A Univ ersal Query In terface for Heterogeneous Distributed Digital Libraries Norio Kata y ama, Masanori Sugimoto, and Jun Adac hi NA CSIS (National Cen ter for Science Information Systems) Abstract T o day, various kinds of digital libr aries ar e ac c essible on the WWW (World Wide Web). The inter op er ability among those systems is one of the major topics of the digital libr ary c ommunity. This p ap er pr esents a Hy- NeSS mo del and its query interfac e for that purp ose. The HyNeSS mo del inte gr ates the entity r elationship mo del and the pr e dic ate lo gic, and pr ovides a universal and formal expr ession for network-oriente d data. We have develop e d a pr ototyp e system of the HyNeSS data- b ase system. The query interfac e is universal in the sense that it do es not dep end to any p articular data- b ase schema. It lo ads the schema information fr om a r emote HyNeSS datab ase system and adapts itself to the given schema. On the submission of a query, the c om- p ose d expr ession is c onverte d into a de clar ative query expr ession b ase d on the pr e dic ate lo gic. It pr ovides a universal expr ession to r etrieve and identify obje cts in heter o gene ous distribute d envir onment. 1 In tro duction This pap er presen ts a data mo del, HyNeSS, and its univ ersal query in terface for heterogeneous distributed digital libraries. It is univ ersal in the sense that it pro vides a general expression for queries and do es not dep end on a particular database sc hema. The ma jor prop ert y of our approac h is an in tegration of the en tit y relationship mo del and the predicate logic. The query in terface emplo ys an expression based on the en tit y relationship mo del. The comp osed query expression tak es the form of the en tit y relationship mo del. Then, it is con v erted in to an expression based on the predi- cate logic on submission and the logic-based expression is exc hanged b et w een a clien t and a serv er. F or the sak e of the declarativ e seman tics of the predicate logic expression, this metho d ac hiev es the e�ectiv e sc heme to retriev e and iden tify ob jects in heterogeneous dis- tributed digital libraries. This pap er is organized as follo ws. Section 2 de- scrib es the bac kground of this study and Section 3 pro- vides the system o v erview of the dev elop ed protot yp e system. Section 4 and 5 presen ts the HyNeSS mo del and its query in terface. Section 6 discusses the prop- erties of our approac h and conclusion is con tained in Section 7. 2 Bac kground Recen tly , exp erimen tal and op erational digital libraries are accessible on the WWW (W orld Wide W eb). F or example, the digital libraries dev elop ed b y Cornell Uni- v ersit y[6] and Univ ersit y of Mic higan[2] are op en to the public. In addition, index serv ers for WWW re- sources are pro vided b y Y aho o, WWW W orm, Lycos, etc. No w, v arious and n umerous digital rep ositories are a v ailable on the WWW. T o use these digital rep ositories seamlessly , the in- terop erabilit y of digital libraries is one of the ma jor topics of the digital library comm unit y . In the tra- ditional sense, it is the problem of the in tegration of heterogeneous distributed databases, whic h is already discussed in the database literatures[7]. The k ey is ho w to create a federated sc hema and a common user in- terface. Although that problem has b een discussed in terms of the con v en tional database systems, e.g., hier- arc hical, net w ork, and relational database systems, the con v en tional approac h is not directly applicable to dig- ital libraries for the sak e of the mismatc h in data orga- nization. Data stored in digital libraries ha v e the form of h yp ermedia and h yp ertexts, i.e., rather net w ork- orien ted than record-orien ted. Therefore, a new data mo del and a query in terface are required whic h is suit- able for net w ork-orien ted data. There are three lev els of the in terop erabilit y: not- coupled, lo osely-coupled, and tigh tly-coupled. These lev els can b e distinguished in terms of a database sc he- ma and a query in terface as sho wn in Figure 1. Not- coupled databases use di�eren t sc hemata and di�erence query in terfaces. Users need to kno w ev ery sc hema and ev ery query in terface to use them. Lo osely-coupled databases share their query in terface. Users can use the common syn tax to express queries. Tigh tly-coupled databases share their database sc hema as w ell as their query in terface. The shared sc hema ma y b e a feder- ated one, i.e., it ma y b e a union of sc hemata of comp o- nen t databases. Users need not kno w the existence of comp onen t databases and can use it as if it is a single cen tralized database.

