Amalgamating SGML Do cumen ts and Databases Masatoshi Y oshik a w a Osam u Ic hik a w a Sh unsuk e Uem ura Graduate Sc ho ol of Information Science Nara Institute of Science and T ec hnology 8916-5 T ak a y ama, Ikoma, Nara 630-01, Japan phone: +81 (7437)2-5331 fax: +81 (7437)2-5399 e-mail: f y osik a w a,osam u-it,uem ura g @is.aist-nara.ac.jp Abstract SGML is a markup language whic h can express informations on the logical struc- ture of do cumen ts. By making use of these informations, do cumen ts can b e retrieved not only by conten t-based but also by structure-based queries. In this pap er, w e prop ose a uniform and exible mec hanism to make reference links from SGML do cu- men ts to database ob jects. In addition to t ypical do cument structures such as chap- ters, sections and paragraphs, our mechanism allows arbitrary words in do cuments as the source of these links. By using this mec hanism, SGML attributes and their v alues of marked-up words can b e transparently stored as database attributes, and w e can establish h yp erlinks b etw een k eyw ords in texts, which re ect the keyw ords’ deep seman tics. Also, we present a query language to retrieve SGML do cuments which are coupled with databases in this manner. The query language do es not assume a particular database sc hema; instead, it utilizes DTD graphs, represen ting element structures of DTDs, as virtual schemas. Keyw ords: Structured do cuments, SGML, hyperlink, query language 1 In tro duction SGML is an international standard do cument markup language[ISO86]. During the past few y ears, SGML has b een gaining its p opularity in wide area including (electronic) publishing, CALS and h yp ertext. One of the most p opular application of SGML is the HTML used in WWW (W orld Wide W eb). Tw o ma jor comp onents of an SGML do cumen t are a DTD (Document T yp e De�nition) and a do cumen t instance. The DTD represen ts a grammatical rule of logical structure of do cuments, and the do cument instance is a do cument conform 1 to the DTD. The do cument instance has, in addition to its conten ts, embedded tags to represen t the logical structure and other attac hed information. A ma jor goal of the SGML is to provide a framework to exp edite the pro cessing, exchange and reuse of texts b y making use of the logical structure of texts. Since database technologies play a crucial role to attain this goal, SGML databases are emerging as an imp ortant research area[SDAMZ94, LZSD95, AMFL + 95]. Storing SGML do cumen ts b y taking adv an tage of their logical structures mak es it possible to retrieve texts not only b y conten t-based but also b y structure-based queries. Early studies in this direction include works of Macleo d[Mac90, Mac91]. More recently , Christophides et. al. [CA CS94, CR94] dev elop ed a query language, which is an extention of O 2 SQL, to retrieve do cument instances. This query language assumes an O 2 schema whic h are enhanced to represen t DTDs. Blak e et. al. [BCK + 94] gav e a framework to retriev e document instances b y SQL utilizing virtual relations of which structure is indep endent of the DTD. These past researc hes in this area are mainly fo cusing on the dev elopmen t of 1) database sc hemas to store SGML do cuments based on their logical structure, and 2) query languages to retriev e text comp onents satisfying searc h conditions. Suc h developmen t is an important step to ac hiev e e�cien t storage and op eration of large amoun t of SGML do cu- men ts. How ev er, since the SGML is highly versatile language, there exists a big p otential of applying database tec hnologies in other asp ects of SGML do cument pro cessing whic h include creation, editing and application. Databases play an imp ortant role to supp ort the creation of high-quality texts. As an approach tow ard this goal, w e prop ose a fundamen tal mec hanism to establish links b et w een comp onents of SGML do cuments, such as k eyw ords and SGML elements , and database ob jects. The comp onen ts of SGML do cuments here might b e arbitrary c haracter strings as well as do cument elements. Based on this fundamental link mechanism, we in tro duce a new logical lay er on top of the SGML framework whic h enables a uniform represen tation of several references among SGML do cuments and databases. F urthermore, w e present a query language which can express the retriev al of do cument elemen ts based on b oth their logical structures (such as sections and paragraphs) and their con ten ts. More sp eci�cally , the main contribution of this pap er can b e summarized as follows: 1. W e prop ose a uniform and exible mechanism to make references from SGML do c- umen ts to database ob jects. This mechanism allo ws not only do cument elements but also arbitrary c haracter string in SGML do cuments as link sources. The refer- ence mechanism, whic h realizes deep amalgamation b etw een SGML do cumen ts and databases, yields the following adv an tages: � In SGML, logical constructs of do cumen ts suc h as sections, paragraphs and key- w ords can b e \marked up" using tags. T ags ma y hav e attributes, called SGML attributes, whic h can b e used to record some information on the mark ed-up blo cks of character strings. With our mechanism, some of these SGML attributes and their v alues can b e uniformly managed by databases. 2

