On tology for Database Access Ryusuk e Masuok a F umihiro Maruy ama f masuok a, sup erb g @ ab.fujitsu.co.jp NetMedia Lab oratory F ujitsu Lab oratories Ltd. Octob er 25, 1996 1 Abstract W e are applying A CL (Agen t Comm unication Language) agen t tec hnologies to practical domains, suc h as virtual mark etplace for distribution industry , access to online databases, and tra v el planning. In these domains, on tologies to mak e accesses to disparate databases p ossible are quin tessen tial, and w e are dev el- oping one. In this pap er, w e will describ e design criteria whic h w e ha v e found imp ortan t, with sev eral examples. 2 In tro duction W e are dev eloping protot yp es of virtual mark etplace for distribution industry and of accessing system for online databases under the pro ject \SA GE (Smart A Gen t En vironmen t)." The pro ject SA GE is aimed at creating an en vironmen t for agen ts to liv e and comm unicate and the en vironmen t is based on A CL. In the protot yp e of virtual mark etplace, w e will enable retailers and whole- salers to mak e electronic trancsactions b et w een them. W e also plan to realize functionalit y of mark et in SA GE. In the protot yp e of accessing system for online databases, w e will mak e it p ossible for users to access to the information in the online databases without kno wing gory details of accessing nor whic h database he/she is accessing. In b oth domains, on tologies to mak e accesses to disparate databases p ossible are quin tessen tial. A virtual mark etplace system has databases on b oth retailers’ and wholesalers’ sides. Online databases are of course databases themselv es. W e are dev eloping a generic on tology for database access to incorp orate in to b oth of our protot yp es. 1

In the pro cess, whic h w e are not through y et, of building one, w e found criteria for that kind of on tology . Though they are still preliminary , w e rep ort those design criteria whic h w e ha v e found imp ortan t, with sev eral examples in this pap er. 2.1 Standardization Pro cesses in Japan and On tologies Before w e go in to the details of criteria, w e will touc h the sub ject of standard- ization pro cesses in Japan and on tologies. Once Japanese companies used to b e slo w to adopt industry standards. No w with realization of Electronic Commerce (EC) and Commerce A t Ligh t Sp eed (CALS) in sigh t, a n um b er of standardization pro cesses are under w a y in man y areas in the industries. Man y of the companies are also in tro ducing data w arehouses for their De- cision Supp ort System (DSS). A data w arehouse is a completely cen tralized system, opp osite to distributed systems lik e an agen t system. But the stan- dardization of units and w ords, whic h is strongly recommended in data w are- house systems, is actually preparing the p eople in those companies to in tro duce A CL-t yp e agen t systems. W e b eliev e dev eloping on tologies strongly dep ends on e�orts from those com- panies in v olv ed on suc h standardization pro cesses. Only those who are in v olv ed in the area can create appropriate mo dels, concepts, and w ords, on whic h w e can safely build the on tologies. Therefore what w e see is that they are quite ready to help us build on tologies and to in tro duce agen t systems. 3 Design Criteria The follo wings are design criteria for on tologies for database access. In designing it, w e pursued coherence and other criteria as men tioned in [4] as m uc h as p ossible, but w e put great emphasis on practicalit y at the same time. The system will b e useless with dra wbac ks suc h as long latency , ev en if w e could pro vide totally new functionalities b y using agen t tec hnologies. 3.1 Mo del W e mo del the database as a set of records. A \record" is something that can b e ask ed of v alues for sp eci�ed �elds. The mo del of set is used b ecause the set op erations b et w een the subsets of a database are necessities, esp ecially for online database access. W e considered the p ossibilit y of using lists instead of sets, but w e judged the list structure is not essen tial for database. The follo wing is an expression in KIF, whic h de�nes the class of \databases" as men tioned ab o v e. 2

(defrelation database (?db) := (and (set ?db) (exists (?set-of-fields) (and (set ?set-of-fields) (forall (?record ?field) (=> (member ?record ?db) (member ?field ?set-of-fields) (defined (field-value ?record ?field))))) ) ) ) In the ab o v e de�nition, \�eld-v alue" is a function. W e also regard this \�eld-v alue" as a relation in a usual manner (c.f. Chapter 8 in [2]). 3.2 Restrictions to Declarativ e Language With a declarativ e language suc h as KIF (c.f. [2]), one can easily come up with a problem description that can not b e solv ed ev en theoretically . A problem is practically unsolv able if the problem can not b e solv ed in the reasonable amoun t of time, These are the situations whic h w e do not w an t for the practicalit y of the system. But at the same time, w e do not w an t to lose the expressiv eness of KIF. W e ha v e to balance these demands. In order to do so, w e need reasonable restrictions to the expressiv eness of KIF. The follo wings are the candidates for suc h restrictions. � Use adv ertise p erformativ e in K QML (c.f. [1]) to restrict acceptable ex- pressions for queries to the agen t. � Use user in terfaces and restrict the expression of the queries user in terfaces dispatc h. � Syn tactic restrictions to KIF, suc h as to limit the kind of relations used in the queries. W e are curren tly taking the second approac h, that is to limit the expression of KIF b y user in terfaces. The follo wing is an example query sen t from a user in terface to ask the list of pro viders and prices for lettuces whic h w eigh 500 g or more and whic h cost less than 1000 y en for eigh t of them. 1 1 This message follo ws the rules describ ed at the end of Section 3.5. 3

