onse to them. This ev en t noti�cation mec hanism enables co op eration among m ultiple mo dules and federation of m ultiple applications. In most m ulti-agen t systems, although an agen t holds and handles informa- tion on other agen ts, it isn’t conscious that a set of agen ts, or p eople whom the p ersonal agen ts are asso ciated with, comprise a comm unit y . A net w ork com- m unit y supp ort system, ho w ev er, alw a ys uses information on the comm unit y . Therefore, a Shine agen t needs a exible framew ork for dealing with information on not only eac h agen t but also a comm unit y of agen ts.

Building a Net w ork Comm unit y Supp ort System 95 Fig. 5. Channel T o handle comm unities, a Shine agen t de�nes for eac h comm unit y a p erson set , and pro vides op erations for dealing with a set of p ersonal information. A p erson set observ es eac h mem b er’s data stored in the table for adjusting to dynamic c hanges in the organization of the real comm unit y . When w e use a net w ork comm unit y supp ort system to determine whom to comm unicate with, esp ecially when w e w an t to broadcast a message to the mem- b ers of the comm unit y , it is essen tial that the comm unications adapt to all dy- namic c hanges in the comm unit y formation and b e link ed to the comm unit y feelings of users. Shine can pro vide a function that can exibly determine the range of group comm unication b ecause it uses p erson sets of P erson Database as destination lists for broadcasting. P ost The P ost mo dule exc hanges messages with other agen ts. It abstracts lo w er-lev el comm unication pro cedures as an in ternal c hannel submo dule (Fig. 5). Sp eci�cally , it enco des and deco des messages to adjust the lo w er-lev el comm uni- cation proto col, e.g., HTTP , SMTP , or ORB. The c hannel submo dule is hidden from other mo dules or application programmers. The format of the messages is similar to K QML [2] or other agen t comm u- nication languages. Eac h message has a message t yp e, a user mo del indication, and con ten ts describ ed follo wing the indicated user mo del. A user mo del in Shine corresp onds to an on tology in K QML. Planner The Planner decides the action of the agen t. Figure 6 sho ws the struc- ture of the Planner. The agen t acts in resp onse to external ev en ts suc h as mes- sages receiv ed from other agen ts, inputs from the user, and c hanges of v alues stored in the P erson Database. Eac h application has one or more plans, and the Planner executes them concurren tly . There are also plans pro vided b y Shine that do fundamen tal or common tasks. The Planner con tains a message dispatc her, whic h dispatc hes eac h incoming message to appropriate plans according to message t yp e. Plans can co op erate via P erson Database: When a plan c hanges an attribute v alue of a p erson, another plan can p erceiv e the c hange b y catc hing the ev en t o ccurred according to it.

96 S. Y oshida et al. Fig. 6. Planner Application In terface The application in terface connects the user with the P erson Database and the Planner. There can exist m ultiple applications on one Shine agen t, and eac h application has its o wn in terface mo dule. A net w ork comm unit y supp ort system needs a user in terface that allo ws users to relate their feelings ab out acquain tances or comm unities to the system and to understand in tuitiv ely the meaning of the logical information stored in the Database in accordance with a user mo del. Therefore, Shine not only pro vides p opular user mo dels but also in terface libraries for those mo dels. Suc h in terface libraries of user mo dels include visualization mec hanisms and other mec hanisms that use a v ailable h uman-computer in teraction media. The application in terface also helps in teractions b et w een the user and the Planner b y pro viding dialogue messages and other aids. 3.3 Comparisons with Other Multi-agen t Platforms MINDS [14] is a m ulti-agen t system for collab orativ e do cumen t retriev al. In this system, eac h p ersonal agen t kno ws do cumen ts stored in its user’s w orkstation, and also has metakno wledge ab out