� Using the information on k eyw ords stored in databases, we can establish hy- p erlinks b etw een those k eyw ords in texts, which re ect the k eyw ords’ deep se- man tics. Both these hyperlinks and logical structure of texts can b e used in queries. As far as we know, no other researc h in literature prop osed such reference mec ha- nism b etw een SGML do cuments and database ob jects, which allows references from arbitrary c haracter strings in texts. 2. The fundamental reference mechanism stated ab ov e adds new dimensions to the kinds of h yp erlinks among do cuments and databases. W e articulated the following three dimensions: i) links to do cumen t elements v.s. links to database ob jects, ii) mark ed- up elements as link source v.s. arbitrary c haracter strings as link source, iii) direct links v.s. indirect links, Th us, the com bination of these dimensions yields many kinds of links. W e ha v e newly in tro duced virtual elemen t markup, which allo ws a uniform sp eci�cation of these wide v arieties of links in logical level. 3. F urthermore, we hav e developed a query language whic h can fully exploit the deep amalgamation of SGML do cuments and databases established by ab ov e men tioned linking mechanism. Our query language can express complex queries in which quali�- cations are sp eci�ed by a com bination of do cumen ts’ logical structure, conten ts, links and database attributes. This query language can b e used also to express indirect links mentioned in 2 iii) ab o v e. Another imp ortan t feature of the query language is that it do es not assume a particular database schema nor database mo del; instead, it utilizes DTD graphs, representing the logical structures of element in DTDs, as virtual sc hemas. F urthermore, compatibility is another notable feature of our framew ork. Firstly , as for the ab ov e men tioned p oin ts 1 and 2, our mec hanism is designed to b e \upw ard com- patible" to the SGML standard. Hence, existing SGML do cuments can b e \upgraded" in our framew ork b y making very minor mo di�cation to DTDs. Secondly , as mentioned in the p oint 3, since our query language do es not assume particular database schema, our general idea can b e applied to other sc hemas and query languages for structured do cuments proposed so far. Since our prop osal is \orthogonal to" the trend of man y other researches in this area, we exp ect the combination of our mechanism and other researc h results would yields synergistic e�ects. In this pap er, Section 2 gives an ov erview of the SGML. Section 3 describ es a uniform framew ork amalgamating structured do cumen ts and databases. In Section 4, detailed dis- cussions are given to establish links from arbitrary character strings in SGML do cumen ts to ob jects stored in databases. Section 5 illustrates a wide range of queries expressed using our query language. Section 6 presents b oth the static and dynamic reference mechanism betw een do cumen t elements. The dynamic references utilize the query language given in Section 5. 3

<!DOCTYPE article [ <!ELEMENT article -- (title, author+, abstract, section+)> <!ATTLIST article id ID #IMPLIED> <!ELEMENT section -- (title, p*, subsectn*)> <!ATTLIST section id ID #IMPLIED> <!ELEMENT subsectn -- (title, p+, subsectn*)> <!ELEMENT title -- (#PCDATA)> <!ELEMENT author -- (#PCDATA)> <!ELEMENT abstract -- (#PCDATA)> <!ELEMENT p -- (#PCDATA)> <!ATTLIST p idref IDREFS #IMPLIED> <!ENTITY RDB "Relational Database"> ]> Figure 1: An example DTD. 2 SGML SGML (Standard General Markup Language)[Gol90, vH94] is an international stan- dard markup language (ISO 8879[ISO86]), which allows the description of structures and attributes of do cuments. Basically , SGML do cuments consist of t w o comp onents: DTDs and do cument instances. DTD (Do cument Type De�nition) de�nes the grammar to whic h the logical structure of do cumen ts must conform. Do cument instances 1 , whic h has logical structure conform to the corresp onding DTD. DTDs are de�ned for each t yp e of do cuments, suc h as do ctoral thesis, tec hnical rep ort, man ual, and so on. In general, many do cument instances are created according to the logical structure de�ned by a DTD; hence, DTDs ha v e some analogy with database sc hema, and do cument instances with database instances. W e illustrate these comp onen ts using examples in more detail. � DTD (Figure 1) A DTD consists of the follo wing three parts: { Elemen t declaration which declares the elemen t names to form do cument instances, and de�ne the logical structure, element name, o ccurrence order of the elements, etc. of do cuments. { A ttribute list declaration which de�nes, for eac h elemen t, SGML attributes, their declared v alues (or \domain" in database terminology), the default v alues and whether the attribute is mandatory or not. 1 Do cument instance is a terminology used in the ISO standard. In literature, terms \mark ed do cument" or \marked text" are also used. 4