Database sc hema Query in terface Tigh tly-coupled shared (federated) shared Lo osely-coupled not shared shared Not-coupled not shared not shared Figure 1: The three levels of the interop erabilit y In the follo wing sections, w e presen t a data mo del HyNeSS and its query in terface for the basis of a feder- ated database sc hema and a univ ersal query in terface for heterogeneous distributed digital libraries. 3 System o v erview Figure 2 illustrates the outline of our protot yp e sys- tem. The serv er has four comp onen ts. The database is managed b y a database managemen t system HyNeSS (Hyp er-Net w ork Storage System) [5]. The h ttp d stores the sc hema information of the database and CGI (com- mon gatew a y in terface) programs whic h implemen t the access to the HyNeSS database. On the other hand, the clien t is an ordinary WWW bro wser whic h supp orts Ja v a applets. The query in terface is implemen ted with the Ja v a language and executed b y the WWW bro wser. The sequence of a query pro cessing is as follo ws: (0) The Ja v a applet of the query in terface starts in the WWW bro wser. (1) The applet loads the sc hema information from the remote serv er. (2) The applet starts the univ ersal query in terface based on the en tit y relationship mo del. (3) The applet sends the comp osed query in the form of an expression based on the predicate logic. (4) The h ttp d thro ws the query to the HyNeSS data- base via CGI program and the HyNeSS answ ers the query . The adv an tages of this approac h can b e summarized as follo ws: 1. The in terface, expression, and applet are indep en- den t of a database sc hema. ! This sequence can b e applied for an y database as long as its sc hema information is pro vided. ! Users can use a single same in terface for an y databases. 2. Both the query in terface and the query expression ha v e declarativ e seman tics. ! Users only need to express the query declara- tiv ely without considering ho w it will b e pro- cessed b y the serv er. ! Because b oth the en tit y relationship mo del and the predicate logic ha v e declarativ e seman tics, they can b e directly con v erted in to eac h other. 4 HyNeSS mo del 4.1 Outline The HyNeSS stands for the Hyp er-Net w ork Storage System and is designed to mo del net w ork-orien ted data lik e h yp ermedia and h yp ertexts[5]. The HyNeSS mo del is formerly called the S-ob ject mo del whic h is presen ted in [3, 4]. The HyNeSS mo del in tegrates the en tit y relation- ship mo del and the predicate logic. In the conceptual view, the HyNeSS mo del is an extended v ersion of the en tit y relationship mo del[1]. It mo dels the real w orld en terprise b y en tities, links, classes, and relationships. En tities and links are lo w est lev el ob jects of a database and comp ose a net w ork structure similar to seman tic net w orks. Classes and relationships are meta lev el ob- jects of en tities and links, resp ectiv ely . A class is a set of en tities whic h is categorized b y the seman tic role of en tities, while a relationship is a set of links categorized b y the seman tic role of links. On the other hand, in the descriptiv e view, the Hy- NeSS mo del is based on the predicate logic. It has one- to-one mapping b et w een the conceptual view and the descriptiv e one. An en tit y corresp onds to a constan t, a link to an atom, a class to a unary predicate, and a relationship to a n-ary predicate. One of the adv an- tages of ha ving the logic-based descriptiv e view is that it enables to de�ne deductiv e rules for the conceptual view. The HyNeSS database managemen t system has the deduction mec hanism based on the function-free de�nite program whic h incorp orates the no v el mec ha- nism to handle the pro cedural deriv ation[4]. W e do not men tion its detail here b ecause it is b ey ond the scop e of this pap er. The ma jor prop ert y of the HyNeSS mo del is its declarativ e seman tics. In the conceptual view, it em- plo ys the plain net w ork expression, while it emplo ys the function-free de�nite program in the descriptiv e view. The pro cedural seman tics, e.g., c haracter string matc hings, image pro cessing, mathematical computa- tions, are encapsulated in to predicates[3, 4]. With its declarativ e seman tics, the HyNeSS mo del enables users to express what he/she w an ts to retriev e declarativ ely and enables distributed sites to comm unicate with eac h other in a declarativ e manner. Hence, the HyNeSS mo del pro vides the basis of a univ ersal query in ter- face and a univ ersal expression for heterogeneous dis- tributed digital libraries.