who p ossibly o wns do cumen ts ab out what topic. When a user asks his/her agen t for retrieving do cumen ts ab out a topic, the agen t in telligen tly submits queries to other agen ts using this metakno wledge. MINDS is one of pioneers in collab orativ e p ersonal agen ts, but it’s domain is limited to information retriev al. K QML [2] sp eci�es a message format and a set of message handling proto cols that are suitable for kno wledge sharing among agen ts. There are a n um b er m ulti- agen t platforms that implemen t this sp eci�cation. K QML can transfer v arious kinds of kno wledges b ecause it pro vides a function to select an on tology based on the domain of eac h kno wledge. Ho w ev er, in K QML framew ork, agen ts don’t ha v e capabilities to dynamically reorganize their so cial relation, for example b y mediation. T o p erform suc h a dynamic reorganization, an agen t has to b e able to exc hange not only kno wledge ab out the application domain but also information

Building a Net w ork Comm unit y Supp ort System 97 ab out the agen t itself or its acquain tances. F urthermore, this reorganization m ust b e link ed to the c hange of the user’s comm unit y feeling. Therefore, Shine includes h uman-computer in terface libraries b esides kno wledge exc hange functions. The ADIPS F ramew ork [9] is a platform for exible distributed systems. Sev eral net w ork applications suc h as a exible video conference system, a exible async hronous messaging system, and a system named Cyb erO�ce ha v e b een dev elop ed on top of the ADIPS F ramew ork. The main feature of the ADIPS F ramew ork is that eac h no de of an ADIPS application system can b e exibly and dynamically recon�gured to adapt to c hanges in its en vironmen t suc h as QoS or the user’s preference. T o ac hiev e this adaptabilit y , eac h mo dule of an ADIPS system’s no de is agen ti�ed. The di�erence b et w een ADIPS and Shine is the p olicy of agen ti�cation. The ADIPS system agen ti�es the mo dules in a no de to obtain adaptabilit y to their en vironmen t. On the other hand, w e call a no de of Shine an agen t b ecause it is p ersonalized and comm unicates with other p ersonal agen ts to adapt to c hanges in the user’s so cial situation. 4 Comm unit y Organizer on Shine This section giv es a description of revising Comm unit y Organizer b y p orting it to the Shine platform. This revision brings certain adv an tages to Comm unit y Organizer. { The implemen tation of Comm unit y Organizer can mak e use of the libraries of program comp onen ts included in the Shine pac k age. What w e need to mak e for Shine -based Comm unit y Organizer are only a plan installed to the Planner, a user in terface, and some additional attributes for the P erson Database. { The arc hitecture of the system c hanges from the con v en tional clien t/serv er arc hitecture to a more exible m ulti-agen t arc hitecture. { It is p ossible to in tegrate Comm unit y Organizer with other net w ork comm u- nit y applications b y sharing data on p eople with those applications. In the Comm unit y Organizer, eac h icon’s feature is represen ted as a k eyw ord v ector. In other w ords, the Comm unit y Organizer adopts the v ector space mo del of an information retriev al tec hnique as the user mo del. Because Shine pro vides a library for this mo del, the program of the Comm unit y Organizer can mak e use of prepared metho ds suc h as the cosine measure [19]. F urthermore, the user in ter- face of the Comm unit y Organizer can c ho ose its visualization mec hanism from Shine ’s comm unit y visualization library , whic h includes not only the ph ysically- based mo del but also other mec hanisms suc h as the dual-scaling metho d [11]. As describ ed in Sec. 3.1, Shine adopts a exible m ulti-agen t arc hitecture. When Comm unit y Organizer is p orted to Shine , eac h clien t program is agen ti- �ed. Suc h an agen t exc hanges p ersonal information with other agen ts, and they all collab orativ ely p erform mediation or self-in tro duction to �nd p oten tial com- m unities. The arc hitecture of the Shine -based Comm unit y Organizer is sho wn in Fig. 7.