<!DOCTYPE article SYSTEM "article.dtd"> <article><title>Structured Documents</title> <author> ... </author><author> ... </author> <abstract> ... </abstract> <section><title>Introduction</title> <p>SGML is the language based on the ... </p> </section> <section><title>Basic Concepts</title> <subsectn><title>General Markup Languages</title> <p>The first general markup language is ... </p> <p>In 1986, ISO ... <p> ... </subsectn></section> </article> Figure 2: An example do cumen t instance. { En tit y declaration which de�nes en tities whic h can b e used in do cumen ts and are replaced by SGML parsers in to another prede�ned strings. � do cument instance (Figure 2) A do cumen t, conforming to the corresp onding DTD, em b edded with v arious t yp es of tags and entit y references. T ags are used to sp ecify the starting and ending p ositions of eac h logical structure such as chapters and sections. Moreov er, by using entit y references, systems will replace short reference names by long prede�ned strings. In do cument instances, SGML attributes are describ ed within the start-tags. The usage of SGML attributes is unrestricted. W e can roughly classify the usage of SGML attributes as follows: 1. SGML attributes with v alues dep endent on the con texts. The v alues are dep en- den t on the tag o ccurrence which contain the attribute. F or example, figid in <figure figid=’piechart1’> uniquely designates a sp eci�c o ccurrence of element. Also, type in <div1 type=’section’> designates the t yp e of a sp eci�c element. 2. SGML attributes with v alues indep endent of the contexts. The v alues are indep endent of the tag o ccurrence which con tains the attribute. age in <person age=20>Joe Doe</person> falls in to this category . In the SGML, entities are used for referencing to long sentences and strings by a short name, and for taking in do cumen ts stored in another �le . In general, using entities mak es it p ossible 5

(a) SGML do cument and applications. (b) Reference mechanism from SGML do cuments to database ob jects. Figure 3: Enhancing the SGML functionality . � to refer to the w ords, which is an another do cument or (long) strings, which app ear man y times in the do cument with a short reference name, and to take them in an arbitrary place; � to manage the declared con ten ts of entities collectively; and � to b e referred from m ultiple DTDs using parameter entit y as to the entities used in common. 3 A Uniform Reference Mec hanism Amalgamating Structured Do cumen ts and Databases Although the SGML provides a general framew ork for logical structuring of do cumen ts, the �nal usage of do cument instances conforming to SGML is out of the scop e of the standard, and are up to application programs. In other w ords, SGML do cuments are \half-�nished products". By using application programs for eac h purp ose, w e can obtain \�nal pro ducts" in a form of suc h as b o oks, CD-R OMs, h yp ertext and etc. (Figure 3(a)) 6

This implies that b y enhancing the functionality of SGML do cuments as \half-�nished products", w e can build an environmen t in which ev ery \�nal pro duct" can enjoy the enhanced functionalit y . Our premise is that one imp ortan t enhancemen t is to provide a general mec hanism to make references from arbitrary do cument elemen ts and character strings in SGML do cuments to database 2 ob jects (see Figure 3(b)). Such facilities are not supported within the framework of the SGML. This functionality of references yields the follo wing adv an tages: � SGML attributes of whic h v alues are indep endent of the p osition of the tag’s o ccur- rence (i.e. context) can b e stored in databases, and can enjoy its adv an tages (i.e. easy main tenance of v alue up date, concurrency control, indexing and etc.). A mec hanism can b e pro vided to mak e these database attributes b e view ed as if they w ere ordinary SGML attributes. Also, schema ev olution in the underlying database is re ected to the SGML attributes without c hanging DTDs. � By marking up imp ortan t words which represent real-world en tities, and b y using our reference mec hanism, (a part of ) semantics of words can b e managed in databases. This makes it p ossible to utilize the informations of b oth logical structure and seman- tics of do cuments; thus { (indirect) hyperlinks, based on deep semantics, b etw een words can b e estab- lished; and { utilizing these hyperlinks, a wide v ariet y of queries can b e p osed. The introduction of this fundamen tal reference mechanism enable us to establish sev eral kinds of linksb et w een do cuments and databases. W e classify these links along with the follo wing three dimensions: 1. links to do cument elements v.s. links to database ob jects 2. macroscopic link v.s. microscopic link 3. direct links v.s. indirect links In the 2nd dimension ab ov e, \macroscopic" means the link is established for do cument elemen ts declared in DTDs. These do cumen t elements typically corresp ond to a blo ck of sen tences such as c hapters and sections. Whereas, \microscopic" implies links for more atomic units of texts suc h as words and phrases. This pap er takes into accoun t microscopic markups b esides macroscopic markups which many other studies hav e b een fo cused on. As for the 3rd dimension, SGML pro vides direct links using ID and IDREF , but not indirect links. Since indirect links are indisp ensable to establish exible linking, w e will pro vide 2 In general, SGML do cuments might also b e stored in the \Database" in Figure 3(b). Although our discussion in this pap er applies to such situations as well, we assume, without loss of generality , that the \Database" do es not store SGML do cuments. 7 indirect links using our query language. The com bination of the �rst and the third dimen- sions yields four links in all. Figure 4 illustrates these four links 3 . In the next section, w e will fo cus our atten tion on microscopic links to database ob jects, and will discuss in detail the mec hanism to uniformly sp ecify the links. 4 Microscopic Links to Database Ob jects As presented in Section 3, there are, in general, a wide v ariet y of links. Among these man y links, microscopic links referencing to database ob jects are not extensively studied in literature so far. In this section, we fo cus our attention on this t yp e of links, and will illustrate the general framew ork to uniformly sp ecify the links b y using this t yp e of links as example. 4.1 Using A ttributes within the F ramew ork of SGML In this subsection, we describ e the metho d to express the prop erties of real-world entities using SGML attributes, and rev eal the problem of this metho d. Let us consider representing imp ortant words and phrases in do cuments. F or example, some prop erties of a p erson named \Do e" can b e describ ed using SGML attributes as: <person ssn=1234567 age=20 address="Nara">Doe</person> (1) Similarly , the p opulation of the city \Nara" can b e recorded as follo ws: <city population=240000>Nara</city> (2) Of course, sp ecifying the pairs of SGML attribute names and v alues for each o ccurrence of the tagged con ten ts \Do e" and \Nara" in structured do cumen ts will b e a cum b ersome task. The en tit y declaration b elo w, whic h is part of a DTD, will ease the task. With this declaration, eac h o ccurrence of &joedoe; and &nara; in do cument instances is replaced by the ab ov e c haracter strings (1) and (2), resp ectively . <!ENTITY joedoe "<person ssn=1234567 age=20 address="Nara">Doe</person>"> <!ENTITY nara "<city population=240000>Nara</city>"> Ho w ev er, the management of attribute v alues within the SGML framew ork describ ed abov e has the following problems: Problem 1: The up date of SGML attribute v alue(s) cause the rewriting of en tit y decla- ration in DTD, and re-parsing of every do cument instance which refers the markup containing the up dated attribute(s). This scenario is, of course, un- realistic. 3 All of these four links can b e viewed as microscopic links. 8 dictionary (a ) do espap er indirect select a.id from < article > a where a. < author > = \Jo e Do e" (b) do es�rstchap direct do ec hap1 (c ) mit-studen ts indirect select a from a in Studen t where a.univ ersit y = \MIT" (d) jo edo e direct # 3976 Figure 4: V arious links among structured do cuments and database ob jects. 9

