In tegration of W eb Information Sources b y Mobile Users Wisut Sae-T ung T adashi OHMORI Mamoru HOSHI Graduate School of Information System, Universit y of Electro-Comm unications 1 In tro duction In to day’s computer internet w orks, many infor- mation sources pro vide their conten ts via WWWs b y em b edding their clien t applications into W eb pages. F or example, ordinary HTML do cumen t serv ers, CGI-form texts with back end database serv ers, and jav a-based click able maps with back- end data services can b e found everywhere in the In ternet. Let us call such an information source a Web Information Sour c e (WIS). In general, these WISs are maintained by multiple autonomous or- ganizations. Let us call such an organization a c el l . In this environmen t, mobile users mo v e across cells and download client applications from WISs to query information. This en vironmen t is sho wn in Figure 1. Under this situation, this pap er prop oses a new information-in tegration system for mobile users; our goal is to realize an environmen t where mobile users mov e across di�erent cells, �nd/do wnload some interesting WISs from there, and can in- te gr ate those WISs as a new (more con v enien t) WIS on users’ mobile computers in a disconnected mode. Previous works[1,2] ha v e discussed integra- tion of WISs on a centralized site of dev elop ers, but do not consider appropriate style of integra- tion for mobile users and how to resolv e semantic con ict in such a situation. F or our goal, we �rstly prop ose navigational in- te gr ation of WISs; this is a new style of integration for mobile users. Next, we prop ose a domain hi- erarc h y; this is a new seman tic con ict resolution tec hnique. Using these ideas, we prop ose a system arc hitecture where necessary common data mo d- els of WISs are downloaded (from each cell) into users’ mobile computers. Then we describ e, in this system, how the users apply navigational in- tegration of WISs in a netw ork-disconnected mo de on their computers. 2 Na vigational In tegration The navigational inte gr ation of WISs is de�ned as a pro cess of retrieving original W eb pages from sev eral sites of WISs of interest and generating Figure 1: W eb Information Sources in a mobile environmen t new W eb pages (as a new WIS); furthermore, each of these new pages must include derive d links , which represen t relationship b etw een data of these di�erent pages. Let us consider for example in Figure 2-a. The �rst (WIS1) is an ordinary WWW do cument server. It consists of a W eb top-page and some HTML-pages (under a giv en DTD) describing de- partments; further, the top-page includes URL links to these HTML-pages. The second (WIS2) is a CGI-based page through which a user can in- put condition parameters to retrieve a dynamic result page. Then, the user wan ts to generate a new WIS (WIS3) from the original WISs by cre- ating derive d links b etw een these WISs. The de- rived links pass the data (i.e., lab oratory name) from the output page of the WIS1 to WIS2 as the input conditions to get the result page of WIS2 (see Figure 2-b). By clicking these derived links, the user can navigate b etw een conten ts of the w eb pages of t w o WISs. How ev er, semantic c on icts b etw een tw o data suc h as di�erent format repre- sentations, part-of relationships or is-a relation- ships may o ccur here. Thus, to integrate multiple WISs together, suc h semantic con icts m ust b e resolved. 1

Figure 2: Na vigational in tegration 2.1 de�nition T o describ e the ab ov e concept formally , let us con- sider a na vigational integration from a WIS S to another WIS R . ( S is called a sender. R is called a receiver). Then, a derived link from S to R rep- resen ts that an element in a W eb page of S has a relationship with an element (in a W eb page) of R . Let x and y b e such an elemen t of S and that of R , resp ectively . Then a navigational in tegra- tion from S to R by creating derived links from x to y is describ ed as follo ws: S ) R def = f ( S :x ) = R:y ; where f is a function to conv ert semantics from S:x to R:y . (the symbol, ) , means creating de- riv ed links.) Curren tly , w e restrict na vigational in tegration in such a wa y that an element x of a WIS is giv en by a dot-notation (e.g., S:x 1 :x 2); (this dot- notation is that used in man y ob ject-orien ted SQL-lik e languages.); furthermore, we assume that an element in na vigational in tegration must tak e an A TOMIC v alue. By these restrictions, we can a v oid ambiguit y which w ould o ccur when con- sidering integration from a list to another list. Figure 3 describ es four cases of na vigational in- tegration (from S to R ). Case 1 and 3 are used when the receiver R is an ordinary do cumen t WIS. Case 2 and 4 are used when R provides an access method using an entit y y (e.g., a CGI-form text). As shown in this �gure, we use a mapping table F in case of a one-to-many relationship from S :x to R:y . Figure 3: A general form of navigational in tegra- tion Figure 4: Schema and structure 2.2 common data mo del The common data mo del we use is a v arian t of the ob ject-orien ted (OO) mo del. As a unique prop- erty , we add a concept called domain hier ar chy , which will b e describ ed later in Section 3. In our p olicy , a web page is regarded as a nested structure of ob jects. F urther, in order to mo del a function-embedded WIS such as a CGI-page, we give metho ds to this structure. Such a structure of ob jects with metho ds are called interfac e de�- nitions in our system. Then, we wrap the server function of a WIS by a set of interface de�nitions. (Nested data o ccurring in a web page are repre- sented as relationships b etw een interface de�ni- tions via the m ulti-v alued attribute.) Let us show how to wrap the �rst WIS of Fig- ure 2-a. This WIS is a structured do cument. Its DTD is describ ed in Figure 4-a. Then, Figure 4-b describ es an equiv alen t schema in our data mo del. Figure 5 sho ws the in terface de�nitions wrap- ping the �rst WIS. In order to explain interface de�nitions, let us use the in terface de�nition of Dep artment (in Figure 5-a). This interface def- 2

Figure 5: Interface de�nitions for describing a Department do cument inition has three attributes: or ig ur l , deptName and lab or atories . The second attribute is a single- v alue of string and its domain is DeptDomain . The third attribute is a m ulti-v alue keeping OIDs of instances of a Lab oratory interface. Using suc h multi-v alued attribute, we can represent a nested structure of do cuments. (The �rst at- tribute or ig ur l is the URL of the original do c- umen t page.) As shown ab ov e, the data-types in our system are only atomic data and OID. Domain must b e assigned for all atomic data. Here, a domain in our approach refers to a p o ol of v alues that hav e an exact data-format and meaning. In the metho d part, there are tw o types of meth- ods; a public and priv ate t yp es. Only public methods are inv ok ed explicitly . In this example, getbyUrl() metho d is the wa y to retrieve an origi- nal do cument having a given URL. Some of public metho ds can hav e a keyw ord static in their metho d signatures. Roughly sp eak- ing, a static (and public) metho d indicates a class method to retrieve ob jects from the (wrapp ed) WIS by in v oking an native metho d. (The other methods are used for �ltering such generated data- ob jects.) 3 Domain Hierarc h y In order to p erform navigational integration de- scrib ed ab ov e, w e must resolv e the semantic con- ict among di�erent WISs. T o achiev e this abil- ity , we prop ose a domain hier ar chy (DH), which is main tained among all cells in a giv en netw ork. Here, a domain in our approac h refers to a p o ol of v alues that hav e an exact data-format and mean- ing. Figure 6 shows an example of the domain hierarch y , which is maintained by t w o cells. The domain hierarch y consists of t w o comp onents: (i) multiple lo cal domain hierarchies (LDHs); each LDH is maintained individually in each cell, and (ii) a common domain hierarch y (CDH); this is shared by all cells. (When multiple cells share the same CDH, these cells are called a r e gion .) In eac h cell, there is a wr app er [1,2,3], which manages all WISs that b elong to the cell. This wrapp er wraps and describ es schema and access metho ds of a given WIS in to a uni�ed form called an interfac e de�nition [3]. Using this wrapping, attributes and argumen ts of access metho ds are mapp ed to the domains in the lo cal domain hier- arch y of the cell. Moreo v er, domains of each LDH are linked to the domains in the CDH for pro- viding semantic conv ertibilit y of data in di�erent cells. Construction: Domains are organized in to a hi- 3

Figure 6: Domain hierarch y and downloading mechanism erarc hical structure, where a type of hierarchal relationship is a one-to-one relationship (data- format conv ersion), or an is-a relationship, or a part-of relationship. Therefore, for any given do- main D , its parent domain is equal to, is more general than, or contains D . The hier ar chy links (depicted b y b old links in Figure 6) represen t such hierarc hical relationships. As a result, for any given domain D , D has a hierarc hical relationship with its parent. How- ev er, D may hav e other relationships with some domains D 0 i ( i = 1 ; :::; n ). These relationships are described as p oint-to-p oint links (depicted by �ne links in Figure 6) b et w een D and D 0 i . Therefore, D can hav e one hierarch y link to its parent and sev eral p oint-to-point links to D 0 i . (In implemen- tation, each link is describ ed b y conv ersion func- tions for con v erting semantics b et w een the t w o as- sociated domains. ) W e refer to these links (with their conv ersion functions) as the domain rule of D . Do wnload: While a mobile user mov es across net w orks and �nds multiple WISs, he downloads soft w are comp onents describing services of WISs from their cells into his mobile computer. A soft- war e c omp onent of a WIS consists of (i) interface de�nitions of the WIS, (ii) domain rules of the domains used in these interface de�nitions, (let us refer to these domains as X ), and (iii) the domain rules of the ancestor domains of X . Therefore, as a result of downloading, a sub-part of the DH is maintained in the user’s mobile