98 S. Y oshida et al. Fig. 7. Shine -based Comm unit y Organizer In the curren t clien t/serv er v ersion of Comm unit y Organizer, all data are stored in one database of the serv er. A clien t program sends the cen ter p oin t’s k eyw ord v ector re ecting the slide bars’ p ositions as a query . After receiving the query k eyw ord v ector, the serv er program searc hes its database for other k eyw ord v ectors close to the query’s one, and then resp onds to the query with the found k eyw ord v ectors with corresp onding icon images. Finally , the clien t program places these icons on the view panel. In con trast, the Shine -based Comm unit y Organizer has no cen tral database serv er. The queries are broadcasted to other p ersonal agen ts. When an agen t receiv es a query , it seeks icons whose k eyw ord v ectors are closer to the query’s one from the icons of the user who o wns the agen t and then resp onds to the query with the found icons. Therefore, the computation of query pro cessing is distributed. 5 Conclusions In this pap er, w e explained b oth Comm unit y Organizer and Shine and then de- scrib ed ho w w e built Comm unit y Organizer on top of Shine .

Building a Net w ork Comm unit y Supp ort System 99 Muc h w ork remains to b e done, ho w ev er. W e are going to study the arc hi- tecture of Shine in more detail. W e will also pro vide an implemen tation of Shine as a Ja v a class library . W e plan to do this w ork in parallel with the dev elopmen t of sev eral net w ork comm unit y supp ort systems suc h as Comm unit y Organizer and Gleams of P eople [17]. There are also v arious other matters to deal with, including a priv acy con trol mec hanism. Ac kno wledgmen ts. W e thank Adv anced Business W orks at NTT Comm uni- cations for the implemen tation of Comm unit y Organizer. References [1] Matthew Chalmers and P aul Chitson. Bead: Explorations in information visu- alization. In Nic holas Belkin, P eter Ingw ersen, and Annelise Mark P ejtersen, editors, Pr o c e e dings of the Fifte enth A nnual International A CM SIGIR Confer- enc e on R ese ar ch and Development in Information R etrieval , SIGIR F orum, pages 330{337. A CM Press, 1992. [2] Tim Finin, Ric h F ritzson, Don McKa y , and Robin McEn tire. K QML | a language and proto col for kno wledge and information exc hange. In F uc hi and Y ok oi [3]. [3] Kazuhiro F uc hi and T oshio Y ok oi, editors. Know le dge Building and Know le dge Sharing . Ohmsha and IOS Press, 1994. [4] Kunihik o F ujita and Susum u Kunifuji. A realization of a re ection of p ersonal information on distributed brainstorming en vironmen t. In T ak ashi Masuda, Y oshi- fumi Masunaga, and Mic hiharu Tsuk amoto, editors, Pr o c e e dings of the Interna- tional Confer enc e on Worldwide Computing and Its Applic ations ’97 , v olume 1274 of L e ctur e Notes in Computer Scienc e , pages 166{181. Springer-V erlag, 1997. [5] F umio Hattori, T ak eshi Ohguro, Mak oto Y ok o o, Shigeo Matsubara, and Sen Y oshida. So cialw are: Multiagen t systems for supp orting net w ork comm unities. Communic ations of the A CM , 42(3):55{61, 1999. [6] John Hagel I I I and Arther Armstrong. The real v alue of ON-LINE comm unities. Harvar d Business R eview , 5{6 1996. [7] T oru Ishida, editor. Community Computing | Col lab or ation over Glob al Infor- mation Networks . John Wiley & Sons, 1998. [8] Ko ji Kamei, Ev a Jettmar, Kunihik o F ujita, Sen Y oshida, and Kazuhiro Ku w abara. Comm unit y organizer: supp orting the formation of net w ork comm unities through spatial represen tation. Submitted to the 2001 Symp osium on Applications and the In ternet. [9] T etsuo Kinoshita and Kenji Sugan uma. ADIPS framew ork for exible distributed systems. In Pr o c e e dings of the First Paci�c R im International Workshop on Multi- A gents (PRIMA’98) , v olume 1599 of L e ctur e Notes in A rti�cial Intel ligenc e , pages 18{32. Springer-V erlag, 1998. [10] Stefan Klein. In tro duction to electronic auctions. International Journal of Ele c- tr onic Markets , 7(4):3{6, 1997. [11] Kenji Mase, Y asuyuki Sumi, and Kazushi Nishimoto. Informal con v ersation en- vironmen t for collab orativ e concept formation. In Ishida [7], c hapter 6, pages 165{205. [12] Shigeo Matsubara, T ak eshi Ohguro, and F umio Hattori. Comm unit yBoard: So cial meeting system able to visualize the structure of discussions. In Pr o c e e dings of the Se c ond International Confer enc e on Know le dge-b ase d Intel ligent Ele ctr onic Systems (KES’98) , pages 423{428. IEEE, 1998.