Problem 2: In SGML, tag names and their attributes m ust b e declared in DTD b efore do cumen t instances are created. Ho w ev er, tag names and their attributes in elemen t markups (1) and (2) has exactly same semantics as classes and attributes of ob ject-oriented databases. Hence, it is quite unlikely to b e able to predict all classes and attributes of real-world ob jects referred in (unlimited num ber of ) do cument instances. 4.2 Referencing Database Ob jects Using Generalized T ags The SGML attribute v alues in elemen t markups (1) and (2) do not dep end on the o ccurrence position of tags whic h include those attributes. Therefore, a natural solution to resolve the Problems 1 and 2 in Subsection 4.1 is i) to store these SGML attribute v alues and tag names suc h as person and city in databases; and ii) to provide a mechanism to refer from tags in do cument instances to the corresp onding database ob jects. T o resolve the Problem 2, w e need to use a single tag, say \ dbobject ", for referencing database ob jects. Using this tag, elemen t markups (1) and (2) can b e represen ted as follo ws: <dbobject type = person oid = 1234>Doe</dbobject> (3) <dbobject type = city oid = 2345>Nara</dbobject> (4) The v alues of the SGML attribute oid in the elemen t markups (3) and (4) are OIDs of \Doe" and \Nara" in the underlying database, resp ectiv ely . Let us assume the attributes of the person t yp e in the underlying database b e ssn, age and address . By preparing an SGML application program which, given the element markup (3), generates the SQL sen tence \ SELECT * FROM person WHERE oid=1234 ", w e can virtually provide users with the information of (1) in texts. By providing query results in this w a y , each dbobject elemen ts can p ossess the attribute v alues stored in databases as if they were de�ned as SGML attributes. In this wa y , we can refer to any types of database ob jects by using the single generalized tag dbobject in a uniform manner. Again in this case, using the element management facility b y SGML en tities describ ed in Subsection 4.1, we can refer long character strings like (3) and (4) b y short reference names. F or this purp ose, eac h dbobject element is declared in entit y declaration; for example the element mark up (3) migh t b e declared as: <!ENTITY joedoe "<dbobject type = person oid = 1234>Doe</dbobject>"> With this entit y declaration, eac h o ccurrence of &joedoe; (i.e. en tit y reference) in do cu- men t instance is replaced by the character string (3). As stated earlier, w e assume that SGML do cuments, whic h are conform to our prop os- ing framework, are created from scratch. How ev er, upgrading existing SGML do cuments to make them able to refer database ob jects is also very easy . The required mo di�cations to DTDs are the follo wing v ery simple one: 1. Insert the element and attribute declarations of the newly in tro duced tag dbobject . 10