Figure 2: System overview 4.2 De�nition 1. HyNeSS mo del The HyNeSS mo del consists of six t yp es of comp o- nen ts ( E ; C ; T ; L; R; D ). E is a set of en tities. C is a set of classes. T is a set of t yp es. L is a set of links among en tities. R is a set of relationships. D is a set of domain constrain ts. 2. En tities An en tit y is an y substance, either conceptual or ph ysical one, whic h needs to b e distinguished within a database. Eac h en tit y has a unique iden ti�er to distinguish itself from others. The curren t im- plemen tation of the HyNeSS database managemen t system uses the hierarc hical name space similar to the one of UNIX �le systems. F or example, a so ciet y IPSJ has an iden ti�er /society/ipsj and an issue of the IPSJ transaction whose v olume and n um- b er are 35 and 1 has an iden ti�er /issue/society /ipsj/tipsj/35/01 . The role of en tities are to distinguish substances within a database. An en- tit y has no attribute, di�eren tly from the ob ject- orien ted data mo del. Its attributes or structures are represen ted b y links and relationships. 3. Classes Classes are sets of en tities whic h are categorized b y the seman tic role of en tities. The role of classes is to distinguish sets of en tities and to b e the basis of the domain constrain ts. F or example, the follo wing classes are de�ned for the protot yp e digital library: so cieties, journals, issues, pages, images, articles, and authors. A class itself decides neither attributes nor struc- tures of en tities, di�eren tly from the ob ject-orien ted data mo del. The constrain ts for en tities are only de�ned b y domain constrain ts of relationships. 4. T yp es A t yp e is a kind of classes and represen ts a par- ticular t yp e of atomic data, e.g, strings, in tegers, etc. A t yp e is de�ned with three comp onen ts ( T C , T E , T D ). T C is a class iden ti�er of the t yp e, e.g., /class/string , /class/integer , etc. T E is an enco der whic h con v erts eac h atomic data in to its unique iden ti�er, while T D is a deco der whic h con- v erts an iden ti�er to its corresp onding data. By pro viding suc h an enco der and a deco der, ev ery atomic data o wns its unique iden ti�er and is treated as one of en tities within a database. F or example, the curren t protot yp e system enco des the c haracter string \Digital Library" in to an iden ti�er /string /Digital+Library and the in teger v alue \1996" in to /integer/1996 . Th us, the HyNeSS mo del as- signs a unique iden ti�er to eac h atomic data and treats them as en tities. This approac h can b e re- garded as a v arian t of a tagged arc hitecture in whic h ev ery binary data carries a tag whic h represen ts its data t yp e. 5. Links A link is a tuple of en tities whic h represen ts a re- lationship among en tities. In the traditional no- tation, a link is expressed with the ordered list of en tities with predicates. F or example, the relation- ship b et w een an author /author/A and his article /article/A is expressed as follo ws: Author-Article ( /author/A, /article/A ) On the other hand, the HyNeSS mo del uses an order-indep enden t notation to emphasize the sym- metrical c haracteristics of terms. F or example, the

Figure 3: Universal query interface relationship ab o v e is expressed as follo ws: [ Author=/author/A, Article=/article/A ] T erms are comp osed of lab el and v alue pairs and the predicate of a link is determined b y the com bina- tion of lab els. F or the example ab o v e, the predicate Author-Article is determined b y the com bination of lab els, Author and Article. 6. Relationships Relationships are meta ob jects of links. A relation- ship decides the predicate and the n um b er of terms of links, i.e., links whic h b elong to the same rela- tionship m ust ha v e the same predicate and the same n um b er of terms. F or example, the protot yp e sys- tem de�nes the follo wing relationships for articles: Article-Type Article-Issue Article-EnglishAbstract Article-Author Article-JapaneseAbstract Article-FirstPage Article-EnglishTitle Article-LastPage Article-JapaneseTitle Article-Language 7. Domain Constrain ts A domain constrain t restricts the v alues of a term of a relationship. A domain constrain t is de�ned with three t yp es of comp onen ts ( D R , D T , D C ). The com bination of D R and D T sp eci�es a term of a re- lationship, and D C sp eci�es a set of classes whic h is applicable to the term. In other w ords, it sp eci�es that the v alues of the term D T of the relationship D R m ust b e an instance of one of the classes in- cluded in D C . The role of domain constrain ts is to sp ecify the scop e of relationships and prev en ts users from creating nonsense links b y mistak e. 5 Univ ersal query in terface 5.1 Ov erview Figure 3 sho ws the initial