100 S. Y oshida et al. [13] Shigeo Matsubara, T ak eshi Ohguro, and F umio Hattori. Comm unit yBoard 2: Mediating b et w een sp eak ers and an audience in computer net w ork discussions. In Oren Etzioni, J� org P . M � uller, and Je�rey M. Bradsha w, editors, Pr o c e e dings of the Thir d A nnual Confer enc e on A utonomous A gents , pages 370{371. A CM Press, 1999. [14] Uttam Mukhopadh y a y , Larry Stephens, Mic hael Huhns, and Ronald Bonnell. An in telligen t system for do cumen t retriev al in distributed o�ce en vironmen ts. Jour- nal of the A meric an So ciety for Information Scienc e , 37:123{135, 1987. [15] Y oshiy asu Nishib e, Ic hiro Morihara, F umio Hattori, T oshik azu Nishim ura, Hiro- fumi Y amaki, T oru Ishida, Harumi Maeda, and T o y oaki Nishida. Mobile digital assistan ts for in ternational conferences. In Ishida [7], c hapter 8, pages 245{284. [16] T o y oaki Nishida and Hideaki T ak eda. T o w ards the kno wledgeable comm unit y . In F uc hi and Y ok oi [3]. [17] T ak eshi Ohguro, Sen Y oshida, and Kazuhiro Ku w abara. Gleams of P eople : Monitoring the presence of p eople with m ulti-agen t arc hitecture. In Nideyuki Nak ashima and Chengqi Zhang, editors, Appr o aches to Intel ligent A gents | Pr o- c e e dings of the Se c ond Paci�c R im International Workshop on Multi-A gents , v ol- ume 1733 of L e ctur e Notes in A rti�cial Intel ligenc e , pages 170{182. Springer- V erlag, 1999. [18] Ho w ard Rheingold. The Virtual Community: Homeste ading on the Ele ctr onic F r ontier . Addison-W esley , 1993. [19] G. Salton and M. J. McGill. Intr o duction to Mo dern Information R etrieval . McGra w-Hill, 1983. [20] Up endra Shardanand and P attie Maes. So cial information �ltering: Algorithms for automating \w ord of mouth". In CHI ’95 Pr o c e e dings: Confer enc e on Hu- man F actors in Computing Systems: Mosaic of Cr e ativity , pages 210{217. A CM SIGCHI, 1995. [21] T erry Winograd and F ernando Flores. Understanding Computers and Co gnition: A New F oundation for Design . Ablex, 1986. [22] Sen Y oshida, Ko ji Kamei, Mak oto Y ok o o, T ak eshi Ohguro, Kaname F unak oshi, and F umio Hattori. Comm unit y visualizing agen t. In Pr o c e e dings of the Thir d In- ternational Confer enc e and Exhibition on The Pr actic al Applic ation of Intel ligent A gents and Multi-A gent T e chnolo gy (P AAM 98) , pages 643{644. The Practical Application Co. Ltd., 1998. [23] Sen Y oshida, T ak eshi Ohguro, Ko ji Kamei, Kaname F unak oshi, and Kazuhiro Ku w abara. Shine : a cyb er-comm unit y application platform | a prop osal |. In Short Pap ers Pr o c e e dings of the Se c ond Paci�c R im International Workshop on Multi-A gents , pages 31{40, 1999.