<!ELEMENT root -- ( !D !$ !D ) +(dbobject)> !D <!ELEMENT dbobject -- (#PCDATA)> <!ATTLIST dbobject type CDATA #REQUIRED oid CDATA #IMPLIED> Figure 5: The DTD to refer to database ob jects. 2. De�ne dbobject in the ro ot elemen t of DTDs using the \inclusion" facility of SGML ( +(dbobject) in Figure 5). By de�ning as an \inclusion", dbobject element can app ear in any place within do cument instances conforming to the DTD. The DTD after these mo di�cation is illustrated in Figure 5. Note that these mo di�cation does not a�ect existing do cument instances at all unless we do not utilize the added func- tionalit y of referencing database ob jects. Otherwise, if we wan t to use this functionalit y , the modi�cation to do cument instances is just to insert dbobject tags to appropriate p ositions. 4.3 Virtual Elemen t Markup In the previous subsection, w e hav e describ ed basic machanisms of microscopic markups and the reference to database ob jects. T o make this mec hanism more versatile and easy to use, the mechanism still has the follo wing problems: 1. P arameterization of taged contens (i.e. c haracter strings.) The same real-world ob ject is often denoted by sev eral di�erent c haracter strings dep ending on their o ccuurrence p ositions. F or example, a p erson may b e denoted as \Do e" in some p osition and as \J. Do e" in another p osition within the same text. T o deal with this situation with the metho d describ ed in the previous section, we hav e to declare as many entities as di�erent kinds of character strings. (The en tit y reference of the SGML do es not provide a facilit y to parameterize a part of replaced character strings.) 2. The functionalities within the ordinary SGML framework should not b e sacri�ced. Sp eci�cally , we should b e able to declare the SGML attributes whose v alues are dep endent on the o ccurrence of tags. 3. The information on the linking to database ob jects should b e shared among SGML do cuments. In this section, we will introduce the notion of virtual en tit y markup to cop e with these problems. 11

Firstly , w e cannot meet the requirement 1 men tioned ab o v e within SGML framew ork because the entit y reference of SGML do es not ha v e the functionality of parameterizing c haracter strings. It is also di�cult to meet the requirement 2 by simply extending the mec hanism presented in the last subsection within the SGML framework. Th us, we will in tro duce a new logical lay er on top of the SGML framework. Users logically create and view SGML do cuments in this new lay er, and then those SGML do cuments are translated to �t into the ordinary SGML framew ork. The notation of markups in this new logical la y er is similar to ordinary element markup; \ << " and \ >> " are used for tag op en and close delimiters instead of \ < " and \ > ". The general notation is as follows: <<ven a 1 = v 1 !D a n = v n >>A<</ven>> where ven is a virtaul element name , and a 1 , !D , a n are SGML attribute names of ven whose v alues are dep endent on the o ccurrence p osition of the tag (Hence these attributes cannot b e stored in the underlying database). v 1 , !D , v n are v alues of a 1 , !D , a n . Also, A is a conten t (i.e. character strings which app ear in texts). By enclosing conten ts with a pair of start-tag and end-tag in this wa y , we can nest virtual element markup as in the case of elemen t markups in ordinary SGML. F or example, let us assume that we wan t to use \Do e" to represent, in one context, a person having oid 1234 , and to use \J. Do e" in another context. Then, these representations are denoted as (5) and (6), resp ectively . <<joedoe>>Doe<</joedoe>> (5) <<joedoe>>J. Doe<</joedoe>> (6) F urthermore, if we w an t to sp ecify an SGML attribute only for (5), we can use the follo wing notation. <<joedoe comment = "...">>Doe<</joedoe>> There are, in general, more than one virtual element markups ha ving di�erent conten ts but referring to the same database ob ject (e.g. (5) and (6)). Since the information necessary to refer to the corresp onding database ob ject is common to all of these virtual element markups, by storing these information in a separate dictionary �le, a prepro cessor can translate, by lo oking up the dictionary , text �les 4 containing the ab ov e men tioned virtual elemen t markups in to do cument instances (see Figure 6). The extention describ ed in this subsection requires the attribute list declaration given in the last tw o lines of the DTD in Figure 5 b e changed as follows: <!ATTLIST dbobject type CDATA #REQUIRED oid CDATA #IMPLIED sgmlatt CDATA #IMPLIED> 4 W e call these �les \raw do cument instances". 12 dictionary ven type oid jo edo e p erson 1234 . . . . . . . . . ra w do cument instance <<joedoe>>Doe<</joedoe>> <<joedoe>>J. Doe<</joedoe>> <<joedoe>>Joe Doe<</joedoe>> DTD <!ELEMENT root -- ( !D !$ !D ) +(dbobject)> !D <!ELEMENT dbobject -- (#PCDATA)> <!ATTLIST dbobject type CDATA #REQUIRED oid CDATA #IMPLIED sgmlatt CDATA #IMPLIED> !D do cumen t instance <dbobject type = person oid = 1234>Doe</dbobject> <dbobject type = person oid = 1234>J. Doe</dbobject> <dbobject type = person oid = 1234>Joe Doe</dbobject> Figure 6: The concept of virtual element markup. 13