screen of the univ ersal query in terface. It consists of t w o parts: a palette and a can v as. The palette is lo cated ab o v e and con tains icons of classes. The con ten ts of the palette is determined b y the sc hema information supplied b y eac h database. The can v as b elo w is a w orkb enc h of query expressions. On the can v as, users construct queries in the form of a net w ork structure based on the en tit y relationship mo del. The primitiv es of the query construction are as fol- lo ws: (1) Select a class icon from the palette, then drag and drop it on the can v as (Figure 4-(a)). (2) Let the in terface displa y the list of relationships applicable to a particular icon b y double-clic king it on the can v as, then select one of the relationships to pro duce a link on the can v as (Figure 4-(b) and 4-(c)). (3) Let the in terface indicate the icons applicable to link ends (Figure 4-(d)). (4) Let the in terface p op up a dialog windo w b y double- clic king an icon with pressing the shift k ey and then assign a constan t v alue to the icon (Figure 4-(j)). (5) Select icons to b e displa y ed as the query result b y clic king them on the can v as (Figure 4-(l)). The adv an tages of the univ ersal query in terface are as follo ws: 1. It is indep enden t of a database sc hema. It adapts itself to eac h database sc hema on the fol- lo wing asp ects: � It decides the con ten ts of its palette according to the loaded sc hema information. � It displa ys the list of applicable relationships according to the domain constrain ts. � It indicates icons applicable to a particular link end according to the domain constrain ts. By this adaptiv eness, the query in terface can b e applied for an y database as long as its sc hema in- formation is pro vided. 2. It is self-explanatory with resp ect to a database sc hema. Users can learn a database sc hema from the query in terface itself. They do not need to consult the do cumen t describing the database sc hema. The in- terface explains a database sc hema to users b y ar- ranging class icons on the palette, displa ying the list of applicable relationships, and indicating icons applicable to link ends. 3. The constructed expression has declarativ e seman-

(a) An icon ‘article’ is dropp ed on the can v as. (b) The list of applicable relationships are displa y ed. (c) The relationship ‘Article-Author’ is selected. (d) The applicable icons to the link end is displa y ed. (e) The icon ‘author’ is selected for the domain. (f ) The list of applicable relationships is displa y ed. Figure 4: Example of query construction

(g) ‘Author-EnglishName’ is selected. (h) The domain of ‘EnglishName’ is displa y ed. (i) The class ‘string’ is selected for the domain. (j) A constan t is b eing assigned to the ‘string’. (k) ‘Y oneda T omohiro’ is assigned to the ‘string’. (l) The icon ‘article’ is selected for the result. Figure 4: Example of query comp osition (cont’d)

(a) List of query result (b) resultan t article Figure 5: Example of query result tics. The conceptual view based on the en tit y relation- ship mo del enables users to express a query declar- ativ ely without considering ho w it will b e pro cessed b y the serv er. 5.2 Example of query construction 1. A user selects what to retriev e from the class icons on the palette. F or example, the class ‘article’ is selected and dropp ed on the can v as in Figure 4-(a). 2. The user pro duces a link to sp ecify a searc h con- dition for the selected icon. By double-clic king the icon, the list of applicable relationships is displa y ed as sho wn in Figure 4-(b). The query in terface con- structs the list according to the sc hema information supplied b y the database. 3. If a relationship is selected from the list, a link of the relationship is pro duced on the can v as. Ho w- ev er, the other end of the link is a question mark as sho wn in Figure 4-(c) b ecause the icon of that end is not sp eci�ed b y the user y et. By double-clic king the question mark, the applicable icons to that end are indicated b y the query in terface as sho wn in Figure 4-(d) where the inapplicable icons are mark ed with crosses. The query in terface determines applicabil- it y of icons according to domain constrain ts of the relationship. 4. By selecting icons for link ends, a link b et w een en- tities is completed as sho wn in Figure 4-(e). The user rep eats the ab o v e sequence un til the query ex- pression represen ts what he/she w an ts to retriev e. F or example, in Figure 4-(f ) to 4-(i), a link of the relationship ‘Author-EnglishName’ is added to the icon ‘author’. 5. The user ma y assign a constan t to icons as sho wn in Figure 4-(j) where a c haracter string \Y oneda, T omohiro" is assigned to the icon ‘string’. 