(ask-all :aspect (?provider ?price) :content (and (is-a ?x agricultural-product) (provider-name ?x ?provider) (price ?x ?price) (product-name ?x ‘‘lettuce’’) (>= (weight ?x) 500|g) (< (* ?price 8) 1000|yen) ) ) \price" relation in the ab o v e, for example, sp eci�es the v alue for \:price" �eld of the record. This is de�ned b y the follo wing. (defrelation price (?x ?price) := (field-value ?x :price ?price)) W e used english w ords in the ab o v e example for easy understanding. Japanese w ords are actually used as men tioned in 3.4. 3.3 Easy Implemen tation W e b eliev e that database agen ts m ust b e easily implemen ted. Since w e apply these tec hnologies to the practical areas, w e can not exp ect the system con- structors to b e exp erts in the area of kno wledge sharing researc h. W e need to restrict on tologies to �t the capabilit y of the system constructors. 2 The restrictions men tioned in the previous subsection ma y apply . W e can also k eep the database agen ts simple b y making the facilitator do the part of \solving" the problem in to simples ones for the database agen ts. 3.4 Nativ e Language The nativ e language should b e emplo y ed where it is appropriate. In our case, w e allo w using Japanese w ords to express the concepts. This is b ecause there will b e m uc h less mistak es in creating the systems if one can use the language of his/her familiarit y . It is also true that there are concepts that ha v e appropriate w ords for only in one language and not others. W e b eliev e this will lead to faster deplo ymen t of more robust system. The language co ding sc heme should b e passed on in eac h K QML message. 2 The situation ma y c hange if w e can pro vide easy-to-setup to ols to mak e legacy databases in to agen ts. 4

3.5 Rule-based Adv ertisemen t In our system, database agen ts will adv ertise their capabilities to the facilita- tors. F acilitators forw ard queries to appropriate database agen ts, based on the kno wledge of their capabilities. Adv ertising the format itself of the query is to o restrictiv e. W e decided that a database agen t should adv ertise what kind of kno wledge they ha v e and the rules (or the name of a set of rules) whic h decide the query is acceptible for the agen t or not. Therefore w e are limiting the syn tax of KIF used in queries to database agen ts. F or the kno wledge part, the database agen t essen tially tells the facilitator the �eld names of the record, and what kind of ob jects the v alues for the �elds are. With the latter (the kind of ob jects), agen ts and facilitators can agree on what legal expressions of the v alues for the �eld are. This adds more robustness to the system. There are also included natural language descriptions for the �elds. F or the rule part, the database agen t adv ertise the rules whic h can decide whic h query is a legitimate one for the agen t. Or w e migh t mak e the database agen ts and the facilitators share a set of rules, and the database agen ts adv ertise with a relational sen tence that they follo w that set of rules. W e to ok the latter approac h. \allo ws-database-query" in the follo wing ex- ample is the relation whic h tells that the agen t follo ws the rules in the list after the example. The example is an adv ertisemen t message for a database agen t named \xyz-fo o ds," whic h is sen t from a database agen t to a facilitator. (database xyz-foods) (=> (member ?x xyz-foods) (is-a ?x agricultural-product)) (field-definition xyz-foods :JAN-code (quote is-text) "JAN (Japan Article Number) code") (field-definition xyz-foods :price (quote is-number-currency) "price per unit") (field-definition xyz-foods :color (quote is-color) "color of the product") ... (allows-database-query xyz-foods) By sending this message, b oth the agen t and the facilitator agree that the agen t can handle queries with relations whic h abide b y the follo wing rules. � Relation of �elds and their v alues � Arithmetical relation b et w een quan tities 5

� An y logical com bination of relational sen tences ab o v e 4 Summary In this pap er, w e ga v e the design criteria for on tologies for database access whic h w e got in the pro cess of designing our on tology for database access. W e are still w orking on protot yp es and the on tology , and the details are sub ject to man y c hanges. W e b eliev e that w e will b e able to giv e more details at the time of the symp osium. References [1] T om Finin: \Sp eci�cation of the K QML Agen t-Comm unication Language", 1994/2, http://www-ksl.stanford.edu/knowledge-sharing/papers/README.html#kqml-spec [2] Mic hael R. Geneseareth and Ric hard E. Fik es: \Kno wledge In terc hange F ormat V ersion 3.0 Reference Man ual", 1992/6, http://www-ksl.stanford.edu/knowledge-sharing/papers/README.html#kif [3] Guy Steele, \Common LISP", 1990, Digital Press. [4] Thomas R. Grub er: \T o w ard Principles for the Design of On tologies Used for Kno wledge Sharing", August, 1993. 6