5 The Query Language By utilizing logical structural informations, SGML do cumen ts can b e retrieved not only b y con ten t-based but also b y structure-based queries. In order to make queries e�cien tly using logical structures of do cuments whic h DTDs represent, w e introduce DTD graphs. A DTD graph is a directed graph which represen ts each elements in DTDs as corresp onding no des in its graph (see Figure 7). The query language utilizes DTD graphs as virtual schemas of documents. Figure 7: An example DTD graph. Besides querying logical structures of SGML do cuments, with the amalgamation mec hanism presented in the previous section, we can also retriev e do cumen ts on the basis of the information stored in underlying databases. The query language in tro duced in this section makes it p ossible to query the informations stored in databases whic h are amal- gamated with structured do cumen ts in the same wa y as querying structured do cuments. The query language can also na vigate hyperlinks represented by ID/IDREF. W e will illus- trate examples of queries whic h exploit deep amalgamation of structured do cuments and databases. 5.1 Queries on Logical Structures of Do cumen ts 5.1.1 Con ten t-based Query Q 1 Find the title and the �rst author of articles having the abstr act c ontaining \SGML" and \HyTime". 14

� � SELECT <title>, <author>[1] FROM <article> WHERE <abstract> contains ‘‘SGML’’ and ‘‘HyTime’’ � � W e sp ecify elemen t names ha ving S T AGO ( < ) and E T AGO ( > ). In the FROM clause, w e sp ecify elemen t names de�ned in DTDs, and restrict the searched range. In the SELECT clause and the WHERE clause we should sp ecify the low er elemen ts than those sp eci�ed in the FROM clause. Elemen ts de�ned by o ccurrence indicator(\+" or \ � ") are sp eci�ed b y using \[ ]" notation in the query language. If we sp ecify the < el ement > [ � n ], that means the times of the elemen t from the last rep etition of its elemen t. F urthermore, the contains predicate is used to identify the elemen t that con tains the query terms. 5.1.2 P ath Expression Q 2 Find the title and the abstr act of articles c ontaining \OODBMS" in the thir d p ar agr aph of the se c ond subse ction of the �rst se ction. � � SELECT <title> , <abstract> FROM <article> WHERE <section>[1].<subsectn>[2].<p>[3] contains ‘‘OODBMS’’ � � In Q2, element names is sp eci�ed b y using dot notation to represent the parent- c hild relationship. The path expression <section>[1].<subsectn>[2].<p>[3] is a path selecting the �rst section, the second subsection of this section, and the third paragraph of this subsection. W e can query paths like standard data. 5.1.3 Incomplete Path Expression Q 3 Find al l titles in articles. � � SELECT a..<title> FROM <article> a � � The result of this query is a set of titles reached from the ro ot of article . Such as Q3, w e can query do cuments without exact kno wledge of their logical structure b y using \.." notation. 5.2 Queries on Database Ob jects through SGML A ttributes By amalgamating structured do cuments and databases, we can p erform the v arious queries to do cuments using informations whic h are stored in databases. 15

5.2.1 Queries using Database Information Q 4 Find the title, the author and the authors’ age of articles having an abstr act c ontaining \datab ase". � � SELECT <title>, <author>, <author>.person.age FROM <article> WHERE <abstract> contains ‘‘database’’ � � In Q4, w e assume that the element <author> has additional informations stored in databases. So w e can retriev e informations stored in databases through do cuments by specifying database informations righ t on the heels of the element name. Q 5 Find lar ge cities app e ar e d in articles, and title. � � SELECT <title>, a..<*>.city.name FROM <article> a WHERE city.population > 500,000 � � The <*> is the notation that represents all the elements, and w e can also use \.." notation to represent an ambiguous path. In the SELECT clause, we need the mec hanism to �nd out the ob jects, which exist in the do cument, amalgamated with database \cit y". In the WHERE clause, the ob jects, whic h exits in the do cumen t, may exist throughout the do cumen t. But data concerned with the cities are just stored in the database \cit y", so w e may just retrieve the database amalgamated with the do cumen ts. 6 Link Mec hanism among Do cumen ts In Section 4, we ha v e prop osed a fundamental mechanism to uniformly mak e a reference from arbitrary character strings in SGML do cuments to database ob jects. In this section, w e turn our attention to hyperlinks b et w een SGML do cument elements. First, w e brie y presen ts static links which utilize the cross-referencing mec hanism of the ID/IDREF of SGML. Then, we illustrate dynamic links which uses query language presen ted in Section 5. The destinations of dynamic links presen ted here may change dep ending on the information of the underlying databases as well as do cument structures and do cument conten ts. Finally , w e will extend the virtual elemen t markup to include the links to do cument elements. 6.1 Static Link Using ID/IDREF In the SGML world, h yp ertext links b etw een do cument elements are made using ID/IDREF functionalit y . SGML attributes which ha v e the declared v alue ID are used to give a unique iden ti�er to each element. These iden ti�ers are referred from SGML attributes with declared 16

<!ATTLIST dbobject type CDATA #REQUIRED oid CDATA #IMPLIED id ID #IMPLIED idref IDREFS #IMPLIED dids CDATA #IMPLIED sgmlatt CDATA #IMPLIED> Figure 8: A ttribute declaration of the elemen t dbobject . Figure 9: References using the elemen t dbobject . v alue IDREF. T o make use of this functionalit y , all we ha v e to do is just to declare SGML attributes with declared v alue ID (IDREF, resp ectiv ely) in the attribute list declaration of the elements we w ould like to b e referred (to refer, resp ectiv ely). This is also true for the dbobject elemen t in tro duced in Section 4. Hence, we extend the SGML attribute declaration shown in Figure 5. The new attribute list declaration after this extention 5 is sho wn in Figure 8. Note that we hav e declared the following tw o SGML attributes for the dbobject elemen ts for reference purp ose (see Figure 9): � oid : for the references to database ob ject. � id : de�ned with the declared v alue ID, for hyperlinks. 5 Figure 8 also includes the attribute dids which is explained in Subsection 6.2. 17