computer. The download pro cessing is sho wn in Figure 6. In our system, a me diator [3] is installed on a user’s computer. Then, b y using this sub-part of the DH, the mediator on the user’s computer resolves the seman tic con ict b etw een tw o data of di�erent cells by �nding a conv ersion path b etw een domains of these tw o data. F or ex- ample, in Figure 6, the conv ersion path from the domain NameDomain to the domain JL ab is NameDomain ! F ullName ! Lab ! JLab. The con- version functions along the con v ersion path are used to con v ert the semantics b etw een them. Note that this step is p erformed on the mobile com- puter in a disconnected mo de. Legality: Conv ersion paths are not alw a ys legal. If a con v ersion path causes a many-to-man y re- lationship b etw een a start domain and a destina- tion domain, unexp ected data will emerge. Such a conv ersion path is regarded illegal. The media- tor must consider this restriction when �nding a conv ersion path. Reachabilit y: In our scheme, a con v ersion path 4 betw een tw o domains is assured to exist if there is: (i) a domain that is an ancestor of b oth domains; or (ii) only one p oint-to-point link b etw een ances- tors of b oth domains. 1 Figure 7: System architecture and integration processing In tegration Pro cess: The ov erall b ehavior of the system is shown in Figure 7. A mobile user mo v es across tw o cells from CELL1 to CELL2 and do wnloads softw are comp onents of WIS1 (in CELL1) and WIS2 (in CELL2) as shown in step 1-3. Next, b y the indication of the user, the medi- ator on the user’s computer uses the sub-part DH in the mobile computer to resolv e semantic con- ict b etw een WIS1 and WIS2, and it generates a SQL-lik e script for navigational data-access from WIS1 to WIS2 (step 4). The mediator also auto- matically embeds this script into the cop y of the top page of WIS1. The user can use it as a new WIS (WIS3). W e should note that the copy of the top page of WIS1 has b een already downloaded with the soft w are comp onents. Th us, the medi- ator can do this em b edding step on the mobile computer in the disconnected mo de. As a result, the user can navigate from the conten ts of WIS1 to those of WIS2 by clic king derived links in WIS3 (step 5-8). 4 Example Here we are ready to demonstrate ho w na viga- tional integration is implemented. Assume that a mobile user �nds the tw o WISs (WIS1 and WIS2 in Fig.2-a) and wan ts to do navigation-mode inte- gration of them (WIS3 in Fig.2-b). T o do so, w e pro vide a SQL-like query language. 1 Generally sp eaking, if a domain X has an ancestor who kno ws a p oint-to-point link to Z and if the same condition holds for another domain Y , then X and Y are reachable to each other. The follo wing script is a command to do na vi- gational integration from a giv en (single) depart- ment page of the �rst WIS (whose url = URLx ) to the second WIS: select * from D in Department, L in LabBuilding source Department of ISInformation on http://HOST1/cgi-bin/execute.pl, LabBuilding of uecdbWeb on http://HOST2/cgi-bin/execute.pl where Department->getbyURL(URLx), L in LabBuilding->getByLaboratory( L:Lab2JLab(D:LabD2Lab( D->{laboratories}->{labName}))) F or example, in the ab ov e SQL-lik e statemen t, getByL ab or atory is the metho d de�ned in the in- terface de�nition of the second WIS; this metho d is the ma jor function of this WIS. It argument re- quires data whose domain is JL ab . Because the domain of D ! f labor ator y g ! f l abN ame g is L abDomain , the LabD2Lab and Lab2JLab func- tions are inserted to conv ert data from the domain L abDomain to the domain L ab and from the do- main L ab to the domain JL ab , resp ectiv ely . As a result, the ab ov e SQL-like script can ex- ecute navigation-mode integration (of the Data- Access parts) with resolving seman tic con icts. The mediator (lo cated on the user’s computer) generates the ab ov e script b y the interaction with the user. After that, this script is automatically embedded in the fron t page of WIS1. As a result, the front page b ecomes that shown in Fig.8. Figure 8 is the HTML source of the front page embedded with the query command. When the user activ ates such an embedded link, the query command is sent to b e executed at WIS1 and re- turns an in termediate result to the user. Figure 9 shows this result page. As shown here, the next step of the execution is nothing but a derived link, and this is implemented as a cgi link to activ ate WIS2. Reference [1] D. Florescu, A. Levy and A. Mendelzon: \Database T ec hniques for the W orld-Wide W eb: Survey". SIG- MOD R e c or d , 27(3): pp. 59-74, September 1998. [2] S. Chaw athe et al. \The TSIMMIS pro ject: In- tegration of heterogeneous information sources." In T e ch. R ep of 100th DBS of Information Pr o c essing So ciety of Jap an , pp. 7-18, T oky o, Japan, 1994. [3] W. Sae-T ung, T. Ohmori, and M. Hoshi. \An in- formation integration architecture for mobile users in WWW environmen t". T r ans. Information Pr o c essing So ciety of Jap an , 39(4):pp. 888-900, April 1998. 5

Figure 8: A front page embedded with query commands Figure 9: A new source embedded with tags 6