6. Finally , the user selects the icon to b e displa y ed as the query result. Icons can b e selected b y clic king them on the can v as. The query in terface marks selected icons b y rectangles. F or example, in Figure 4-(l), the icon ‘article’ is selected. This expression sp eci�es to displa y articles written b y an author whose English name is \Y oneda, T omohiro". Then the user submits the query to the serv er b y pressing the button \submit query". An example of the query result is sho wn in Figure 5. Figure 5- (a) sho ws the list of articles matc hed to the searc h condition. By na vigating through the anc hor asso- ciated to the items of the list, the user can view the resultan t articles as sho wn in Figure 5-(b). 6 Discussion 6.1 E�ectiv eness of declarativ e expression The ma jor prop ert y of our approac h is that w e emplo y declarativ e expressions for the query in terface. Declar- ativ e expressions are signi�can tly e�ectiv e when queries are more complicated. Figure 6-(a) and (b) represen ts query expressions whic h sp eci�es the follo wing searc h conditions resp ectiv ely: (a) Displa y issues whic h con tain articles written b y an author whose English name is \Y oneda, T o- mohiro". (b) Displa y images of whic h resolutions are 100 DPI and whic h are the �rst pages of articles written b y an author whose English name is \Y oneda, T omohiro". It is m uc h more di�cult to express these queries in the form of query commands suc h as SQL. It is ev en di�cult to write them in natural languages. Declar- ativ e expressions are straigh t forw ard and easy to b e

(a) (b) Figure 6: Examples of mo re complicated queries understo o d. 6.2 Applicabilit y to other applications Essen tially , this approac h is not restricted to digital library applications. It can b e applied to general het- erogeneous distributed databases. Ho w ev er, w e regard that it is most e�ectiv e for digital libraries b ecause the HyNeSS mo del is designed to mo del net w ork-orien ted data suc h as h yp ermedia and h yp ertexts. 6.3 F uture w ork The desirable capabilities of the curren t implemen ta- tion are as follo ws: � Nested queries whic h enable the result of one query to b e used in another. � Disjunctiv e expressions. � Negativ e expressions. W e plan to incorp orate these capabilities to capture more seman tics in query expressions. 7 Conclusion In this pap er, w e presen ted the HyNeSS mo del and its query in terface whic h pro vide the basis for heteroge- neous distributed digital libraries. The HyNeSS mo del pro vides the univ ersal mo deling sc heme for net w ork- orien ted data lik e h yp ermedia and h yp ertexts. The ca- pabilit y of the HyNeSS mo del is demonstrated b y de- v eloping its query in terface. It is sc hema-indep enden t, self-explanatory , and declarativ e. Although its appli- cation �eld is not restricted to digital libraries, it is esp ecially suitable for heterogeneous distributed digi- tal libraries b ecause the HyNeSS mo del is designed to mo del the con ten ts of digital libraries suc h as h yp er- media and h yp ertexts. Ac kno wledgmen ts This researc h w as partly supp orted b y JSPS (Japan So ci- et y for the Promotion of Science). The authors w ould lik e to express their gratitude, for the helpful commen ts, to the mem b ers of the join t researc h program, \A Study on a Dig- ital Multimedia Library for Supp orting Creativ e Researc h," sp onsored b y JSPS. References [1] Chen, P ., P .-S., \The En tit y-Relationship Mo del { T o- w ard a Uni�ed View of Data," A CM T r ans. Datab ase Systems 1 , 1 (Mar 1976) 9{36. [2] Crum, L., \Univ ersit y of Mic higan Digital Library Pro ject," Communic ations of the ACM 38 , 4 (Apr 1995) 63{64, http://http2.sils.umich.edu/UMDL/ . [3] Kata y ama, N., T ak asu, A., and Adac hi, J., \A Data- base with an Explicit Seman tic Represen tation," The Seventh International Confer enc e on Industrial & En- gine ering Applic ations of A rti�cial Intel ligenc e & Ex- p ert Systems (Ma y 1994) 323{332. [4] Kata y ama, N., T ak asu, A., and Adac hi, J., \A Logic- Based Approac h for Managing Structured Do cumen t Data," Pr o c. of the International Symp osium on A d- vanc e d Datab ase T e chnolo gies and Their Inte gr ation (ADTI’94) (Oct 1994) 245{252. [5] Kata y ama, N., T ak asu, A., and Adac hi, J., \Design and Implemen tation of a Storage System based on Hy- p ermedia Net w ork," IPSJ SIG Notes 95-DBS-104 (Jul 1995) 57{64 (written in Japanese). [6] Lagoze, C. and Da vis, J., R., \Dienst: An Arc hitecture for Distributed Do cumen t Libraries," Communic ations of the A CM 38 , 4 (Apr 1995) 47, http://cs-tr.cs.cornell.edu/ . [7] Sheth, A., P ., Larson, J., A., \F ederated Database Systems for Managing Distributed Heterogeneous, and Autonomous Databases," A CM Computing Surveys 22 , 3 (Sep 1990) 183{236.