Figure 10: Dynamic link using dbobject . The h yp erlinks using ID/IDREF feature are static links whose destinations are �xed. 6.2 Dynamic Link In the cross-referencing which make use of ID/IDREF, the referred elements are sp eci�ed statically , and the cross-referencing is established by a unique identi�er attribute. In this section, we describ e the mec hanism to decide the referred elemen ts dynamically using the query language presented in Section 5. An SGML attribute with IDREF, presented in the previous subsection, has an ID as its v alue. Whereas queries giv en in Section 5 returns a set of IDs as results. In general, the obtained set of IDs dynamically change dep ending on the set of do cumen t instances as well as the underlying database instance. Therefore, w e can use queries to establish h yp erlinks b y using the IDs the queries return. T o hold query sentences in do cument elements for dynamic linking use, we need to de�ne a new SGML attribute which has a query sentence as its v alue. W e name the SGML attribute \ dids ", which stands for \dynamic IDs". There are tw o t yp es of queries to sp ecify referred elemen ts. 1. queries on do cuments (given in Subsection 5.1) 2. queries on b oth do cuments and underlying databases (giv en in Subsection 5.2) W e illustrate dynamic hyperlinks using these types of queries. 18

!D !D !D !D <p dids = !H SELECT <article>.id FROM <article> WHERE <abstract> contains ’multimedia’ and <author>.person.age <= 30 !I > !D !D !D !D !D </p> !D Figure 11: Dynamic link using database informations. Figure 10 illustrates a dynamic hyperlink using the �rst type of query . In this example, the character string \Date’s pap ers" is mark ed up with dbobject tags. The SGML attribute dids holds a query whose results may c hange dep ending on the curren t set of SGML documents. In this wa y , a dynamic link can b e established from particular character strings in do cuments. The next example illustrates the dynamic link using b oth do cumen t structures and the underlying database information. W e can establish h yp erlinks using information stored in the underlying databases whic h are amalgamated with elemen ts in do cumen ts by sp ecifying a query of type sho wn in Subsection 5.2 as the v alue of SGML attribute dids . F or example, let us assume w e would like to establish a h yp erlink from a paragraph to the do cuments suc h that 1) the abstract contains the word \ m ultimedia" and 2) at least one of the authors’ age is less then 30, Note that the condition 1) is concerned with the do cument structure (and con ten ts), whereas the condition 2) is concerned with the do cumen t structure and the information stored in the underlying database. Since the authors’ age changes y ear by y ear, the set of do cumen ts obtained as the destination of this hyperlink ma y dynamically c hange. Figure 11 represents the sp eci�cation of this hyperlink. Again in this case, we can use the SGML attribute dids to hold a query sentence. 6.3 Virtual Elemen t Markup for Do cumen t Hyp erlink Although dynamic links describ ed in Subsection 6.2 are useful mechanism, sp ecifying a long SQL sentence as sho wn in Figure 10 for eac h o ccurrence of the link in do cuments is a tedious task. Therefore, w e will extend the notion of virtual elemen t markup in tro duced in Subsection 4.3 to cov er (b oth static and dynamic) h yp erlinks b et w een SGML do cuments. With the notion of virtual elemen t markups and dictionaries, w e can sp ecify h yp erlinks in do cumen ts with short virtual element names, from whic h a prepro cessor can generate entities of dbobject elements. As describ ed in Subsection 4.3, the dictionary needs the following attributes to gen- erate entities . 1. ven to sp ecify con ten ts of the ob ject whic h exist in do cumen ts 19 ven type oid id tanak a p erson 1234 s1.2 d-cars car select !D { date-pap ers reference { SELECT <article>.id FROM <article> WHERE <author> = ’C. J. Date’ . . . . . . . . . . . . Figure 12: An example dictionary . 2. type of the ob ject which the conten ts of do cumen ts represen t 3. oid to refer to the ob ject stored in databases In Section 4, by using lo cal dictionaries, entities are generated from virtual elemen t markups, and it b ecame p ossible to amalgamate with databases. In this subsection, we will further in tro duce a new attribute in this dictionary , whic h represen ts elements’ id referred from dbobject elements, in order to allo w succinct sp ec- i�cations of h yp erlinks using a virtual element markup in the same manner. An example dictionary is given in Figure 12. The attribute oid in this dictionary holds either an oid to statically sp ecify a database ob ject or an SQL sentence to dynamically sp ecify oid(s). Whereas the newly introduced attribute id holds either an id to statically sp ecify a do c- umen t elemen t referred from dbobject or an SQL sen tence to dynamically sp ecify id(s). Eac h attribute tak es null v alue if there are no elements or ob jects to refer. F or example, if the ab ov e dictionary was de�ned, the dynamic link sho wn in Figure 10 can b e sp eci�ed succinctly as: <<date-papers>>Date’s papers<</date-papers>> (7) The prepro cessor replaces eac h o ccurrence of the virtual elemen t markup (7) with the follo wing dbobject elemen t. <dbobject type = reference dids = SELECT <article>.id FROM <article> WHERE <author> = ’C. J. Date’> Date’s papers </dbobject> Th us, by using the notion of virtual elemen t markup and dictionaries, we can p erform a succinct sp eci�cation in the same uniform manner for the amalgamation with database ob jects as w ell as with do cumen t elements. 20

7 Conclusion In this pap er, we hav e in tro duced a new logical lay er on top of the SGML architecture, whic h provides a uniform and exible reference mec hanism among SGML do cumen ts and database ob jects. W e ha v e also developed a query language which can fully exploit the amalgamation of SGML do cuments and databases. Although we illustrated, in Section 6, dynamic linking mec hanism using our query language, the basic idea is indep enden t of the query language used. Therefore, we can employ other query language (e.g. HyQ[Kim93]) to pro vide the dynamic linking functionalit y . In this pap er, w e hav e assumed the underlying databases reside in a single site. How- ev er, in general, databases referred from within SGML do cumen ts may spread ov er wide- area net w ork. In that scenario, we would need the in tro duction of the notions of \hosts" and \service" similar to those in CGI (Common Gatewa y In terface)[h tt] of WWW. W e are no w implementing a protot yp e of our virtual element markup mechanism with the situation where databases b eing disseminated ov er the In ternet. References [AMFL + 95] T. Arnold-Mo ore, M. F uller, B. Lo w e, J. Thom, and R. Wilkinson. The ELF data mo del and SGQL query language for structured do cument databases. In Pr o c. of 6th Austr alasian Datab ase Confer enc e (ADC’95) , Jan uary 1995. [BCK + 94] G. E. Blake, M. P . Consens, P . Kilp el� ainen, P . - � A. Larson, T. Snider, and F. W. T ompa. T ext / Relational Database Managemen t Systems: Harmonizing SQL and SGML. In Pr o c. of First International Confer enc e on Applic ations of Datab ases , V ol. 819 of L e ctur e Notes in Computer Scienc e , pp. 267{280. Springer-V erlag, June 1994. [CA CS94] V. Christophides, S. Abiteb oul, S. Cluet, and M. Scholl. F rom Structured Do cuments to Nov el Query F acilities. In Pr o c. ACM SIGMOD International Confer enc e on Management of Data , pp. 313{324, May 1994. [CM95] Mariano P . Consens and T o v a Milo. Algebras for Querying T ext Regions. In Pr o c. ACM Symp. on Principles of Datab ase Systems , May 1995. (to app ear). [CR94] V. Christophides and A. Rizk. Querying Structured Do cumen ts with Hy- p ertext Links using OODBMS. In Pr o c. of ACM Eur op e an Confer enc e on Hyp erme dia T e chnolo gy (ECHT’94) , pp. 186{197, Septem b er 1994. [Gol90] Charles F. Goldfarb. The SGML Handb o ok . Clarendon Press, Oxford, 1990. [h tt] h ttp://ho oho o.ncsa.uiuc.edu/cgi/. [ISO86] ISO 8879: 1986. Information Pr o c essing { T ext and O�c e System { Standar d Gener alize d Markup L anguage (SGML) , Oct. 15 1986. 21

[Kim93] W. Eliot Kimber. HyTime and SGML: Understanding the HyTime HyQ Query Language. Av ailable via anon ymous ftp at ftp.i�.uio.no/pub/SGML/HyTime, August 1993. [LZSD95] Brian Low e, Justin Zob el, and Ron Sacks-Da vis. A F ormal Mo del for Databases of Structured T ext. In Pr o c. of the 4th International Confer enc e on Datab ase Systems for A dvanc e d Applic ations (DASF AA’95) , April 1995. (to app ear). [Mac90] Ian A. Macleo d. Storage and Retriev al of Structured Do cumen ts. Information Pr o c essing & Management , V ol. 26, No. 2, pp. 197{208, 1990. [Mac91] I. A. Macleo d. A Query Language for Retrieving Information from Hierarc hic T ext Structures. The Computer Journal , V ol. 34, No. 3, pp. 254{264, 1991. [MA C95] T. Milo, S. Abiteb oul, and S. Cluet. A Database Interface for Files Up date. In Pr o c. ACM SIGMOD International Confer enc e on Management of Data , May 1995. (to app ear). [SD AMZ94] Ron Sac ks-Da vis, Timoth y Arnold-Mo ore, and Justin Zob el. Database Sys- tems for Structured Do cuments. In Pr o c. of the International Symp osium on A dvanc e d Datab ase T e chnolo gies and Their Inte gr ation , pp. 272{283, Octob er 1994. [vH94] Eric v an Herwijnen. Pr actic al SGML . Kluw er Academic, 2nd edition, 1994. 22